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ABSTRACT
The environment has been severely affected by the substantial increase in plastic production and consumption, leading to a major surge in plastic waste generation. The efficient reutilization and recycling of plastic waste has emerged as a crucial subject of interest. In recent years, numerous scholars have examined the viability of including recovered plastic as aggregates in concrete, exploring the potential use of plastic waste in concrete. Based on these trials, the inclusion of plastic particles in concrete can result in its structural degradation (but also maintain the exact performance of natural aggregate given the correct mechanical makeup), enhanced energy absorption capacity, and heightened resistance against sulfuric acid corrosion. This study presents a comprehensive examination of the literature concerning the utilisation of recycled plastic aggregates in concrete. The text highlights the influence of plastic aggregates on the performance of concrete and provides a clear explanation of the underlying effect processes from four significant viewpoints: durability, mechanical characteristics, thermal properties, and physical properties. The findings contribute to our understanding of the potential benefits and limitations of using plastic aggregates in concrete, cement mortars and road construction, providing valuable insights for eco-friendly waste management and construction methods.



1. 

2. INTRODUCTION
Because of its many advantageous qualities, including low density, resistance to corrosion and wear, insulating qualities, low heat conductivity, and ease of processing and molding, plastic is utilized extensively. However, according to Hannah Ritchie, Veronika Samborska and Max Roser (2023), a sizable amount of plastic garbage has been generated because of the rise in plastic usage. Now, around 350 million tonnes of plastic waste are produced worldwide each year. Most common plastics, including polyethylene (PE), polypropylene (PP), polystyrene (PS), and polyvinyl chloride (PVC), have a limited lifespan of less than two years and make up to 45% of plastic trash.
Nowadays, there are three primary ways to get rid of plastic waste: recycling, landfilling, and incineration. Air pollution can occur from the incineration of hazardous gases like dioxins. Furthermore, heavy metal contaminants are frequently included in incineration residue, which is a serious environmental hazard. Placing plastic waste in a landfill takes up a lot of space and can clog drainage systems, which invites mosquitoes and spreads illness. (Saikia and de Brito, 2012)
Given that the environment has been severely affected by the substantial increase in plastic production and consumption, leading to a major surge in plastic waste generation, the efficient reutilization and recycling of plastic waste has emerged as a crucial subject of interest. In recent years, numerous scholars have examined the viability of including recovered plastic as aggregates in concrete, exploring the potential use of plastic waste in concrete. Based on these trials, the inclusion of plastic particles in concrete can result in its structural degradation, enhanced energy absorption capacity, and heightened resistance against sulfuric acid corrosion. This study presents a comprehensive examination of the literature concerning the utilization of recycled plastic aggregates in concrete, it’s reinforcement capability in mortars and its application in road construction. It highlights the recent findings in the construction sector as it relates to plastic aggregates and the influence of plastic aggregates on the performance of concrete and provides a clear explanation of the underlying effect processes from four significant viewpoints: functionality, durability, mechanical characteristics, and physical properties. 
The findings contribute to our understanding of the potential benefits and limitations of using plastic aggregates in concrete, providing valuable insights for eco-friendly waste management and construction methods.


3. PLASTIC WASTE IN CONCRETE COMPOSITES
Extensive study has been carried out on the utilization of recycled plastic as a substitute ingredient in cement composites, namely as aggregate. This encompasses research that examines the durable characteristics of these composites, including several forms of concrete such as lightweight concrete and self-compacting concrete. High Density Polythylene (HDPE) has gained popularity among academics because of its widespread availability and its appropriateness for construction uses, even though it is not the primary source of plastic trash. Polyvinyl chloride (PVC), a widely used plastic, has not been extensively utilised in construction, despite its frequent presence in plastic manufacturing. This may be attributed to environmental apprehensions regarding its chlorine concentration.

3.1  High Density Polytheline (HDPE) plastic as an Aggregate.
(Mahadev Gaikwad et al., 2018)
Despite ongoing efforts to reduce its usage, the utilisation of plastic is steadily increasing daily. Every day, a substantial quantity of hazardous trash is generated. This study by Mahadev et al examined the advantages and feasibility of utilising recycled plastics as coarse aggregate in concrete. The experiment involved using Plastic Coarse Aggregates (PCA) and steel fibres to substitute Natural Coarse aggregate in concrete of M-25 grade. The amount of plastic aggregate used fluctuated, and the water to cement ratio (w/c ratio) was 0.48. For this study, the use of natural coarse aggregates is replaced with 0%, 15%, and 30% of PCA. The steel fibres constitute around 1-3% of the total weight of the cement. The concrete was made with OPC-53 grade cement. HDPE waste plastic is collected from electronic trash and agricultural waste sources. The investigation involves the production of casting cube, beam, and cylinder using M-25 concrete with different proportions of PCA. 

Subsequently, the compressive strength, flexural strength, and split tensile strength of the specimens are tested. Moreover, this study established the optimal proportion of PCA that can be used as a replacement for natural aggregate in structural concrete as shown in Figures 1, 2 and 3.

3.2  Polyvinyl Chloride (PVC) plastic as an Aggregate
Recent studies focused on the utilization of polyvinyl chloride (PVC) as a substitute for natural aggregates in concrete, encompassing both fine and coarse components.
(Merlo et al., 2020)
The objective of this project was to develop lighter mortars by substituting a portion of the mineral aggregate with recycled polyvinyl chloride (PVC) sourced from waste electrical and electronic equipment (WEEE). Polyvinyl chloride (PVC) was obtained by extracting it from copper electrical cables. The PVC was then pulverised and used as a replacement for mineral aggregate in mortar. The volumetric fractions of PVC used were 5%, 10%, 15%, and 20%. A thermal characterization was conducted to ascertain the composition of the starting material. The mechanical testing of the mortar samples involved the utilisation of both standard Portland cement and class G cement. The results demonstrated that by substituting only 5% of the sand volume with PVC waste, there was a significant decline of 50% in the mechanical qualities. The potential explanation for this phenomenon was attributed to the mechanics of the PVC used and its inadequate adhesion to the matrix, resulting in the creation of porosity. However, the manufactured mortar retains mechanical properties that are appropriate for non-structural uses (such as substrate or screed) and contributes to the conservation of natural resources.




4. [bookmark: _Hlk155977821][bookmark: _Hlk155977794]PLASTIC WASTE AS A REINFORCING MATERIAL IN MORTARS
4.1  (Al-Tulaian, Al-Shannag and Al-Hozaimy, 2016)
The researchers B.S. Al-Tulaian, M.J. Al-Shannag, and A.R. Al-Hozaimy from King Abdul-Aziz City for Science and Technology in Saudi Arabia conducted a study to examine how using recycled plastic waste fibres affects the flexural strength, flexural toughness, and plastic shrinkage cracking characteristics of Portland cement mortar. The study revealed that mortar prisms enhanced with Polyethylene terephthalate (PET) fibres exhibited a significant augmentation in flexural toughness, as well as a notable rise in flexural strength ranging from 6% to 84% compared to mortars strengthened with Reinforced Plastic (RP) fibres and plain mortar. The test findings demonstrated a notable decrease in the breadth and overall surface area of plastic shrinkage fractures in slabs that were reinforced with a higher quantity of RP fibres, in comparison to slabs without any fibres. There were no plastic shrinkage fractures detected on the surface of mortar slabs that were strengthened with 1.5% (by volume) of 50 mm long, RP fibres. The study suggests incorporating approximately 1.5% of locally sourced, 50 mm long recycled plastic fibres into regular cement mortar to enhance the ductility and crack arresting mechanism of the mortar matrix. The study emphasises the capacity of repurposed plastic waste fibres to improve the efficiency of cement mortar and decrease the expenses associated with plastic waste management.


5. PLASTIC WASTE MATERIALS IN ROAD CONSTRUCTION

The idea of constructing roads using solely waste plastics is a rather novel notion, and as of now, there are no highways that have been constructed purely from plastic materials. However, Huang et al. (2007) found in their review that recycled plastics have the potential to function as a modifier for binders or as a substitute for aggregates. The incorporation of waste plastic in bituminous road building shows potential due to its capacity to greatly improve the strength, durability, and other desired characteristics of bituminous mixes when applied in small proportions (5–10% of the weight of bitumen). This can lead to an extended lifespan of the pavement and improved overall performance (Kalantar et al., 2012; Vasudevan et al., 2012)
Studies conducted in both laboratory and field settings have shown that incorporating waste plastic into bituminous mixes enhances durability and increases resistance to deformation and water-induced damage (Khursheed and Singh, 2017; Manju et al., 2017). This indirectly contributes to enhancing user happiness and mitigating accidents. Waste plastic is included into the bituminous mix, resulting in a reduction in the amount of bitumen required and thus lowering pricing (Behl et al., 2012; Vasudevan et al., 2012). Using waste plastic for road building offers the advantage of increasing the lifespan of the road (Sojobi et al., 2016).








5.1  Plastic Roads and the United Kingdom
MacRebur, a corporation headquartered in the UK, has developed a method to incorporate discarded plastic into asphalt for the construction and surfacing of new roads (White and Reid, 2017; White and Reid, 2018; White, 2019).
Durham County Council in the UK opted to resurface a section of the A689 in Sedgefield and the runways and taxiways at Carlisle Airport using MacRebur's recycled waste plastic, instead of the traditional bitumen. Furthermore, MacRebur participated in the construction of plastic roadways in both Australia and the United States (UCSD Guardian, 2018). Presently, the organisation is constructing the inaugural plastic road in South Africa, namely in Kouga Municipality. The MacRebur products are currently the only waste plastic road construction approach that can be globally used for commercial purposes. 
In 2019, the Department for Transport declared that the UK government will allocate £23 million towards advancements in plastic road technology. The testing will take place in eight local authorities, namely Buckinghamshire, Bedfordshire, Cumbria, Staffordshire, Kent, Reading, Suffolk, Solihull, and Birmingham. Approximately £1.6 million of these funding will be allocated to the expansion of an existing asphalt and recycled plastic road in Cumbria. The project aims to develop a guidance sheet that provides detailed instructions and requirements for the design and specifications of plastic asphalt, as stated by the Department for Transport in 2019.







5.2  Plastic Roads and India
India seems to possess the most evident proficiency in using waste plastics for road development. India has endorsed the utilisation of waste plastic in bituminous mixes for the building of its national highways and rural roads. It has also approved it as the standard method of periodic renewal with hot mixes for roads within a 50 km radius of urban areas with a population exceeding 500,000 (Government of India, 2015; National Rural Roads Development Agency, 2019). The National Rural Roads Development Agency (2019) provides guidelines for utilising waste plastic exclusively in the construction of rural roads, whilst the Indian Road Congress (2013) has issued regulations for incorporating waste plastic in hot bituminous mixes.


















4.3	Production Process of Plastic Roads
4.3.1   Dry Process
In the dry process, the waste plastic is shredded and then added to the hot aggregate. To achieve the best distribution and coverage on the aggregate, it is advised by the Indian Road Congress (2013) and the National Rural Roads Development Agency (2019) that the shredded waste plastic should have a size ranging from two to three millimetres. The presence of impurities, such as dust, should not exceed 1%. Afterward, the aggregates are heated to a temperature of 170ºC and then combined with the shredded waste plastic. As to the findings of Sahu and Singh (2016), the shredded waste plastic undergoes melting and softening, resulting in the formation of a film around the aggregates. To facilitate the amalgamation of bitumen and plastic-coated aggregates for road construction, the bitumen is subjected to a temperature of 160ºC.
Laboratory tests have determined that the proportion of shredded waste plastic in bituminous mixes should range from 5% to 10% of the weight of bitumen. It is recommended that the optimum percentage be set at 8% (Vasudevan et al., 2012; Indian Road Congress, 2013; Mishra and Gupta, 2018; National Rural Roads Development Agency, 2019).
In their study, Mishra and Gupta (2018) discovered that the dry process outputs exhibited superior performance compared to the wet process outputs in various aspects, such as indirect tensile strength and Marshall stability. This demonstrates enhanced resistance to deformation and the ability to endure heavier loads.
Prof. R. Vasudevan was granted a patent in 2006 (PCT Classification Number C08L95/00) for the dry method of mixing bitumen, aggregate, and waste plastics to produce flexible pavements. This method was described in Vasudevan's work in 2004 and further elaborated upon by Vasudevan et al. in 2012. 
The UK company MacRebur converts waste plastics into pellets, which are subsequently integrated into an asphalt or bitumen mixture. The combination is then heated to a temperature ranging from 160°C to 180°C. Once the waste plastic pellets have been fully melted and blended, they are next mixed with the bitumen mixture.
4.3.2 Wet Process
Prior to incorporating the waste plastic powder into the aggregates, it is promptly mixed with bitumen. The temperature range required for this method is between 155°C and 165°C. It is crucial to ensure thorough and uniform mixing of the plastic and bitumen components (Asare et al., 2019). Sahu and Singh (2016) and Asare et al. (2019) recommend that the bitumen mix should consist of 6-8% waste plastic powder.
[image: A diagram of a rock processing plant

Description automatically generated]Figure 1 Shows the wet and dry process of a discontinuous bitumen plant.



Plastic roads can be constructed using either a wet or dry process, each with its own distinct advantages and limits. An example of a drawback in the wet approach, which does not occur in the dry process, is the occurrence of phase separation between the binder and plastic (Willis, Yin, and Moraes 2020). The dry procedure can manage larger quantities of plastic (measured in tonnes per 1 km of road) compared to the wet approach. Nevertheless, in the absence of occupational regulations, the dry process method is associated with the acknowledged disadvantage of increasing the likelihood of fires at the asphalt factory and generating hazardous air pollutants.


4.4	Sustainabiltiy
The sustainability of plastic highways includes the evaluation of their life cycle, the potential release of additives through leaching, the presence of microplastics, and the recyclability of the material at the end of its useful life. The selection of these categories was based on the presence of relevant studies in the literature, as well as the expected significant environmental effects that could affect the long-term viability of plastic roads.
In general, scientific studies suggest that utilising plastic waste for road construction is beneficial when taking life cycle analysis into account. However, there are still substantial knowledge gaps regarding the development of microplastics and the release of plastic additives. Gopinath et al. (2020) conducted a study in India to assess various disposal procedures. The study resulted in the development of an Energy, Environmental, and Economic (EEE) Index. The techniques that were studied include landfilling, recycling, pyrolysis, liquefaction, road building and tar, and concrete. The EEE Index (Gopinath et al. 2020) concluded that plastic roads and incorporating plastic waste into concrete constructions are the most favourable choices.


6. CRITICAL ANALYSIS
6.1   High Density Polytheline (HDPE) plastic as an Aggregate.
(Mahadev Gaikwad et al., 2018)
The addition of steel fibre to 15% PCA concrete results in split tensile, flexural, and compressive strengths that are equivalent to those of conventional concrete. Nevertheless, concrete containing more than 15% Portland cement replacement (PCA) exhibits a decline in strength, even when reinforced with steel fibre. Plastic-based concrete is lighter because it has enhanced malleability and reduced weight. Introducing steel fibre into plastic-replaced concrete enhances its strength, albeit slightly lower than that of conventional concrete. Recycling plastic in building can establish a new benchmark by mitigating environmental degradation and utilising non-biodegradable waste.
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Figure 3 Shows the Flexural strength at various PCA content over the course of three weeks.
Figure 4 Shows the Split Tensile strength at various PCA content over the course of three weeks.
Figure 2 Shows the Compressive strength at various PCA content over the course of three weeks.

5.2 Polyvinyl Chloride (PVC) plastic as an Aggregate
(Merlo et al., 2020)
Extensive research has been conducted on the incorporation of PVC plastic aggregate from different origins into cement composite. PVC plastic can function as a replacement for aggregate in several ways. The examples provided in this overview yield the following deductions:
The physical properties of aggregates, especially PVC plastic particles, have a significant impact on the microstructure and workability of cement composites. The size and shape of plastic aggregate had a major impact on its early performance and the formation of pores in the cement matrix. When the appropriate size is used, it is possible to incorporate flaky, shredded, granules, or powder into the cement composite.
If the content levels are below thirty percent, it is possible to substitute coarse aggregate with PVC plastic aggregate.
Powdered PVC plastic can be utilised in applications where strength is not the foremost factor, such as moderate strength concrete infrastructure applications (with a strength range of 21-30MPa).
Enhancing the adhesive characteristics of the cement matrix can fortify the PVC plastic aggregate. Furthermore, enhancing the cement binder can compensate for the subpar durability of the plastic aggregate.


[image: A group of different colored bars

Description automatically generated]Figure 5 Shows the variations in mechanical properties as a function of the volume percentage of natural aggregate substituted with PVC: a) 3-point flexural test using class G cement. b) Compressive strength with cement of grade G c) A comparison of the variation in three -point flexural strength between normal Portland cement (represented by the colour violet) and Class G cement (represented by the colour yellow). d) A comparison of the disparities in compressive strength between conventional Portland cement (represented by the colour violet) and Class G cement (represented by the colour yellow).



5.3     Plastic Waste as a Reinforcing Material in Mortars
(Al-Tulaian, Al-Shannag and Al-Hozaimy, 2016)
Recycled PET fibres enhance the performance of concrete by improving flexural toughness and minimising plastic shrinkage cracking. Compared to control mortar prisms that do not contain fibres, the fiber-reinforced concrete prisms with 1.5% of 50mm long PET fibres exhibited a significant 84% enhancement in both flexural toughness and strength. Plastic shrinkage fractures began to develop on the surfaces of mortar slabs at a rate of 0.97 kg/hr/m2 of moisture loss from the surface. Increasing the fibre volume percentage from 1.0% to 1.50% dramatically lowers plastic shrinkage cracking when the fibre length is 50mm. Plastic shrinkage fractures completely disappeared when the fibre length was 50mm and the fibre volume percentage was 1.5%.

7. CONCLUSION
Waste plastic aggregates have a substantial impact on the flowability, density, thermal conductivity, sound absorption, and ultrasonic pulse velocity of concrete. The impacts vary based on the specific characteristics of the plastic aggregates, including their type, size, classification, and form. The inclusion of plastic particles has a significant impact on the durability characteristics of concrete, leading to heightened porosity, more water absorption, higher drying shrinkage, enhanced susceptibility to carbonation, sulphate attack, chloride ion migration, reduced frost resistance, and diminished heat resistance. The durability of concrete is multifaceted and contingent upon specific circumstances. Plastic aggregates provide superior impact resistance, higher durability against sulphate attack, reduced carbonation, and enhanced resistance to freezing and thawing. Nevertheless, they can also result in unfavourable outcomes such as diminished compressive strength, heightened water absorption, intensified drying shrinkage, and probable complications with fire resistance. Additional investigation is required to enhance the properties of plastic aggregate, ensure compatibility with cement matrix, and develop appropriate mix designs and production procedures.
When waste plastics are utilised in road construction, they have the potential to emit noxious fumes including chlorine and release poisonous substances while being cleaned, posing various health and environmental hazards. The impact of leachate and the generation of toxic vapours is negligible and does not result in any adverse effects. Only some categories of plastic waste, such as films, hard foams, soft foams, and laminated plastics, are suitable for utilisation in road construction. Effective techniques are crucial for collecting, categorising, and purifying used plastics.
Construction workers are mandated to obtain training in accordance with health and safety laws. It is essential for engineers, contractors, and labourers to be instructed on how to effectively handle plastic waste and its utilisation in road construction. Technical manuals and handbooks are commonly employed to transmit this knowledge.

To provide a solid basis for this technology, it is imperative to develop a comprehensive legislative framework that addresses the technological and legal aspects of utilising waste plastics in road construction. Governments should delegate the role of overseeing the utilisation of waste plastic and conducting technical surveillance, such as temperature inspections and quality assurance protocols, to highway and road authorities.
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