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1.0 Introduction

Plastic is one of and if not the most used material in the world, it has thousands of uses and it is widely known for its versatility and practical indestructability which is unmatched compared to any other material in the synthetic world. Over 6.5 billion tons of plastic waste has been produced yearly.

This needs to change, and the department of transport came up with a small solution to this, they decided to trial how they can put recycled plastic into concrete as an aggregate, this would hugely increase the recycling of hard plastics and put them into superior use as they are the perfect aggregate for concrete. A company called MacRebur decided to trial a £1.6 million project to contribute to this type of recycling.

The growth of the use of plastic has been beneficial to us. This is due to the extreme versatility and ability to be tailored to meet the specific needs of what its being used for. Its light, very durable with a superior resistance to corrosion, its easy to install, it has got fantastic thermal and insulating properties along with it being very cheap compared to other materials, its maintenance free and recyclable.

The disadvantages are that plastics have a low bonding property, so the strength of the concrete gets reduced especially the compressive, tensile and flexural strength of it. It also has a low melting point to it cannot be used in furnaces because it melts as soon as it comes into impact with the high burning temperatures 







2.0 Evaluation of Recent Research Projects

My evaluation will be of a research paper by Malaysian Civil Engineers (T.S.J. Edmund et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 357 012018) which is a paper on Waste Plastic as a Partial Replacement for Aggregates and all information I talk about will be cited from this paper.

In their introduction they talk about how plastic has become a major problem effecting the environment and how waste plastic is only increasing yearly. They then say how recycling the plastic into useful products maybe the only answer in reducing the waste. They go onto how their country, Malaysia, is the worst country in the world for plastic waste and in order to change this they need to motivate researchers and engineers to start using plastic waste as a critical material for construction. 

Jaffe et al (2015) decided to use High Density Polyethylene (HDPE) as a replacement for the fine aggregates in concrete, he realised through research of this that the more HDPE aggregate he used in the concrete mixtures, the poorer the concretes compressive strength becomes. 

Ghernouti et al (2009) found plastic bags had been rejected into nature so he studied on applying plastic bags to replace the fine aggregate of concrete, then Amalu et al (2016) investigated using recycled plastic materials to replace fine aggregates with the concrete being grade M20 as it’s the most used concrete in construction. 

Ramadevi and Manchu (2012) elaborated on this and found 12.3% of waste plastic was able to replace sand as aggregate for concrete. It was discovered that in tests for properties of concrete like the slump test, density, tensile strength, compressive strength and split tensile tests could determine how well the plastic waste could replace the fine aggregates

Firstly, they did a slump test, a slump test measures the consistency of fresh concrete before the concrete sets, the slump test was done by numerous engineers, Ghernouti et al (2009) determined replacing 10,20,30 and 40% of sand by using plastic bag waste had increased the fluidity of concrete which gave the concrete a smoother surface than sand. Numerous others did the test and found the same results, this increased the workability of the concrete due to the plastic not being able to absorb water, so the concrete was a lot more freely moving compared to the sand aggregate, so it shows that the slump test results went successfully for the engineers.

Next, they did the compressive strength test, this is to test the maximum compressive load a material can bear before fracturing, Amalu et al (2016) tested this and found that a decrease in compressive strength increasing plastic percentage to 10% and 20% has a strong compressive strength but when it was increased to 30% it became unusually weak and brittle and broke easily.

After that, they did the Bulk Density test, the bulk density is the mass of fresh concrete required to fill a container of unit volume and reflects the ability of concrete to function for structure support, water movement and durability, it calculates the yield of concrete per m3. Ghernouti et al (2009) determined that the bulk density of a concrete cube after 28 days had shown that when containing a high plastic waste percentage, the density would be lower. They found that a concrete cube containing 40% plastic waste, weighs much less than aggregates like sand by a 70% margin.

Next, they did the split tensile strength test, which is a method of determining the tensile strength of concrete using a cylinder which splits the vertical diameter, Jaffe et al., (2015) replaced 20% of fine aggregates with plastic and found increased splitting tensile strength
compare to the control sample but after that they replaced more than 30% with plastic and saw it started to decrease.

Finally, they did a flexural strength test which shows how much an unreinforced concrete beam or slab can resist failure in bending. Amalu et al (2016) found that increasing the ratio of waste plastic would decrease the flexural strength of the concrete, and he found replacing 25% of sand with plastic shows the lowest value of flexural strength.

Next as they go onto chapter 3, they begin with stating that they have also thought and researched another method of recycling which would see the plastic type called Polystyrene Polymer waste be used as a replacement for coarse aggregates which is a very plausible idea. They also did tests to prove if this would work.

A compressive strength test was done by S. Vanitha, V. Natrajanand M. Praba (2015) and they showed that the strength decreased as the percentage of the plastic increased with a maximum of 26.6n/mm2 and a minimum of 14n/mm2. Md. Golam Kibria, Osikur Rahaman, Md. Ferdous Wahid and Abdus s Salam (2017) did the same test and found that the compressive strength value for the polystyrene polymer replacing the coarse aggregate had a 955-psi value around 6.59n/mm2 which shows us that as the percentage of plastic waste increases, the compressive strength will decrease due to a poor bond between cement and polymer

Finally, they conducted the slump test which showed that the consistency of the mix had different ability properties of finish ability, compatibility, place, mobility and stability ability. Ghernouti et al (2012) Showed the percentage of plastic when increased improved fluidity as well from a minimum of 5cm to a maximum of 11cm.

In their conclusion they state that the biggest conclusion is that the compressive strength of all concrete involving plastic as an aggregate will be significantly lower compared to other aggregates, and that when you increase plastic percentage the strength of concrete decreases. They also concluded through the slump test that it provides a much smoother finish compared to aggregates, and with the bulk test they found that it was a much lighter concrete compared to others which made it a good platform to produce a lightweight product. Another huge conclusion that they made was that plastic was a far better fine aggregate substitution compared to substituting coarse aggregates as most of the results for fine aggregates were positive whereas coarse aggregate results were rather negative in comparison.

So, in conclusion its far more recommended to use plastic to partially replace fine aggregate instead of coarse aggregates and it’s recommended to use plasticizer to enhance the outcome of plastic concrete

3.0 Application within road construction
For the application of waste plastics in road construction I found a paper by (Sasidharan, M., Eskandari Torbaghan, M., & Burrow, M. P. N. (2019) which gives lots of information on the international usage of waste plastic within road construction.

The plan to use waste plastic in road construction is a new idea and has been tested within laboratories with small amounts of plastic (10%) being incorporated into bituminous mixes which has resulted in improved pavement stability and strength. However international use of plastics in road construction is quite rare, there are examples of it used in the UK, India, Some European countries and Africa. Although it has been shown that it gives good longevity, it’s hard to judge as the first time it was applied was only 13 years ago so it’s hard to judge the long-term results. 

International Case Study
The country where we can gather the most application of plastics in roads is from India, India has promoted the use of waste plastic in bituminous mixes for its national highways and rural roads and has approved the default mode of periodic renewal with mixes for roads being this method for any roads within 50km periphery of urban areas with more than 500,000 population (Government of India, 2015; National Rural Roads Development Agency, 2019). In India, since 2002 waste plastic has been used to construct more than 2500 km of roads which are functioning well without potholes, Ravelling and rutting for up to 10 years. Poor binding between the aggregates and bitumen is one of the reasons for the current defects in the roads, but binding between plastic coated aggregates and bitumen has shown stronger and more successful results (Vasudevan et al., 2012; Mishra and Gupta, 2018) 

National Case Study
In the UK, a company called MacRebur has developed solutions of using waste plastic within asphalt for surfacing and road construction (White and Reid, 2017; White and Reid, 2018; White, 2019). MacRebur decided to put the waste plastic into asphalt instead of bitumen and use this while resurfacing the A689 near Sedgefield and for runways at Carlisle airport in the UK. MacRebur also helped construct roads in the USA and Australia and is currently constructing South Africa’s first plastic road. MacRebur are the only global commercially used technologists for waste plastic within road construction.

4.0 Construction Methods

There are two methods for constructing the waste plastic road mixes, these are the dry process and wet process. The dry process is considered to be the more economical and environmentally friendly option compared to the wet process as it requires machinery and large investment which makes it less used (Mishra and Gupta, 2018)
The Dry Process 
In the dry process, the waste plastic is processed and is then shredded and added into the hot aggregate. The shredded plastic size should be preferably 2-3mm for better spread and coating on the aggregate. There should be less than 1% in impurities, The shredded plastic should then be added to the aggregate and should be heated to 170 degrees. The shredded plastic will then soften and melt to form a coating around the aggregates (Sahu and Singh, 2016). The bitumen is then also heated to 160 degrees and the plastic-coated aggregates are mixed with the bitumen to make it ready for road construction.

The Wet Process
In the wet process, the processed waste plastic is in a powdered form and is added to the hot bitumen before adding to the aggregates, there must be an even mix of plastic and bitumen and the temperature must be 165 degrees (Asare et al., 2019). Sahu and Singh (2016) and Asare et al. (2019).

Maintenance
The review I found didn’t have any evidence of the maintenance of plastic roads as the roads are too new to have had any real maintenance be performed on them. The Centre for Innovations in Public Systems (2014) have said that roads constructed with plastic modified bitumen required maintenance after 10 years compared to 5 years for normal roads although impact of traffic and loads weren’t considered in this.








5.0 Conclusion
From the two papers I thoroughly studied for this assignment I have gathered an opinion on the usage of waste plastics replacing aggregates for concrete manufacturing and road construction. I believe there are many positives to using them as a replacement like the fact that its superiorly durable, lightweight, smooth, thermally insulating and ease of manufacture. I really believe that waste plastic being used this way is the future for concrete manufacturing and road construction, I believe that it’s the most economically and environmentally friendly way to recycle old waste plastic into a useful method of concrete manufacturing and road construction, although it’s got its disadvantages like its low bonding capability and low tensile strength, I think that the advantages severely outweigh the negatives in this study. I think that this should now be implemented in all concrete construction where it will be required and all road construction where necessary as I think it will sufficiently put waste plastic into such better use than we’ve previously used it for before.
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