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[bookmark: _Toc218604250]Introduction
The integration of plastic waste as a suitable substitution in road construction and mortar mixes has become increasingly popular, with more countries initiating trials. With founding research being found all the way from India in 2006, development whether waste plastic material can be used as a type of material inclusion in various aspect in the construction industries has massively improved. This had led to countries such as the UK where The Department of Transport have started doing their own trials with collaboration with Scottish company MacRebur. This document will go into detail about the effects of waste plastic materials when it comes to it’s physical and mechanical properties. It will discuss the various benefits and limitations when it comes to their mechanical and physical properties.
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[image: About us | WRAP - The Waste and Resources Action Programme]Trials on how to reduce the amount of waste plastic being produced are being done to help achieve the aim of making the country more sustainable and environmentally friendly. Organisation such as The Waste and Resource Action Programme (WRAP) a global environmental action NGO works with local businesses and governments to transform broken product (plastic waste) to create “Circular Living” and other to try find a viable and sustainable solution to reduce the amount of plastic being sent to landfill. (WRAP, 2025 B)

[bookmark: _Toc218604252]Road Construction
The use of waste plastic material as a partial substitute as an aggregate is still relatively new to the construction industry. Trials and experiments from around the world have shown positive results when it has been incorporated in the road construction sector. Although most results are collected from labs, data collected has shown that when a small percentage of aggregates are replaced with plastic and are mixed with bitumen (asphalt binder) there was an improved performance in the pavement stability, strength, and durability. Although there has been good progress in research, there is still little data collected from trials where this type of road construction has been used on the field long term. (Sasidharan. M et al 2019).
[image: Road building]
(MacRebur n.d)
Image showing a pile of shredded plastic that MacRebur uses for their products.

There are 3 main groups of plastics where only two are found to be suitable form of waste material in road construction, these are Thermosetting plastic and Thermoplastic. (Nantel. A 2025 A) Each group has it owns physical and mechanical properties that can be beneficial depending on the purpose of the road being constructed, whether this may be a motorway with high volume of traffic or a simple bike lane. Thermoplastic can be 100% recycled but using lots of energy to remanufacture to a different product, that’s why along with the use of thermosetting plastic they can be shredded to an intended size suitable for the construction industry. For road construction The National Rural Roads Development Agency indicates that the preferable size that the waste plastic should be shredded at is around 2-3mm for a better bind on the aggregate. Depending on the type of method used for road construction (wet or dry) an additional method may be needed to get the required mix. The amount of energy needed to shred the huge amount of plastic to its required sizes creates the debate of whether it’s sustainable for road construction. (Sasidharan. M et al 2019).

In the dry process, shredded plastic with a size of 2-3mm is mixed and added to the hot aggregate. It is recommended that any impurities in the mix should not exceed 1%. At 170ºC the aggregates and plastic are heated.  The plastic melts to form a coating around the aggregate. Bitumen used is heated to 160ºC and is mixed with the plastic-coated aggregate to be used for road construction. (Sasidharan. M et al 2019).
For the Wet process instead of using shredded plastic, they are processed even further to a powder and is directly mixed with bitumen before adding them to the aggregates. This help ensures that there is an even mix of the materials used. This method is done at a range of temperatures from 155 ºC to 165 ºC. With the addition of processing to get the powder form, the question whether this method is energy efficient comes into the equation. (Sasidharan. M et al 2019). 
Today, Scottish company MacRebur has been trying to incorporate plastic in Roads around the world. This is to help reach the goal of reducing the amount of plastic produced to tackle Climate Change. Their products called MR6 and MR8 are being used for their high-performance to replace or reduce the amount of bitumen needed in asphalt mixes. (The Scottish Government 2025). MR6 is manufactured from a mix of polymers and is designed to replace polymer-modified bitumen and reduce deformation failures while increasing stiffness. MR8 is designed to reduce the overall bitumen content needed and to extend the binder in any asphalt mix. This product is used as a direct replacement for net binder and is typically used in a dry mix. (MacRebur, 2025). Both products have been seen to reduce carbon emissions and have been cost effective for asphalt producers. Today the company is a representative for the UK Government and has achieve key awards for their products. (The Scottish Government, 2025).
The first cycle path made entirely of recycled plastic was built in 2018 in Zwolle, Netherlands. The Plastic Road Project consisting of industry leaders KWS and Waving and Total managed to produce a 30m long path that contains recycled plastic equivalent of more than 218,000 plastic cups. (Wavin, n.d). It is built using “modular components” that are prefabricated in factories. 
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(Dermentzi. M, 2018)
It’s described as a “Lego-like” road system that has hollow spaces inside that can host cables, pipelines, and rainwater for prevention of flooding. The use of prefabricated components that attaches like Lego-blocks and the use of sensors in each components allows maintenance and replacement of a damage section much easier where it can be done overnight. It is expected to have a lifetime three times longer than modern roads, it’s composition and structure reduces the risks of any cracks and potholes occurring, and it is expected to be able to hold any loads. With the project still relatively new, it is still being developed to this day to identify any improvements needed. (Dermentzi. M, 2018).
The use of prefabricated components manufactured in factories contains various benefits shown in the project constructed in the Netherlands. Benefits such as a faster construction time, fast maintenance, sustainable with the use of recycled materials that are impermeable in nature sustainable drainage systems can be utilised to direct the flow of rainwater thus preventing flooding. (Dementzi. M, 2018).
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The use of waste plastic materials as a reinforcing material for mortars has seen an increase in research whether they would be suitable. In mortar mixes the addition of reinforcing material incorporates the use of high-strength fibres into the mix helps improve the structural performance. Research has shown an increase in strength and deformability. (ScienceDirect, n.d). Organisation such as the Global Concrete and Cement Association (gcca) have set out a goal to make concrete more sustainable, economic, social and environmentally friendly. This gives countries more pressure to find innovative ways to make concrete more sustainable. (gcca, 2025). 
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(Mouats. W et al (2021)
Recent research when plastic fibres such as polypropylene (PE) were used as a reinforcing material in a mortar mix, has shown there were various effects on the mechanical properties of the finished concrete. It is best to note that most research that uses waste plastic as plastic fibres for reinforcement is mostly done in labs and lacks data used in the field. 
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(Mouats. W et al (2021)
The graph above shows that as more plastic waste fibres were added into the mix it resulted in a decrease of density in fresh mortars. This is because of the lightweight nature of plastic fibres. This can have a massive effect on the concrete mechanical properties which can lead to a decrease in both compressive, tensile and flexural strength while also lowering its durability and being prone to cracks occurring. (Mouats. W et al (2021).
	Compressive strength test
	Flexural Tensile Strength Test
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(Mouats. W et al (2021)
The Graphs above shows the results after performing a compressive and flexural tensile strength test. It shows multiple tests were taken on the mortar mixes created and is determined by the age of curing process, and the amount of plastic was incorporated into the mix. For compressive strength as the number of plastic fibres were incorporated into the mix increases, the concrete compressive strength decreased, and a similar pattern can be observed at different age of the curing process. The main issue that can be highlighted from this result is the poor bond between the mix and the plastic fibres. For the flexural tensile strength test, when introducing plastic waste fibres into the mortar an increase in its flexural tensile strength can be observed. As the amount increases so did the flexural tensile strength. (Mouats. W et al (2021).
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The fibres prevented the propagation of cracks which delayed the collapse. The rupture of the processed progressed with bending hence without the sudden collapse of the concrete. Recent research has also shown that due to the physical and mechanical properties of the plastic fibres there was a decrease in chloride penetration and had a good resistance when tested against chemical. This allows the use of concrete/mortar mix to be done in more acidic environments (Mouats. W et al (2021).
[bookmark: _Toc218604254]Problems that have occurred 
In recent research various problems have been identified when waste plastic materials have been used as a substitute material. Various types of plastic contain fire resistant properties while some is very flammable which can be a massive issue during a fire. Some contains high volume of C02 and in some cases when burned releases carbon monoxide. 
Most plastic are water resistant making them impermeable. In concrete mix this can cause internal bleeding in the concrete leading to a reduction in bond, which leads to lower strength and durability. (Nantel. A (2025 A).
Other problems noted is the amount of energy being used sorting, shredding, and melting plastics to its desired size and shape. In road construction the desired materials physical aspect is important in ensuring that the mix whether in dry or wet process is achieve for a desired mix. If the size of the aggregate is wrong, it can influence the bind when the plastic is melted and it starts to spread and coat the aggregate. (Sasidharan. M et al 2019).
Mechanical properties of recycled plastics can also be affected by its previous history, by their method of fabrication, post-treatment, or age of the finished article. This can have a bigger impact on thermosetting plastics. Re-using and even exposing the material to various process such as pre-fabrication, wet and dry process have a massive impact. It may result in a finished product with a lower quality due to poor physical and mechanical properties in the plastic.
For prefabricated works, limitations such as the cost and the effects of this type of construction on recycled plastics when it comes to their physical and mechanical properties should not be ignored. The question also being asked whether this type of road construction is reliable due to it being relatively new and the lack of known data supporting its life span and other key properties PlasticRoad have mentioned. It is also important to consider whether this type of construction is sustainable when it comes to how much energy it needs to create the materials needed for each component.
[bookmark: _Toc218604255]Bind
With the various types of plastic waste being tested for both road construction and mortar mix the main problems that have occurred is the result of poor bind. Whether the type of plastic used is thermosetting or thermoplastic it can change the mechanical properties of the mix. In Road construction when there is a poor adhesion/compatibility between the plastic and materials such as bitumen along with other aggregates it can cause problems such as phase separation, cracking, a reduce in mechanical strength, and a reduction in its durability. 
In mortar mixes its due to the larger surface area of the plastic fibre and the hydrophobic nature of some plastics. The large surface area reduces the workability of the mix which reduces its slump and leads to a reduction in compressive strength shown in the research above. (Mouats. W et al (2021).



[bookmark: _Toc218604256]Ways of mitigating the problem
The use of various additives such as flame retardants on plastic that is flammable can be used. The use of additives in plastic can help alter their properties to get the desired ones. This can be used to make plastic much easier to process which leads to a reduction in energy needed during processes such as pre-fabrication or during treatment. (Nantel. A (2025 A).
For Wet and dry processes, the use of chemical additives or compatibilizers and careful control of mixing temperatures and proportions can help improve the bind between the waste plastic materials and other materials such as the aggregate or with the bitumen.
For mortar mix with plastic fibres the use of superplasticisers or water-reducing admixtures can help improve the quality of the mix, help improve the concrete strength, and reduces the amount of water needed improving both the bind and the workability of the mix. (Designing Buildings, (2020).

[bookmark: _Toc218604257]Critical analysis of the materials practicality and functionality 
There is no denying that the use of plastic waste as either a reinforcement in mortar or a partial substitute in aggregate in road construction comes with various benefits for the construction industry. As seen in the various case studies in this report the ability to be able to choose a type of plastic (thermosetting or thermoset) that has a particular property can have a massive benefit on certain uses and creates various idea of what other innovative ways recycled plastic can be utilised. Shredding plastic into it’s intended sizes instead of burning in a landfill is a great way of tackling current issues.
Plastic waste is a great material to utilise certain mechanical properties it contains. In mortar as a reinforcement using plastic fibres, it reduces the compressive strength of concrete, but it balances it out by improving its flexural tensile strength. This improvement in the concrete mechanical property can be utilised elsewhere. This gives the ability to create a desired mix, that can be designed to achieve its fitness of purpose. In road construction the fact that certain plastics are impermeable allows the use of innovative designs such as sustainable drainage systems where it allows to sustainable prevent flooding whilst improving water quality. Recent research has shown not only does replacing a partial amount of aggregate with the waste material save money, but it can help improve certain mechanical properties such as the pavement overall strength, stiffness, and durability allowing it to be used in bigger projects that acquire materials to resist high volume of loads such as highways.
Though some limitations have been identified such as lack of data regarding life span and durability when being used constantly due to trials still being new. With the opinions from the media saying that the use of waste plastic materials in various industries is a step in the right direction in helping tackle the problem. Some however, are concerned on whether small plastic particles can “find their way into the living environment due to heat, wear and run-off”. (Boffey. D 2018).  With still a lack of regulatory framework from BSI and ISO surrounding how waste plastic materials should be sustainable treated and used in various industries, as time progresses the development of plastic waste as a sustainable material can prove to be beneficial.
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