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1.0 Introduction
In this assignment, one shall be evaluating plastics as a material for use in civil engineering projects. The main use that will be discussed throughout this assignment is the use of waste plastic materials in road construction. I will consider the different design methodologies of the roads and their incorporation on a national and international level. Finally, a critical evaluation will be included with the material's practicality, functionality, and future potential in the application of road construction. Reference will be made to professional opinion, both positive and negative.

2.0 Findings
Plastics
According to Rodriguez (2019), plastic is a polymeric material that has the capability of being moulded or shaped, usually by the application of heat and pressure. Plastics can be split up into many categories and have all different types of properties. The general properties that plastics have are being lightweight with a high strength-to-weight ratio, manufactured inexpensively and mass-produced, water-resistant, shock-resistant, thermally, and electrically insulating. Plastic is also highly malleable, has a low melting point, and can be moulded easily into basic or complex forms. This paragraph has focussed on plastics and their properties in general. The next paragraphs will include thermosetting, thermoplastic, and elastomeric polymers.
Thermoplastic
Osborne (2020) defines thermoplastics as “any plastic material that can be melted and reshaped repeatedly, often found in the form of pellets”. Since no chemical bonding takes place, the curing process is reversible which means that thermoplastics can be reused with minimal damage to its physical properties. 
There are many different types of thermoplastics such as polyethylene (PE), polyvinyl chloride (PVC), and polystyrene (PS), which have many different uses. The other groups of thermoplastics are fluoropolymers, polyesters, polyimides, and nylons. Fitzpatrick (2017) has provided me with information to complete the table below.





	Thermoplastics

	Type
	Properties
	Uses

	Nylon
	· Resists abrasion
· Self-lubricating
· Good fatigue resistance
	· Clothing
· Ropes
· Seat belts

	Acrylics
	· Impact strength
· Transparency
· Machinability
	· Goggles
· Windows
· Lenses

	Polyethylene
	· Strong
· Resists impact
· Chemically resistant
	· Buckets
· Toys
· Bottles

	PVC
	· Inexpensive
· Hard
· Good tensile strength
	· Floor tiles
· Hose pipes
· Cable coatings


 
[bookmark: _Hlk56771409]Below are some pictures of some common thermoplastics used in our everyday lives.
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Figure 1 – Picture showing an example of high-density polythene (Bottles)
[image: ]
Figure 2 – Picture showing an example of a thermoplastic (Lego)

Thermosetting
According to Helmenstine (2019), “A thermosetting plastic is a polymer that irreversibly becomes rigid when heated”. During manufacture, a chemical reaction takes place that cross-links the polymer chains, curing the plastic. Once the polymers have been through a process called curing which forms and solidifies the polymers, the plastic becomes “set”, hence the name thermoset.
There are many different types of thermosetting plastic such as epoxy resin, melamine-formaldehyde, polyester resin, and urea-formaldehyde. Savvy Chemist (2015) has provided me with information to complete the table below. 
	Thermosetting

	Type
	Properties
	Uses

	Epoxy resin
	· Good electrical insulator
· Hard
· Brittle unless reinforced
	· Casting and encapsulation
· Adhesives
· Bonding of other materials

	Melamine-formaldehyde
	· Stiff
· Strong
· Resists some chemicals
	· Laminates
· Electrical insulation
· Tableware

	Polyester resin
	· Stiff
· Hard
· Brittle unless laminated
	· Casting and encapsulation
· Bonding of other materials
· Packaging


	Urea-formaldehyde
	· Hard 
· Strong
· Good electrical insulator
	· Electrical fittings
· Handles and control knobs
· Adhesives



[bookmark: _Hlk56771422]Below are some pictures of some common thermosets used in our everyday lives.
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Figure 3 – Picture showing an example of a thermoset plastic (epoxy resin)
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Figure 4 – Picture showing an example of a thermoset plastic (Melamine)

Comparing Thermoplastic and Thermosetting Plastics
After discussing thermoplastic and thermosetting plastics, we can see the differences they have from properties to uses. They do both however have some similar properties like hardness, strength, and lightness. The use of these plastics is dependant on what the application is, however. Osborne (2019) states that Thermoset plastics are similar but stronger than thermoplastics due to their polymer’s molecular cross-linking which was mentioned before. The picture below can help to show how thermoset plastics are stronger on a smaller scale.
[image: Thermoplastic and thermoset]
[bookmark: _Hlk56771431]Figure 5 – Picture showing the difference between thermoplastic and thermosetting cross-links
Elastomeric plastics
The other type of plastic that I will discuss in this assignment is an elastomer. Gent (2019) states that an elastomer is “any rubbery material composed of long chainlike molecules, or polymers, that are capable of recovering their original shape after being stretched to great extents”. Molecules within elastomers are held together by weak intermolecular forces. These elastomers tend to exhibit low young’s modulus and high yield strength or high failure strain.
There are many types of elastomer plastics such as natural rubber, polyurethanes, silicone, and neoprene. The table below shows different elastomers with their properties and uses.
	Elastomers

	Type
	Properties
	Uses

	Natural Rubber
	· High tensile strength
· High resistance to fatigue
· Flexibility
	· Drive couplings
· Rubber bands
· Adhesives

	Polyurethanes
	· Good toughness
· Good flexibility
· Good tear strength
	· Adhesives
· Carpet underlay
· Rigid foam insulation panels

	Silicone
	· High weatherability
· Heat resistant
· Abrasion-resistant
	· Electrical coatings
· Sealants
· Gaskets

	Neoprene
	· Heat resistant
· Weather resistance
· Tear resistance
	· Wetsuits
· Electrical insulator
· Protective wear such as gloves



[bookmark: _Hlk56771437]Civil Engineering Uses
All the different plastics that have been discussed all have good properties that make them good for use in Civil Engineering projects. The many different uses can be decorative laminates, irrigation pipes, floor and wall coverings, roofing/soffits, guttering’s/drainage, electrics, and electronics and insulation materials. Plastics can be used in many uses that metals or other materials may not be suitable for.













[bookmark: _Hlk56771449]Plastics in Road Construction
The main point of this assignment is to discuss the use of non-recyclable plastics in road construction. This part of the assignment will show plastic road construction design methodologies and their incorporation on a national and international level.
MacRebur
MacRebur is the company stated in the assignment scenario. All facts will be referenced from the MacRebur official website. Resulting in research from India in 2006, The Department of Transport announced a £1.6 million UK trial of a plastic road technology which will be developed by the Scottish company MacRebur. The roads that these companies produce involve processing waste plastics and adding them into asphalt for road construction and surfacing to extend and enhance the bitumen (fossil fuel) binder. As quoted from the MacRebur website “With each km of road laid using our MR products, we use up the equivalent weight of 740,541 one time use plastic bags. 1 tonne of MacRebur mix contains the equivalent of 80,000 plastic bottles”. I think this is a very innovative and brilliant way to recycle plastics that would be destined for landfill or incineration.
A big advantage to their design is that the plastic roads look the same as regular asphalt and require no change in the installation process. There have been many uses of this type of road in motorways, roundabouts, airport runways, and racetracks. 
[image: ]
Figure 6 – Picture showing a plastic road from MacRebur

Nelson Boateng – Nelplast
Another company that I researched for this assignment is called Nelplast. Information on this company was provided from an article by Uys (2019). The company Nelplast Ghana Limited is turning plastic rubbish into stone-like pavement blocks that can be used to build new roads. At the factory, discarded plastic bags and other plastic waste is shredded down to fine threads and mixed with sand which creates a new take on traditional asphalt. This kind does not require much of a binding agent and adopts the physical resilience of the plastic within it. The focus of this project is to recycle plastic bags, but the big advantage is that “Nelplast can use just about any form of plastic waste to create their asphalt-like material”. 
[image: ]
Figure 7 – Picture showing a plastic waste road made by Nelplast
One of the minds behind Nelplast is Engineer Nelson Boateng. Boateng has over two decades of experience in the recycling technology world and played a big role in developing this material. “Boateng once built his own recycling machine out of scrap metal and co-founded Nelplast Ghana Limited to make a greater impact on the region’s plastic refuse problem”. As well as producing road networks with plastic, this company also manufactures durable roof tiles made from the same waste.
VolkerWessels
A company called KWS which is a subsidiary of VolkerWessels has developed a lightweight, durable, and modular design plastic road. All facts provided for this design methodology was provided from the official VolkerWessels site. Plastic waste is recycled into lightweight prefab elements with a hollow space which means they are easy to transport and construct. This type of plastic road construction is modular meaning it can be put together and can be replaced if damaged. The modular design cuts maintenance time and its lifespan is three times longer than that of conventional roads. The roads are also hollow which allows for room for cables, pipes, solar panels, and enough room to drain off water.
[image: ]
Figure 8 – Picture showing modular plastic road construction
The first Plastic Road pilot was two 30-metre stretches of cycle track in the Dutch towns of Zwolle and Giethoorn that were installed in 2018. It was the “World’s first smart cycling path”.
[image: Image Courtesy: Plastic Road]
Figure 9 – Picture showing a cycle path created using recycled plastic
By this company creating this type of plastic road, the production process becomes much cleaner, and “initial calculations indicate that transportation during installation is cut by 85% compared to conventional road construction”.
Plastic Roads in the UK
In an article by Tingle (2019), Tingle states that transport secretary Chris Grayling said that £22.9 million will be used to fund real-world tests across eight local authorities in Buckinghamshire, Bedfordshire, Cumbria, Staffordshire, Kent, Reading, Suffolk and Solihull and Birmingham. 
Some of the funding will be used to extend the existing plastic road trial in Cumbria, which involves turning waste plastic into small pellets which are then added into an asphalt mix in place of bitumen. This solution is said to increase the life span of traditional roads where potholes are a common defect.
[image: The solution is said to increase the life span of roads on which it is used. Pictured: A file photo of a pothole in a road ]
[bookmark: _Hlk56778724][bookmark: _Hlk56771464]Figure 10 – Picture showing potholes in a road
Critical Evaluation
In this task, one shall be evaluating plastics' practicality, functionality, and future potential in the application of road construction. Reference will be made to professional opinion from a positive and negative side.
My opinion on waste plastics in road construction
In my opinion, I believe plastics practicality and functionality in this application is very good. However, I believe it’s future potential in this application should be questioned. From the different design methodologies discussed in the previous task, it can be shown that plastic can be used in many different types of road construction, making it a very versatile material. The new plastic road by KWS is said to last 3x longer than traditional roads and is 100% circular, meaning that the modular piece of road will just be manufactured and reused again. The different examples that were shown have proven plastics functionality due to the technology being developed further on by different companies. This is a new innovative way in which we can recycle waste plastics and is proven by different companies that it can be used to create new and, in my opinion, better-looking roads. 
I also believe that waste plastics in this application are very practical. From my research into different designs, it can be shown that the manufacturing process for waste plastic roads is easier and quicker. For example, the modular design from KWS requires less transportation for the roads, as they are modular and can be prefabricated and delivered to the site and installed with ease. According to KWS, “the expected construction time of a new road will be reduced by approximately 70%”. Which in turn reduces the amount of heavy machinery needed, making the project much cheaper than usual.
Professional opinion on waste plastics in road construction
I completely agree that plastics’ practicality and functionality in this application are good, but I don’t know how good their future potential will be in this application. I’m not fully sure how well plastics practicality and functionality are, so to help me with these arguments, I will draw upon professional opinion. 
An article by Thiagarajan (2018), talks about the work of Dr. Rajagopalan Vasudevan who was honoured with one of India’s highest civilian awards, the Padma Shri, for his ground-breaking research on re-using waste plastics. Dr. Vasudevan found that molten plastic added to stone and a bitumen mix would bind both materials together very well, in turn creating a waste plastic road. Dr. Vasudevan says “When using plastic as a binder, we’re reducing the quantity of bitumen that is normally utilized for road laying by 6-8%”, “So, for every km, the plastic roads save as much as one tonne of bitumen”. This also backs up my point of saying that waste plastics' practicality and functionality is very high in this application. Dr. Vasudevan received a patent for this process in 2006 showing that this process is very effective. A very interesting fact that I came across in this article is that the amount of plastic produced in a year is roughly the same as the entire weight of humanity. This can be visually indicated in the graph below.
[image: ]
Figure 11 – Graph showing the amount of plastic produced in a year
In the same article by Thiagarajan (2018), Dr. Noreen Thomas said the process appeared to be an imaginative solution but cautioned that plastic waste is often a complex mix of materials, not all of which would work well with Dr. Vasudevan’s operations. Dr. Thomas has stated that there is always a risk when heating or burning mixed plastic waste. Dr. Thomas agrees that it is important to find more applications for mixed plastic waste, but to ensure that more environmental pollution is not created in doing so. Meaning that we can’t just create more plastic just because it is being used somewhere else, we need to find new ways to reuse, recycle, and reduce the amount of plastic that is being manufactured.
Another article by Jayaraman (2015) explained how much plastic pollution is in the world today and how “From 1950 to 2012, plastics growth averaged 8.7 percent per year, booming from 1.7 million tonnes to the nearly 300 million tonnes of today”. I find this fact so amazing and proves just how much plastic is used throughout the world. Though I do find it important to reuse, reduce and recycle all types of plastics to reduce pollution, the next part of this article showed how there might not be much future potential for plastics in road construction.
The author of this article has also given their reasons as to why they believe plastic road construction may be a problem. The first problem that was outlined was disposing of plastics in a safe, sustainable, and efficient way tends to take the focus off the steadily mounting plastic crisis, which in turn will increase plastic production. The author believes that “The sooner we admit that we need to phase out plastics, the sooner we will begin the earnest quest for alternatives”. One completely agrees with this point, as we are in a way ignoring the fact that plastic production is still increasing and will continue to do so if we are made to believe that there is a safe way of disposing of them. Another point made in the article is that only polypropylene (PP), polystyrene (PS) and polyethylene (PE) polymers can be used, and a polymer such as PVC (polyvinyl chloride or flex) cannot be used in the process. Jayaraman states that PVC cannot be used as when it is burned it will release harmful gases like hydrochloride acid. Though PVC is not allowed to be used, PP, PS, and PE plastics still release toxic gases when heated. Even though this process is reducing the amount of plastic pollution around us, it is still, unfortunately, creating air pollution. One of the arguments that should be taken from the article is microplastics. Over time, as the roads start to wear, the plastic too starts to break down into microplastics which will enter the environment. The article states that scientific studies have found more microplastics than plankton in oceans. Plankton are small organisms and to think that there are more microplastics than plankton makes you think how polluted the oceans are with plastics.

3.0	Conclusion
This assignment has discussed many important points on different types of plastics, applications for waste plastics, and a critical evaluation of the application of waste plastics. After researching extensively on waste plastics and their different applications, one would say that we should stop making new applications for waste plastics as we are just giving more reasons to increase the manufacture of plastics when we should be eradicating the manufacture. Though plastic is an important material in today’s society, we need to start using alternatives and be more innovative to create more sustainable materials that won’t have such a big effect on the environment around us. 
[image: ]
Figure 12 – Picture showing plastics polluting a beach
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