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A massive global environmental problem is the large and ever-increasing amounts of accumulating plastic waste; this increases the pressure on many industries but specifically the construction industry to produce and develop more sustainable methods for reusing or recycling materials that would have been heading for landfill or incineration. Plastics are particularly problematic due to their very low biodegradability, high durability, and complex recycling methods, especially in mixed or contaminated polymers. In response to this, recent research has tried to discover ways of incorporating waste plastic into construction materials, with the aim of reducing plastic waste.
A notable development in this field is the use of waste plastics in road construction. Building on early research originating in India in 2006, asphalt technologies that have been polymer-modified have since gained attention worldwide. In the UK, the Department on Transport has supported trials of plastic road technologies developed by the Scottish company MacRebur, who state that they use MR6 which uses polymer modified bitumen’s used on heavy duty courses or motorways (No date). They use non-recyclable plastic waste as a partial replacement for bitumen or fine aggregates in asphalt mixtures. Innovations like this aim to not only reduce plastic waste from landfills, but to also enhance pavement durability and deformation resistance.
In contrast, there has been significant research that has been undertaken into the use of plastics within cement materials, particularly mortars. Waste plastics have been investigated as both a replacement for fine aggregates as well as reinforcing fibres intended to improve tensile strength, crack resistance and shrinkage. This is proven by Mashaan, NS and Ouano C, A, E (2025) who state that plastic n concrete improves tensile strength and crack resistance, being critical for enhancing structural integrity of concrete. The development of fibre-reinforced plastics (FRP) as an alternative to traditional steel reinforcements has opened further examination of plastic reinforcement systems, especially in non-structural and low load scenarios.
This research paper evaluates the potential use of plastics as a replacement material in mortar mixes and road construction, focusing on recent research published within the last eight years. Most importantly on the mechanical and physical properties of plastic-modified materials, the challenges that come with with bonding and durability, and the practical ability of these technologies within modern construction practice.
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[bookmark: _Toc218593993]2.1 Plastic as a Material in Road Construction
Recent research has largely focused on the inclusion of waste plastics into road construction materials as a way of improving the performance of pavements while also addressing the ever-increasing issue of plastic waste management. Since 2017, studies have largely concentrated on the use of non-recyclable thermoplastics, such as low-density polyethylene (LDPE), high-density polyethylene (HDPE), polypropylene (PP) and polyethylene terephthalate (PET), incorporated into asphalt mixtures either as a partial replacement for bitumen or as an additive to the aggregate matrix. The positives of this are proved by ScienceDirect (2025) who state that polypropylene in asphalt mixtures boosts rubberised asphalt for road performance and waste reuse, enhance mixtures high temperature and water stability, and a lower carbon footprint due to dry-processed rubberised asphalt.
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AI-generated content may be incorrect.]There are two specific methods heavily highlighted in the research, both being the wet process and the dry process. In the wet process, plastic is blended directly with hot bitumen to form a polymer-modified binder before mixing with aggregates. This method has been proven to improve viscosity and elasticity, improving the materials resistance to cracking. However, this method requires very specific equipment and strict temperature control which can heavily affect its practical use. Alternatively, the dry process involves adding plastic, before the bitumen is introduced, directly into the heated aggregates. This approach is easier and so is more widely used, especially in developing regions due to its good compatibility with existing asphalt materials and lower costs. Source: IJATEM (2023)
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International case studies provide strong evidence for the viability of plastic-modified asphalt. In India, numerous trials have shown that roads constructed using waste plastic additives result in improved stability, reduced moisture and improved resistance to potholes forming when compared with conventional asphalt pavements. Similarly, trials in Australia and the Netherlands have reported improved fatigue life and reduced deformation under repeated loading, particularly in high-traffic areas. This can be proven by ShunWaste (2025) who state that roads infused with plastic are more resistant to wear and tear and last 2-3x longer than traditional roads.
In the United Kingdom, research and industry trials have been led mainly by MacRebur, whose plastic additives are manufactured from non-recyclable waste plastics and incorporated into asphalt using a dry process. UK local authority trials, supported by the Department for Transport, have reported improved durability and reduced maintenance, with MacRebur (2023) claiming that plastic-enhanced asphalt roads are designed to be high-quality and durable, and reduce carbon emissions. Prefabrication plays an important role in this context, as the controlled production of plastic additives ensures consistent particle size, composition and performance, improving quality consistency and repeatability when compared with on-site plastic shredding.
From a mechanical point of view, research shows that introducing plastics into asphalt mixtures can lead to increased stiffness and affect stability, while also reducing the temperature sensitivity of asphalt mixtures. The introduction of plastic enhances load distribution and reduces deformation under heavy loading.in addition to these concerns, HPD Construction (2020) state that concerns could include the spread of microplastics and toxic fumes during the process, as well as the use of fossil fuels in the production of the plastics. However, excessive plastic content has been shown to negatively impact workability and lead to brittleness, highlighting the importance of an optimised mix design and dosage control.
Overall, recent research proves that waste plastics can be successfully used within road construction materials, assuming that the appropriate production methods, material selection and quality control measures are correctly used. These findings support the ongoing investigation and implementation of plastic-modified asphalt within national and international road infrastructure.
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In recent years, large amounts of research have been carried out into the usage of waste plastics as a reinforcing material in mortar mixes, a resulting factor of the objectives of improving material performance and reducing environmental impact. Studies published since 2017 have primarily investigated the use of recycled plastic fibres and plastic fine aggregate replacements from polymers such as polyethylene terephthalate (PET), polypropylene (PP) and high-density polyethylene (HDPE).
Plastic fibres are typically introduced into mortar mixes in short lengths and low volumes, as it intends to enhance tensile strength and control crack propagation. Experimental methodologies usually involve varying fibre length, aspect ratio and dosage to assess their effects on compressive strength, flexural strength and post-cracking performance. Research always shows that while the introduction of plastic in mortar mixes may result in a slight reduction in compressive strength, the improvements in flexural strength and toughness are regularly seen due to the enhanced crack-bridging mechanisms. This is proven by Li, Y (2024) who states that plastic waste mortar samples showed an increase in flexural strength. This behaviour is very advantageous in situations where resistance to shrinkage cracking and impact loading is more important than compressive capacity.
In addition to fibre reinforcement, waste plastics have also been examined as a partial replacement for fine aggregates in mortar mixes. In this context, shredded or granulated plastics are used to replace a percentage of natural sand by volume. Research has shown that increasing plastic content usually leads to a reduction in density and compressive strength, which lower the stiffness and hydrophobic nature of plastics compared with mineral aggregates. However, at low replacement levels, acceptable performance can be achieved, making such mixes suitable for non-structural elements like paving slabs and masonry units.
The replacement of traditional steel reinforcements has been explored in more depth with fibre-reinforced polymer (FRP) systems in cement materials. While FRP reinforcement is more common with concrete rather than mortar, its inclusion is important in the context of plastic-based reinforcements. FRP materials offer high tensile strength, resistance to corrosion and reduced weight; however, as proven by Qureshi, J (2022) they show linear elastic behaviour up to its failure and lower elasticity compared with steel, which can affect crack control and serviceability.
From a physical perspective, mortars with plastic reinforcements show signs of improved resistance to moisture ingress and permeability due to the absorbent resistance of plastics. However, poor bonding between the plastic and cement mixtures has been widely reported, leading to weak transitions and reduced load efficiency proven by Concrete Captain (No date) who states that the slick surfaces of most plastics mean most adhesives have difficulty sticking strong and usually peel away. These issues can limit how applicable plastic-reinforced mortars can be but do not affect their use in low-loads where durability and sustainability are prioritised.

Overall, recent research shows that waste plastics can be very effective when used as reinforcing materials in mortar mixes when used in carefully controlled limits. Their application is best used in non-structural or secondary elements, where improvements in crack control, durability and sustainability are more important than the reductions in compressive strength.
[bookmark: _Toc218593995]Evaluation of Problems and Mitigation Strategies in Plastic-Modified Materials
The research reviewed in Sections 2.1 and 2.2 highlights that while the introduction of waste plastics in roads and mortar mixes offer clear benefits in environmental and durability areas, several challenges are still common that limit a wider use. The largest issues found across both of the applications relate to material compatibility, interfacial bonding, and long-term performance.
A large problem associated with the use of plastics in cement is poor adhesion between plastic inclusions and the cement matrix. Plastics are hydrophobic and chemically static, which hinder the bonding within the interfacial transition zone (ITZ). This bond is weak and results in a reduction in load transfer efficiency and microcracking when under stress, then resulting in lower compressive strength and stiffness when compared with conventional mortars, this is proven by Castro, J, Ammari, Z.J.A, Sezen, H. (2025) who states that the hydrophobic nature of plastic particles was the reason for lowered compressive strength. Similar challenges have been identified in asphalt mixtures, where poor interaction between plastic and bitumen binders can result in separation or inconsistencies in performances if the temperatures and procedures are not controlled with care.
From a mechanical perspective, too much plastic content has been shown to heavily affect the behaviour of the material. In mortar mixes, increasing the plastic fibre dosage past its optimal levels often leads to fibre clusters, reduced workability and can form voids, which largely affects strength and durability, as proven by Islam, T, Safiuddin, M (2023) who state that PVC fibres have the tendency to cluster together, resulting in a reduction in the concrete slump. In road construction, high plastic concentrations can increase the stiffness of the mixtures to the extent that they can become brittle and hence reducing fatigue resistance and increasing its chances to cracking under traffic loading, this is proven by Owais, M (2025) who state that excessive polymer content can lead to inconsistent performances, including reduced fatigue resistance that can lead to cracking. These findings highlight the importance of an optimised mix design rather than maximising plastic content for sustainability gains.



Durability and long-term performance also remain large areas of concern. Although plastic-modified asphalt has shown improved resistance to moisture damage, there is limited long-term data available regarding its ageing behaviour, ultraviolet exposure and performance under temperature fluctuations, specifically in temperate climates such as the UK. Similarly, the long-term behaviour and fire performances of plastic-reinforced mortars are not fully understood yet, therefore leading to questions about their suitability for structural or load-bearing applications.
Research has raised several mitigation strategies to address these limitations and to therefore enhance its performance. Surface treatment of plastic fibres, like alkaline washing, has been shown to significantly improve the bonding by increasing surface energy and mechanical interlock, as proven by Bechtold, T, Gleissner, C, Pham, T (2023) who state that the plasma treatment induces a reduction in contact angle and therefor lead to an improved wettability of the polyamide. The use of coupling agents and supplementary cement materials, such as silica fume or fly ash, has also been proven to refine the ITZ and improve overall performance.
In asphalt, pre-processing of plastic additives play a vital role in mitigating the performance issues. Controlled manufacturing of pelletised plastic modifiers, as used by companies such as MacRebur, ensures a consistent particle size and melting behaviour, reducing the variability in on-site performances. Furthermore, strict control of mixing temperatures and dosage has been proven to enhance the plastic–bitumen compatibility, improving its resistance to deformation.
Hybrid materials have also shown good potential, where plastics are used simultaneously with traditional materials instead of full replacements. Limiting plastic content to thresholds optimised for performance allows for sustainability benefits to be seen without affecting mechanical integrity. Overall, research shows that while plastics propose material challenges, mitigation strategies can significantly improve the performance and the reliability of plastic-modified mortars and road materials, adding support to their use in non-structural and infrastructure applications.
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The incorporation of waste plastics into road construction and mortar mixes presents an opportunity to improve sustainability within the construction industry; however, its practical and functionality must be critically assessed in relation to mechanical performance, durability and acceptance. While research proves clear benefits in certain applications, the material’s limitations hinder its universal adoption.




From a practical standpoint, plastic-modified asphalt has proven to be the more viable application. Industry trials in the UK suggest that plastic additives can be added into existing asphalt production processes with minimal disruption, particularly when using prefabricated products. Plastics Engineering (No date) state that MacRebur technology allows non-recyclable plastics to be reused in roads without compromising performance, while reducing carbon footprint. Mechanical testing supports these claims further, with studies showing improved rutting resistance and fatigue life when plastic content is carefully controlled into asphalt production. Nevertheless, it is argued that the long-term performance of these types of materials is still unclear. The K4D (2019) state that the use of waste plastics in roads is relatively new, with the first roads constructed using this method are only 10 years old so long-term outcomes are not yet clear.
In contrast, the use of plastics in mortar mixes is more limited in terms of functionality. Although plastic fibres improve crack control and toughness, the reductions seen in compressive strength and stiffness restrict their usage to non-structural or low-load applications. Ahmad, J, Burduhos-Nergis, D.D, (2022) state that polypropylene fibres in concrete restrict and even prevent cracking, even if a crack was to appear it would restrict its propagation. However, the workability of the mixture decreases due to the larger surface area of the plastic fibres. This aligns with experimental evidence that shows weaker bonding and reduced load capacity when plastics replace any mineral aggregates or steel reinforcements.
Concerns have also been flagged within the media regarding the environmental credibility of plastic-based construction materials. As stated by Enfrin, M, Myszka, R, Giustozzi, F (2022) plastic roads have the potential to reduce the global plastic waste issue, however plastic roads contribution to this in the long term is still unknown. However, others argue that infrastructure applications provide long-term encapsulation of otherwise unrecyclable plastics, offering a pragmatic solution while recycling technologies continue to develop.
Looking forward, the future efficiency of plastics in these applications will depend upon improved organisation and long-term performance data. Continued research into surface treatment, hybrid reinforcement systems and lifecycle assessment is essential. Ultimately, plastics replacing conventional materials entirely is very unlikely, however they can serve as very effective supplementary components in applications where mechanical properties and environmental benefits are balanced.
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This research paper has evaluated the potential use of waste plastics as replacement and reinforcing materials in road construction and mortar mixes, with highlighting on their mechanical and physical properties. Recent research shows that plastics can be successfully added into asphalt mixtures, where they contribute to improved rutting resistance, fatigue performance and moisture durability when used at optimised measurements and under controlled conditions. Case studies from the UK and internationally indicate that plastic-modified asphalt shows a practical and functional application, especially when prefabricated additives are used to ensure the materials consistency and quality.
In contrast, the use of plastics in mortar mixes presents more significant restrictions. While plastic fibres can improve crack control and toughness, the reductions seen in compressive strength and stiffness result in limiting their usage to non-structural or low-load applications. Poor bonding between plastic inclusions and the cement remains a key challenge, as it limits its structural applicability in spite of ongoing research into surface treatments and hybrid reinforcement systems.
Overall, waste plastics should not be viewed as direct replacements for conventional construction materials, but rather as supplementary components that can deliver the targeted performance and sustainability benefits. The future efficiency of plastic-modified materials will depend on further long-term performance data, improved material standardisation and more clear regulatory guidance. When applied appropriately, plastics offer a great means of diverting non-recyclable waste from landfill while then contributing to more sustainable infrastructure and construction practices.
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Figure 2: Flow chart of wet process
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Figure 1: Flow chart of dry process




