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[bookmark: _Toc187177877]Introduction
The main research method found to be explored by many organisations is the use of Polyethylene Terephthalate (PET) plastic waste as a partial replacement for fine aggregates in concrete. The purpose of this would be to address two worldwide problems, The number of resources natural resources used in the construction as well as the amount of waste plastic that nothing gets done with that has an environmental impact. 
[bookmark: _Toc187177878]Research paper one.
Objectives
· Investigate the effects of incorporating PET plastic waste as fine aggregate replacements at varying levels (10%, 20%, and 30%) on concrete's workability, density, compressive strength, and flexural strength.
· Evaluate the feasibility of using PET waste aggregates in concrete for structural and non-structural applications.

Findings 
The incorporation of PET aggregates into concrete significantly affects its workability, density, compressive strength, and flexural strength, presenting both advantages and limitations. (Babatunde, 2022)

Workability:
In terms of workability, the addition of PET enhances the mix due to its non-absorptive nature, which retains more water and results in higher slump values. This improvement becomes more pronounced as the PET content increases, making the mix easier to manage and place.

Density:
The density of the concrete decreases with the inclusion of PET aggregates, making it suitable for lightweight applications. At lower replacement levels, such as 10%, the reduction in density is minimal, amounting to only 3%. However, at higher replacement levels, the loss in density becomes significant, which may limit its use in applications where higher density is critical.

Compressive Strength:
Compressive strength shows a nuanced response to PET content. At 10% replacement, a slight improvement of 12% in compressive strength is observed. However, beyond this level, strength begins to decline significantly, with reductions of 13% and 22% for 20% and 30% PET content, respectively. This decrease is attributed to the smooth surface texture and low bonding ability of PET aggregates, which weaken the overall structural integrity of the concrete.

Flexural Strength:
Flexural strength also decreases with increasing PET content, a trend supported by similar studies. This reduction is attributed to the decreased cohesion and stiffness of the composite material when PET is introduced. These observations highlight the potential of PET aggregates in lightweight concrete applications while emphasizing the need to optimize replacement levels to balance workability, density, and structural performance.
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Objectives 
· To evaluate the compressive and flexural strengths of cement mortars containing several types of waste plastics (including ABS, PET, POM, and others) as partial sand replacements at varying content levels (5% to 20% by volume).
· To assess how the incorporation of waste plastics affects the deformation characteristics of cement mortars, particularly in terms of ductility and brittleness during stress application.

Findings

Strength performance
the research paper shows that Mortars with up to 20% plastic content exhibited an increased strength exceeding standard requirements for masonry applications. (Gurbir Kaur, 2020)
Ductile failure
the inclusion of the plastic aggregates alters the chemical composition in a way that if a load is applied for an extended period the samples would begin to fail catastrophically.

Enhanced flexural strength.
the presence of the plastic at up to levels of 15% led to significant improvements in flexural strength enhancing the mortars resistance to tensile stress is that would have been caused by the environment such as temperature change and salt which would have led to sulphur attacks.

Optimal plastic content
a decline in the mechanical properties was observed at plastic contents of greater than 15%. Under further inspection this was due to the surface is of the plastic as well as the shape and surface is of the plastic that was used for the aggregates for the mortar.

Workability
the impact of waste plastics on the mortar’s workability varied This would have been due to the shapes and sizes of the additional plastic that were used instead of the mortar.

Environmental benefits
the paper emphasised the environmental advantages of incorporating the recycled plastic into the cement mortars, this would potentially mitigate issues related to plastic waste and disposal reducing the demand for natural aggregates which is associated with ecological degradation.

[bookmark: _Toc187177880]Research Methods and Findings
In recent years, the use of waste plastics in concrete has garnered significant attention as researchers seek innovative solutions to two pressing issues: the accumulation of plastic waste and the depletion of natural resources used in construction. Various methodologies have been employed to investigate the properties and performance of concrete mixtures incorporating recycled plastics (Alkhrissat, 2024). Experimental studies, simulations, and field trials have been used to assess the mechanical and physical properties of these composite materials.
Among the most investigated plastics is Polyethylene Terephthalate (PET), which is prevalent in consumer products such as beverage bottles. The focus of research has been on utilizing PET as a partial replacement for fine aggregates in concrete. The rationale behind this approach is twofold: it aims to mitigate plastic waste in landfills while simultaneously reducing the demand for natural aggregates. (Ibrahim Hakeem Alfahdawi, 2016)The research objectives have typically included evaluating the effects of varying percentages of PET (often ranging from 10% to 30%) on key performance indicators such as workability, density, compressive strength, and durability.
The findings from these studies indicate that incorporating PET into concrete mixtures can lead to both benefits and drawbacks. One of the notable advantages is improved workability, attributed to PET's non-absorptive nature. The presence of PET in the concrete mix can enhance the water retention capability, resulting in higher slump values. This property facilitates easier handling and placement of the concrete, making it more user-friendly for construction applications.
However, the inclusion of PET aggregates also presents challenges, particularly concerning the density of the concrete. Research has shown that the density of concrete decreases as the proportion of PET increases. While lower replacement levels (e.g., 10% PET) result in minimal changes in density, higher levels (e.g., 30%) can lead to significant reductions, potentially limiting the material's use in applications that require higher density for structural integrity.
A critical area of concern is the compressive strength of concrete containing PET aggregates. Studies indicate that at a 10% replacement level, there may be a slight improvement in compressive strength. However, as the PET content increases to 20% and 30%, a notable decline in strength is observed. (Ketut Aswatama Wiswamitra, 2021) This reduction is attributed to the smooth surface texture and low bonding ability of PET, which negatively affect the overall structural performance. Flexural strength follows a similar trend, with increased PET content leading to decreased resistance to bending forces.
Furthermore, research has highlighted the impact of using different types of plastics in cement mortars. For instance, studies examining the effects of various plastics (such as Acrylonitrile Butadiene Styrene (ABS) and Polyoxymethylene (POM)) have shown that incorporating up to 20% plastic content can enhance strength and durability, particularly in terms of flexural strength. However, these benefits are counterbalanced by the challenges of achieving adequate bonding between the plastic aggregates and the cement matrix, leading to concerns regarding long-term performance.
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 The main problem that was revealed by researching into the use of plastics as a replacement for aggregates typically came down to how well they would adhere. Plastics tend to be smooth, non-porous, and have hydrophobic surfaces. This research shows that their properties significantly reduce the mechanical and chemical bond strength Between the plastic and concrete and cement mixes. As a result of this poor durability was shown in a lot of different results. (Yong-Chang Guo, 2023)
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the smooth surface texture of plastics typically lacks the roughness needed for the mix is to interlock with the concrete and mortar paste. As a result of this the physical bonding of the mixes is altered and leads to the mix is becoming weak. (Salhin Alaud, 2021)
The hydrophobic nature of plastics means that it cannot absorb the water and will repel it preventing the proper hydration and adherence of the mixture leading to an overall weaker adherence meaning it was a lot more likely to break or crumble.
The difference in how they react to heat led to a difference in the thermal expansion and shrinkage meaning that overtime the plastics and mixtures we're expanding and contracting at different rates leading to cracking and debonding over time. (Mohammed Al Mohsin, 2020)

[bookmark: _Toc187177883]Mitigation strategies
mechanical roughening is a route that has been used which would involve sending the plastic surface to create a rough texture so that it can improve interlocking between the plastic and the mixture allowing for a higher strength.
Another method that has been looked at is chemical etching This would involve using acids or alkalis such as sodium hydroxide on the plastics surface to enhance the surface is roughness and increase chemical reactivity. (Nur Hanis Zulkernain, 2021)
Alternatively, the use of adhesion promoters has been investigated to help bridge the gap between the chemical properties of the plastic and the cement mixtures. This involves using things such as polymeric coatings which adheres well both to plastic and cementing paste.
A method that has been investigated that can help solve the thermal aspect is using plastics that have more similar thermal properties to be concrete mixes doing this showed that there was a lot less stress caused by temperature fluctuations.
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The practicality of using waste plastics in cement and concrete applications presents several challenges. Not all types of plastics are suitable for these purposes, and only a limited range of materials can be effectively incorporated into concrete mixtures. For instance, plastics must meet specific criteria related to their thermal and mechanical properties to ensure compatibility with cement, which limits the volume of waste plastics that can be repurposed.
Moreover, the effort required to process these materials for use in construction can be significant. This includes the need for additional resources, specialized processing techniques, and potentially retraining workers in the construction industry. Consequently, many companies may hesitate to adopt this approach unless there are substantial cost reductions or strong incentives.
Regulatory changes could serve as a catalyst for broader adoption. If governments or regulatory bodies mandated the incorporation of waste plastics in concrete production, companies would have no choice but to comply, levelling the playing field within the industry. This could lead to standardized practices, even if initial implementation involves higher costs or logistical challenges.
Until there is a significant reduction in costs or legal requirements emerge, the integration of waste plastics into mainstream construction is likely to remain a niche solution.
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In assessing the functionality of waste plastics in concrete applications, the key question is whether these materials provide tangible benefits for businesses. While waste plastics may offer desirable attributes, such as improved durability and resistance to environmental factors, these benefits must translate into reliable performance that meets industry standards.
Scaling up the use of waste plastics another challenge. If these materials cannot be produced or utilized efficiently on a large scale, their application will be limited to smaller projects. Additionally, dependence on hard-to-source materials or the potential disruption of existing supply chains adds complexity that many companies prefer to avoid.
Consistency in performance is crucial in construction; materials must deliver predictable results across various projects. If waste plastics exhibit too much variation or present challenges during application, companies may be reluctant to adopt them, even if they show promise in theoretical models.
Market acceptance is also critical. The industry and clients must be ready to embrace these materials for them to gain traction. If waste plastics do not align with market demands or current construction practices, their adoption will be limited.
For waste plastics to become a viable alternative in the construction industry, they must clearly outperform existing materials in terms of mechanical properties, such as compressive strength, flexural strength, and overall durability. Additionally, tangible incentives, such as reduced costs or improved sustainability credentials, will be essential in encouraging wider acceptance.

[bookmark: _Toc187177887]Practicality and Functionality
The practicality of incorporating waste plastics into concrete applications is influenced by several factors. Not all types of plastics are suitable for use in concrete, and careful selection is essential to ensure compatibility with cement and desired performance characteristics. Additionally, the processing of waste plastics for construction use can require significant resources, specialized techniques, and retraining of personnel, which may deter widespread adoption unless cost reductions or regulatory incentives are introduced.
Market acceptance is also a crucial factor in determining the viability of using waste plastics in construction. For these materials to gain traction, they must demonstrate clear advantages over conventional materials in terms of mechanical properties, durability, and overall performance. If waste plastics can provide tangible benefits, such as enhanced sustainability credentials and reduced environmental impact, they may become more widely accepted within the industry.

[bookmark: _Toc187177888]Conclusion
In summary, the use of waste plastics in cement and concrete applications presents both significant challenges and opportunities. While there are considerable obstacles related to practicality and functionality, the potential benefits in terms of sustainability and resource conservation are notable. Future innovations in processing technologies, coupled with supportive regulatory frameworks, may enhance the viability of these materials. To fully realize their potential, ongoing research, and collaboration between industry stakeholders will be essential.
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