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Introduction
Plastics is one of the most versatile products of the 20th century, it can be found in almost all areas of industry from food packaging, to automotive technology and even the civil engineering industry, however Awoyera and Adesina (2020, p1-2) indicates that 300 million metric tons is made each year, with only 7% recycled and 8% incinerated, the rest is tipped directly into landfill and enters the environment. It has been suggested that perhaps changes to how we undertake civil engineering can help increase the amount recycled, through either changing the materials, or by trying to incorporate plastic waste into the process.

Plastics
The term plastic is an overarching term that describes a ‘synthetic or semi synthetic polymer’ (Helmenstine. A M, 2020). These polymers often have very similar characterises which can made then incredibly useful in the civil engineering industry. 
	Plastics often fall into one of 3 categorises. These are:
1. Thermosetting
2. Thermoplastic
3. Elastomeric Polymers

Thermosetting plastic is often described as ‘is a polymer that irreversibly becomes rigid when heated.’ (Helmenstine. A M, 2020). Due to this the material is incredibly strong as the process of cooling cross links the polymer chains. This plastic has a very high strength of weight ratio, is highly resistant to chemical attack and is resistant to heat. Typical Thermosetting plastics are;
· Phenolic Resins
· Amino Resins
· Polyester Resins.
A typical use in the civil engineering can be to laminate wood, or as an encapsulating agent in underground electrical jointing work. This makes use of thehigh strength, chemical resistance, non conductivity and heat resistance of the Thermosetting plastic.

Thermoplastic Polymers are very similar to Thermosetting, however unlike Thermosetting this material can be returned to a ‘plastic’ or molten state through reheating. This ability to return to a plastic state makes Thermoplastic one of the more common plastic materials used around the world. Typical Thermoplastic polymers are;
· Polycarbonates
· Polyvinyl Chloride (PVC)
· Polypropylene (PP)
· Polytetrafluoroethylene (PTFE)
· Ethylene Tetrafluoroethylene  (ETFE)
Like Thermosetting these materials have a very high impact strength ratio to weight, they are both chemically resistant and very poor conductors of electricity. However with the exception of ETFE they are susceptible to deformation under heat. Thermoplastic materials such as PVC have found a wide usage within the civil engineering industry due to the properties above, especially as a replacement for ceramic or concrete pipes, which are susceptible to chemical attack, or are extremely heavy which makes their installation very difficult. It is also commonly used as a mounding material on site for builders to cast concrete maintenance holes, or gully drainage systems.

Elastomeric Polymers however are called such due to their elastic properties. Due to the elastic nature of the material they are often called Rubber. Due to their low impact strength, and high flexibility these materials are not used where rigid strength is required, they are often used as gaskets or seals or in flexible piping. However recent developments with Elastomeric materials are seeing the material used as a potential replacement for kerb stones due their elastic nature.



Use of Recycled Plastics in Construction
Due to their versatility plastics are extremely important in the civil engineering industry and this ‘serves as the backbone of every nation…a major contributor to its economy’ Awoyera and Adesina (2020, p3). Plastic does have its limitations, Thermosetting plastics can only be used once, it is unable to be reused due to the cross linking, when compared to Thermoplastic. Also with the wide range of different types of polymers available each with their own individual characteristics it is important that the correct material is chosen to ‘satisfy both the mechanical and durability properties of the intended application’ Awoyera and Adesina (2020, p4). This is especially important as properties of plastics can easily be changed from one to another with the inclusion of additives. These additives can make Thermoplastic heat resistant (PTFE) or they can be used to change the transparently of a plastic polymer, an example of this is Polycarbonate can be and is often used as a replacement for glass in areas where impact resistance, chemical resistance and heat resistance is required (i.e. Bus Shelters).
Given the wide array of different plastics and their properties, the ability to source plastic polymers has created an environmental especially assuming that a large majority is not recycled, it has been proposed that civil engineering is a potential answer to the worlds issue of plastic at landfill.
In order to discuss and evaluate if this is feasible, this will be explored in the below specifications;
1. Fully Modular Plastic Road Sections
2. Waste Plastic as additive/replacement for aggregate in Road Construction and Concrete

Plastic Roads - Fully Modular Plastic Sections
A proposed concept that is currently being piloted in Zwoole and Geithoorn in the Netherlands is a Plastic Road. The concept is that plastic waste is recycled, heated and compressed (ref video) which then goes through a moulding process to produce a fully modular road section. (Fourtane, 2019) indicates that this would be a lightweight method of using prefabricated sections, which would be faster to install, has a much longer lifespan and makes the claim that the road is impervious to weather conditions. The concept also shows that the design makes use of a hollow structure to allow installation of utilities drainage (see image 1).
[image: ]
Image 1 – (https://www.plasticroad.eu/en/#1476610247043-1982359f-d929136d-4c53, no date)

This type of construction would theoretically have several advantages over traditional asphalt tarmac construction in that it could easily be removed in sections, and as stated on (https://www.plasticroad.eu/en/#1476610247043-1982359f-d929136d-4c53, no date) the modules themselves can be introduced back into the recycling system. This system could be installed quickly, and since the modules would be 100% plastic it would take a large amount of plastic from landfill.
	However there are also several large design concerns or potential problems. The Plastic road sections would be placed ‘directly onto a surface of sand.’ (https://www.plasticroad.eu/en/#1476610247043-1982359f-d929136d-4c53, no date). This is concerning on several points as one of the design concepts is that the hallow nature of the road allows for water to drain, preventing flooding, without a stabilised foundation the sand could simply wash away. This in turn would create void spots.
	This would then be further compounded by the hollow nature of the road sections, as there would be serious concerns regarding the load baring capacities of the road. As shown in image 1 there are approximately 4 small channels running down where the full compressive loading from the vehicles would be held. Since these sections would be plastic and we have already determined that thermoplastic can be affected by organic compounds, what the plastic was used for previously could have a serious detrimental effect on the stability of the plastic, so product control would be a large concern. Also the maintenance of Utility lines that would be installed would be a concern (i.e. access as plastic could not be excavated in traditional manner, would require a whole new methodolody surrounding maintenance of utilities under highway structures)...
	Overall the design using Thermoplastic to make modular plastic road is interesting, however as indicated by (Fourtane, 2019) the pilots are currently been trailed along cycle paths in the Netherlands, where cycling is the main mode of transport, additional research would need to be required in order to determine how the road would fair in a busy built up city, or to HGV traffic on a main infrastructure route such as the M4.


Case Study 2 – Using Plastic as an Aggregate Replacer
	Numerous ways have been proposed to use plastic compounds as a replacement for stone aggregate in both road construction and concrete. Both of these proposals have their advantages, and their own individual disadvantages.
	The Scottish company MacRebur have proposed utilising waste plastic which has been processed as outlined by the process  indicated by White and Gordon (2018, pp4) the plastic materials are cleaned, and then the thermoplastic waste is melted down where they are reproduced as pallets for ease of transportation. In the process of application these pallets are mixed with the bitumen moisture in which they combine with the hydrocarbon asphalt mixture to be applied in a similar fashion to normal tarmac.
	The obvious advantage of using plastic in this manner is the potential amount of waste plastic that could be processed in this manner; there are hundreds of miles of road construction infrastructure throughout the UK. As such road construction makes up a significant element of civil engineering work. This coupled with the square meter potential of lying the tarmac surface would result in a large reduction to the amount of waste plastic in circulation. Also utilizing the process outlined by MacRebur is relatively low cost, and easy to accomplish in large quantities.
	However there are several obsticals to utilising plastic in this manner. Firstly is ensuring that the plastic utilized did not compromise the strength, durability or expected life of the material in question, especially since maintenance costs and potholes is a major problem with highway infrastructure. The following British Standards outline the specifications for bituminous road construction;
· BS EN 13108-5:2016 
· BE EN-13108-1:2016 






Research outlined by MacRuber indicates that their asphalt/plastic mix actually outperforms normal asphalt mix used on roads.
	Property
	Straight 40/60
	6% MR6
	6% MR8
	6% MR10
	Limits
	Units

	Stiffness Modulus
	1,823
	5,438
	4,032
	6,451
	Report Only
	MPa

	Moisture Damage
	94.8
	>100.0
	85.0
	86.0
	Report Only
	%

	Rut Depth
	3.1
	1.3
	2.6
	2.0
	Report Only
	mm

	Rut Rate
	0.11
	0.03
	0.07
	0.05
	<1.00
	Mm/10 cycles

	Fracture Toughness
	23.8
	29.1
	25.8
	27.6
	Report Only
	N/mm3/2


Table 1 – (Sasidharan, Eskandari and Burrow (2019, pp13))
The above table shows the products MR6, MR8 and MR10, these are the different types of products that MacRebur uses, as they use different types of waste plastic material they are suited to different areas of road infrastructure. As indicated on (https://www.macrebur.com/the-product (no date)) MR6 is designed for intersections on slow moving areas, or for heavy vehicles, the main feature being deformation resistance, MR8 is suited for more general use roads such as car parks and local roads, meanwhile MR10 is ideally suited for high speed/high volume Trunk Roads where the products durability is key. 
These findings were also supported by Sasidharan, Eskandari and Burrow (2019, pp2) who determined that utilising very low percentages of waste plastics as a modifier would substantially improve the strength, impact resistance and expected life cycle of the road, which in turn would provide better cost savings in addition to sustainability by recycling waste plastics. 
	According to Sasidharan, Eskandari and Burrow (2019, pp5-6) there are 2 methods to using this process, the dry process or wet process. The dry process states that recycled plastic is shredded and added to the hot aggregate, it also indicates that the waste should be no more than 2-3mm to allow for workability of the mixture. This is then added to the aggregate and heated to 170C. This process creates a plastic lining around the aggregates. The wet process however suggests that the waste plastic is added as a powder and is mixed directly with the bitumen product. It is important to note that this is not the process that is used by MacRuber, who utilizes plastic pellets.
According to Sasidharan, Eskandari and Burrow (2019, pp7) there are several obstacles that would need to be additionally investigated, firstly health and environmental hazards. Due to the plastic being melted, and then added into the asphalt mix, this would then in turn find its way into road construction. This could as the plastic breaks down release potentially toxic compounds into environment, or there is the possibility that when mixing the hot tarmac onto a construction site workers would be suspect able to ‘hazardous chlorine based gases’ Sasidharan, Eskandari and Burrow (2019, pp7). However they also indicate that at any leeching of toxic chemicals or generation of gasses were negligible or would not have any ill effects.

Another proposal would be to include Waste Plastic as an aggregate within concrete. This would allow for the utilisation of waste plastic in a sustainable manner while reducing the amount of materials that would be collected from natural sources (i.e. aggregate). 
As indicated by Awoyera and Adesina (2020, p4) a study showed that including waste plastic as fibres had the affect of improving the mechanical behaviour of concrete beams, and did not significantly reduce the failure mode, it was also determined that ‘fibrillated polypropylene fibres had no obvious effect on the compressive strength of concrete…enhanced the energy absorption and toughness characteristics’ (Siddiue, Khatib and Kaur (2007).
	However findings have indicated that using recycled plastic waste does have an effect on the compressive strength of concrete, ‘the use of PW as aggregate resulted in a decrease in compressive strength of concrete mixtures.’ (Awoyera and Adesina (2020, p6) and ‘Compressive strength decreased with increase in aggregate content.’ (Siddique, Khatib and Kaur (2007). The decrease in compressive strength can be explained by the plastic material it’s self, firstly its physical strength less than rock aggregate used in concrete, and as indicated by Awoyera and Adesina (2020, p6) is a result of the poor bond between the plastic and the cement, which is due to the smooth texture surface of plastic, while this could be altered by treating the plastic with chemical and scoring the surface, this would only in turn increase costs, and potentially introduce chemicals which could in turn affect the stability of the concrete. It is also important to note that the stability of the plastic compound would be directly affected by the previous use of the material.


Conclusion
	‘Plastics play a significant role in our society’ Awoyera and Adesina (2020, p6) and we can only expect this to increase as development continues. However we as humans must be more aware and start to take steps to try and minimise the impact to the environment by recycling. As outlined above there are many ways this can be done, and the above is by far not an exhortative list. It can be determined that we in the UK are trailing behind many international countries, many that would be considered to be less developed countries.
An example of this is that in India, instead of utilising plastic as an aggregate replacer, or as an additive, they are using shredded plastic to make sand/plastic composite bricks, paving slabs or even roof tiles as shown in EarthTitan (2019). A possible reason for this advancement in recycling is that waste plastic in these countries is an ever present threat, or problem, instead of having landfill sites that are out of sight, in India waste plastic can often be found on the side of the street. This has necessitated the need to utilise any and all materials available. As such it could be that the UK and more developed countries could utilize waste plastic in this manner.
However this is not to say that the UK is trailing behind in the utilization of waste plastic materials. An example of a successful utilization of recycled Elastomeric Polymer is replacement of concrete kerbs with recycled rubber kerbs. These kerbs have similar properties to concrete in that they are durable, however due to their elastic nature instead of cracking or breaking the rubber deforms on impact. This and their design (bolt down onto existing road surface) has led to them being used on an ever increasing amount of civil engineering projects, sometimes in areas which would not have been their designed use, (i.e. utilising rubber kerbs instead of concrete kerbs for sports facilities (Long Jump Pit)).
On the other hand, Awoyera and Adesina (2020, p8) indicates that their are limitations on using plastic as a recycled material in that it can be contaminated with other materials which would make it unusable (i.e. Organic components). By using the recycled product these inherent weaknesses would be adopted by the new material or product. 
However is it also important to note that we need to start adopting a more sustainable world, ‘construction applications will solve both the solid waste management problem and depleting raw materials…use of PW in different construction applications supports the sustainability trend of a circular economy’ Awoyera and Adesina (2020, p9). In conclusion plastic as a material is here to stay, however it is important that we as humans choose wisely how this will be recycled, and make sure that we do not inadvertently cause a potential problem or our children, or future generations.
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