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[bookmark: _Toc1646715206]1.0 Introduction

This assignment investigates the research conducted within the last 8 years, regarding the use of waste plastic in mortar as a reinforcement and as a material for prefabricated road decking. As well as the issues discovered regarding the bind between the cement and plastic in the mortar, and long-term durability and structural integrity of the prefabricated road decking.

Plastic has become one of the most used materials globally, and according to International Union for Conservation of Nature [IUCN], (2024), over 460 million tonnes of plastic is produced every year, with only about 10% actually recycled. In addition, as stated by WWF Australia, (2025), plastics can take from as little as 20 years, up to and more than 500 years to break down. This means plastic waste has become a significant environmental challenge.

To reduce the impact, research has been done to investigate the use of waste plastics in the construction industry, for example, used as a reinforcement material in mortars or used as a prefabricated road decking material. Plastic has a wide range of properties, which vary depending on manufacturing process and chemical make-up, but these can include, density, chemical resistance, and mechanical properties such as compressive and tensile strength.

These properties directly influence how the waste plastic material interacts with the environment such as the weather conditions, the materials such as the quality of bonding with cement, and the applied loading strength and long-term durability.
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Recent research into mortar has reinforcement has focused on using waste plastic as a partial replacement for fine aggregate. Researchers produce a control mortar first, then introduce plastic at different percentages or at different sizes. The majority of the time, besides the plastic the materials were the same and followed the same process to relevant standards including the main tests include workability, compressive strength and flexural strength ranging from fresh to the standard 28 days for curing. The most common plastics studied are PET, PP, HDPE, and PVC, with the aim of reducing landfill waste while partly replacing natural sand or conventional reinforcement.

A recent study is Vandhiyan Radhakrishnan (2025) who investigated recycled polypropylene plastic fibres in mortar made with limestone residue instead of the natural sand. This is important because the different material can have an impact on the way the plastic behaves. Two shapes were tested, straight and crimped, at 0.5%, 1%, 1.5% and 2% by weight of cement, however the size of the plastic fibres were the same at 20mm length and 0.45mm diameter. The mechanical strength assessments were conducted at 3, 7, 14, 28 and 91 days of curing. This included both a compressive and flexural test. Furthermore, a microstructural analysis was completed, to investigate how to plastic fibre interacts with the cement.

Another approach can be seen in Flores Nicolas et al. (2024), who studied recycled high-density polyethylene fibres in reinforced concrete. Unlike the previous study, sand sourced from a riverbed was used. An important factor to mention is that the plastic bottles were cleaned of contamination and were cut manually to two different lengths of 10mm and 30mm. Although the study was on concrete rather than mortar, it is still relevant because it shows the same pattern seen in mortar research. Compressive strength testing was completed after 7 and 28 days of curing.
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There is less current research into the prefabricated road decking material field, compared to the plastic reinforced mortar field, but in the last couple of years it has seen an increase. Some areas include modular panels that can be installed onto the surface of the road. Similar to the mortar testing the, the research investigates the structural strength of the panels and their durability to withstand constant cyclic loading from traffic above. Whilst differently, they are tested out in the environment to see how they would hold up to weather conditions.

One well known international example prefabricated road decking is the PlasticRoad concept that was developed and introduced in the Netherlands. The road was as designed as a lightweight hollow modular system that allows for easy access for maintenance and for services to be laid underneath. It was originally tested for applications with lighter loads such as cycle paths so that improtant factors such as the drainage and the settlement behaviour can be measured.

A relevant investigation into the field of the prefabricated decking conducted by Hossein Abdollahiparsa looks into how the moisture absorption effects the strength of reinforced thermoplastic composites. Whilst this does not directly look into road decking, the road decking needing to withstand all types of weather conditions is a fundamental need. For an accurate moisture absorption, the samples were placed in an oven to remove all the moisture. The weight of the materials was weighed before and afterwards, and the results did find that as the moisture content is increased the stiffness was decreased.

Another stand of research does not look at road decking; it however looks at a composite material used for prefabricated paving. These experiments look at making the paving slabs modular units, similar to the road decking, using a mixture of the waste plastic, and other materials such as sand. Then the performance of the slabs is the tested including the compressive strength, and abrasion resistant. These would not need to be built to withstand anyway near the force that the rood decking would need to be, but they would still have the same issue of withstanding cyclic loading.


A similar design and research have been conducted which looks into mixing the plastic within the asphalt layer of the road. The process looks at retiveing the wate material and processing into without changing the chemical composition.
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Something that was not tested during these experiments was how it actually held up in the environment and in diferent weather conditions. When plastic-reinforced mortar is exposed to weather, its long-term performance depends not only on the strength of the mortar itself, but also on how the plastic interacts with moisture, temperature changes, and repeated environmental stress. So, its durability under long-term weather exposure still needs careful testing before it can be relied on in more demanding conditions.

One of the main issues discovered by the research and experiments of the plastic reinforced mortar is the weak bond between cement paste and the plastic. Unlike sand, plastic is smooth and chemically less compatible with cement paste. This means the paste does not bond with the plastic surface as effectively.

A second problem that was revealed was that as waste plastic percentage was increased, the workability of the mortar drops, making it harder to mix and compact. In the Radhakrishnan et al. study, crimped fibres reduced workability more than straight fibres because their irregular form interfered more with flow. This matters because low workability can lead to voids, poor compaction and reduced final strength. So even when plastic fibres have the potential to improve compressive strength, too much waste plastic percentage may still produce a worse mortar overall.
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One issue that is worth mentioning, is that during use of the prefabricated roads, the materials will wear down slowly, just like any normal asphalt road. However, the issue is the damage the mocroplastics can have on the local environment as they work into the soil and watercourses.

An aspect of the prefabricated road decking is the moisture and environmental exposure. Research has shown that with the increase of moisture it can harm to properties of the plastic, such as decares the stiffness. With the road decking it can be exspoed to all sorts of weather conditions across the planet, and how it handles in the harsher regions whilst still doing its intended purpose is not an area that has been investigated much. Take for example, the PlasticRoad that was built in the Netherlands, where they do not have as extreme weather as other places. Another concern is how the UV will break down the plastic over its lifetime, as well as the fire resistance in the event for accidents.

A final area of concern is the loading and weight limits. Currently not all the traffic on the road are cars and bikes, there are HGV and sometimes oversized transports, that, if the road decking cannot withstand the weight, can affect the structural integrity.



4.0 Conclusion

The prefabricated road decking concept is innovative, especially from the view of a circular economy, where the plastic waste material is kept in use rather than being thrown.  With media reports frequently displaying plastic roads as an intelligent solution to both waste management and infrastructure challenges, and modular systems made from plastic can be lightweight, easily transportable, and quick to install, potentially minimizing traffic disruptions, in the case of emergency repairs. Many people still have concerns and more research and experiments are required. This is because they are a relatively new piece of infrastructure, so no one knows how the structural integrity will handle over the lifespan. A deck panel is not deemed effective simply because it is made from recycled materials; its effectiveness hinges on its ability to remain stiff, stable, and safe throughout its lifespan.

Waste plastic has a use in the construction industry, including as prefabricated road decking reinforcement in mortar. Compared to the age of plastic, these ideas are still relatively new, and the structural performance still is yet to be fully studied. Also, as more and more plastic enters our waterways, and oceans, helping to reduce it and then reusing it (circular economy) is essential.

With the mortar research shows that low percentages of plastic fibre inclusion do impact positively on the compressive strength, but how does that convert into lifespan compared against normal mortar. As stated, the main issue is the bonding between the plastic and cement, and it can cause cracks and voids which can be detrimental to the lifespan.

Finally, there is potential. Regarding mortars, further investigation into different plastic fibres, sizes and forms is needed to improve the bond between the plastic and cement. The future of the prefabricated road decking will fully depend on the further and larger scale testing, with more field and realm world data. The materials have to be used within their cabalities, we just don't fully know what those are.
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