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[bookmark: _Toc56695567]Evaluate plastic, considering physical, mechanical and chemical properties, as a use in Civil Engineering projects. Your evaluation should draw upon the development of Thermoplastic, thermosetting and Elastomeric polymers.

Plastics continue to grow and develop in a range of construction. The performance and durability of plastic plus its ability to be lightweight and design flexible makes it appealing when coming to design. Plastic is also weathering resistant and has particularly low maintenance which can make it very cost beneficial.

Plastics have developed over the years, and are now a vital part of the construction industry. There are three main plastics used in construction and each have their own unique set of properties which are used across a broad spectrum within the construction industry. 

Thermoplastics
Thermoplastics are Polymers defined as polymers that can be recast and shaped repeatedly almost indefinitely. When heated they become almost molten like and upon cooling can harden and become solid again. Thermoplastics are made up of a simple molecular structure comprising of chemically independent macromolecules. When they have been heated, they can then be molded and formed into the desired shape and then cooled. Due to the fact the product can be re-heated and cooled and reused regularly this makes the thermoplastics mechanically recyclable.   (Thermoplastics :: PlasticsEurope, 2020) 

Polymers bonded for a thermoplastic are molecules which do not chemically bond with each other. They can be described as strings or chains.
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Figure 1 – Image of polymer for thermoplastic. (Thermoplastics vs Thermosetting Plastics | Recycled Plastic, 2020)


There are a wide range of types of thermoplastics and their uses vary. See below.  
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Figure 2 – Table showing the many diff types of Thermoplastics and their uses - (Hemsi, 2020), (Properties and applications of Acrylic plastics including methyl methacrylate., 2020), (Polyvinyl Chloride PVC: Properties, Benefits & Applications, 2020), (Arbogast, 2020)

The uses can range from underground utilities and services to uses for actual tools and other equipment. PVCu (Unplasticized polyvinyl chloride) is highly used in construction for Window frames and doors. 

Thermosetting Plastics
Thermosetting plastic is a polymer which is initially a soft solid or liquid which becomes solid during the curing process which causes the polymers to chemically react which increases the cross linking between the polymers. The curing process can be increased by increasing pressure or adding another catalyst. 
Once the thermosetting plastic is set then it becomes irreversibly rigid. Some of the positives of this is the plastic is more resistant to high temperatures and has high levels of design stability. The negatives against this product is it cannot be recycled or remolded or reshaped. This means it is not very environmentally friendly and with the issues through plastics and the environment this is something that should be considered. 
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Figure 3 – Image of polymer molecules for thermosetting plastics. (Thermoplastics vs Thermosetting Plastics | Recycled Plastic, 2020)
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Figure 4 – Table showing some different types of thermosetting plastics and their uses. (Mr DT: Revise or learn about thermosetting plastics including; Epoxy resin, Bakelite, etc., 2020)

Thermosetting plastics are a very good heat and electrical insulator so can be found on several electrical items. It is also a big part in adhesives which is vastly used in construction. Items like silicone and sealant for bathrooms, windows, bathrooms etc. 

Elastomers 
Elastomers are polymers which are made up of long chainlike molecules which have the capacity of recovering to their original shape after being stretched to great extents between 5% and 700%. The molecules are usually irregularly coiled but with the application of some force the molecules elongate and straighten in the direction in which they are being pulled. They are elastic in nature hence their flexibility. 
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Figure 5 – Example of an elastomer being stretched and recoiled. (Elastomer - an overview | ScienceDirect Topics, 2020)
There are two types of elastomers. Saturated and Unsaturated. Saturated elastomers showcase a superior ability to oxygen, radiation, heat and ozone. In only certain circumstances and conditions will they react. Sulphur vulcanization cannot cure them. Unsaturated elastomers can be cured by the sulphur vulcanization process and butyl rubber is an example of this. (Elastomers: Definition, Examples, Properties, Types, Applications, 2020). 
There are several different uses for elastomers in construction. Some of its uses are for adhesives and sealants for filling in gaps is inevitable in the construction process. Butyl has the lowest gas permeability of all the rubbers and can be used for gaskets in buildings. Neoprene has very good mechanical properties and is resistant to heat, sunlight, oil and aging so is used regularly in outdoor applications such as roofing. 

From all the different applications of the three different types of plastics there is a wide range of types and their uses in construction. From the information we can see that there are different types of plastics which can be used for the same sort of use. The decision on which type of plastic that is more suited may come down the mechanical and chemical properties which are required for its intended use. This may be the loading capacities, weathering capabilities and other finishes that are required. It then may be broken down further on the cost, ease of use and workability in terms of the project and its constraints. 

[bookmark: _Toc56695568]Analyse the application of waste plastic materials in road construction, giving examples of its design methodologies and incorporation, from case study, both national and international. 
Waste plastic materials is a major issue when coming to the environment and the disposal of waste plastics materials. 420 million tons of plastic is produced globally each year and 75% of this plastic is waste. This ends up contaminating the environment. The worlds oceans absorb a large amount of plastics every year and this negatively affects marine life of up to 700 species. 
These reasons is why there is a need for innovation and development in the utilization of waste plastics. One major development in the use of waste plastics is its use in road construction. Waste plastic has been developed to replace bitumen and asphalt as a binder to aggregates in order to produce road materials. 
Current roads are topped with an Asphalt mix which is made up of 90% of aggregates (stone, sand and reclaimed products. The liquid asphalt is then used as a binder and comes from crude oil making it a fossil fuel. With fossil fuels being a non-renewable source being able to possibly replace parts of this fuel is beneficial. 
The design methodology of the Macrebur products alter between the three main types of products they use. Their original products were a pelletized form of recycled plastic which had been melted, extruded and cut into the pelletized forms. The pellets are then used to replace up to 6% of the asphalt (from 10%) and when heated this melts and acts as a binder to the aggregates. The pelletized were originally developed due to being able to compact the pellet densely and to optimize the shipping costs internationally. Following trials Macrebur found that the pellet form of the plastic, “the pellets were not completely dissolved into the bitumen phase of the asphalt mixture.” (Macrebur, 2020)
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Figure 6 – the original MR6 product developed in pelletised form. (Macrebur, 2020)

To rectify this issue Macrebur then designed shredded and flaked versions of the plastics. The shredded forms of their MR6 and MR8 products (below in figure7) are not melted or cut into pellets which mean they have a reduced bulk density (between 80-95%) and a much larger surface area (between 3-6 times) of the pellet and flaked products. (Macrebur, 2020)
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Figure 7 – Shredded form of MR6 and MR8 (Macrebur,2020)
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Figure 8 – Flaked form of MR8 (Macrebur, 2020)
The shredded form and has a reduced density which in turn increases the rate of heat transfer during mixing. This means the product reaches is melting temperature more quickly. The greater surface area also makes the interaction with the bitumen phase more efficient which improves the distribution of the product. (Macrebur,2020). 
Macrebur have a number of different results of different testing procedures conducted on their papers from the website. One set of data produced is for the British specifications of tests for road asphalt mixtures. 
· BS EN 13108-5:2016 For Stone Mastic Asphalt 
· BS EN 13108-1:2016 For Asphalt Concrete
This is from a paper produced by Greg White of the University of the Sunshine Coast, Australia and Gordon Reid of MacRebur. 
Laboratory testing was completed where two asphalt mixtures were produced, one with recycled plastic as a partial binder and one without. The mixtures were designed to be a typical 20mm base course 20mm mix (AC20) and a Stone mastic Asphalt (SMA) 10mm surface course. The base course one with typical unmodified 60/40 binder and one with 6% MR6 replaced. The surface course (SMA10) was produced with the three recycled waste products (MR6, MR8, MR10) replacing 6% of the 40/60 bitumen. (White and Reid, 2018)
The mixtures were initially passed through the sieve test to compare the mixtures that have been created. Results below. 
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Figure 9 – Sieve test on the two specimens using plastic replacements. (White and Reid, 2018)

All the tests follow the British Standards as shown below in the British Asphalt specification performance tests.
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Figure 10 – the performance properties being tested and the methods of British standards tests being met. (White and Reid, 2018)
The first table of results was produced below for the comparison of the AC20 mixture results. 
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Figure 11 – performance results on the mixtures used for the AC20 mixture. 
The second test table of results below is for the SMA10 mixture with the 3 varying types of plastic products. 
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Figure 12 – performance results on the mixtures for SMA10 
We can see from the test results carried out in this paper produced that the range of mixtures used that the plastic replacement mixtures outperform the normal 40/60 mixture except for moisture damage. This is only one set of data carried out from laboratory testing and this doesn’t necessarily mean a true reflection of what would be outcome when put into practice.  The cost benefit analysis from the company also shows cost benefit which is another positive towards the use of the recycled plastic. 
This method of using recycled waste by Macrebur and mixing it with existing materials seems to be a very beneficial way of utilising waste plastics. Tests indicate that the plastic can work just as effectively as previous methods. There is cost benefits in its use as well as the physical properties. There has been some actual completion of the product being deployed. 
A case study was completed by Stabalised Pavements Ltd in relation to a scheme by Dumfries and Galloway Council. The scheme A709 Lochar Bridge was completed in 2017. 
The scheme was to replace a section of the A709 Lochar Bridge cariiageway as the road was suffering form structural issues which in turn was leading to sever cracking and crazing of the surface. This was mainly down to the soft peat underneath the edging of the carriageway. The proposed designs were for a type 2 road which would see HGV vehicles being used on the road required a design for traffic loading of 5 msa over a design life of 20 years. 
The asphalt surface layer was laid at 60mm with modifications of the Macrebur MR10 being added to the asphalt which was to improve the performance of the surface material. (Stabalised Pavements, 2020). 
The case studies report only shows results for the CO2 and resource efficiency of the project but both results produced show that using the waste plastic materials saw a big decrease in CO2 production and a big increase in recycled content used. 
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Figure 13 – Reported results from case study completed of Macrebur MR10 use in road repair. (Stabalised Pavements, 2020)
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Figure 14 – 60mm surface layer with Macrebur MR10 within mixture. (Stabalised Pavements, 2020)
The case study highlights some of the environmental benefits that using the waste plastic has, the lower carbon emissions and increased recyclable products used being a real positive when trying to reduce waste. 
There is another waste plastic product currently on the market and being trialled and that is a company called “Plastic Road”. They have developed a modular system of prefabricated items made 100% out of waste recycled plastic. There is a hollow space feature underneath the modular system which allows the transit of utilities such as water, electric, fibre etc. The modular construction allows a faster construction time as the prefabricated modular can be brought to site and fitted with all markings etc pre marked and there is no setting time. Below shows a couple of the design concepts. 
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Figure 15 – plastic roads modular systems showing the road and pavement features. (PlasticRoad - A revolution in building roads, 2020)
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Figure 16 – cycle path laid in Zwolle in 2018 using the plastic road modular slabs 
There seems to be minimal information available in terms of the make up of the plastic slabs and the types of strengths and other test results when coming to testing of the plastics but they are utilising the cycle paths as their testing base. 
This seems to be another positive step in reducing plastic waste and utilising it in road construction but there still seems to be some information missing in terms of how it would translate carriageways. 



[bookmark: _Toc56695569]Critically Evaluate the materials practicality, functionality and future potential in this application with reference to professional opinion, both positive and negative. 
The development of waste plastic being re-used to replace asphalt in pavements and carriageways has both pros and cons. The largest positive being the use of large amounts of plastic that was previously destined for land fill, waste sites or the ocean. With 420 million ton of plastic being produced each year we require these new and innovative ideas to assist us in the re-use and regeneration of these materials to reduce our carbon footprints and the environment. From what has been produced so far Macrebur do seem to have found a potential solution. Though as many new and innovative ideas the biggest question is will these products stand the test of time. Initial testing in laboratories does indicate the replacement of the asphalt mixture with percentages of the plastic does indeed increase the strength, the workability, the longevity of the road surfaces. Macrebur also state that it is more cost beneficial than using the full asphalt mixture due to the above reasons. 
The pros of the Macrebur product seem obvious based on the current data. From research, there are tests of the products either been completed or being undertaken in Australia, USA, South Africa, Canada, India and the UK so it would seem that based on the data and testing it is a product that has a massive future in the industry. Though from the research I have undertaken it seems the only data available is that of tests undertaken by Macrebur themselves. 
One negative I have found against the product is the unknown implications to the health, safety and wellbeing of human beings, nature and all living things. A report undertaken by Ausroads raises this stating “a series of issues about the use of recycled plastics in road including a lack of study, inconclusive testing, environmental and governance issues.” (Chin and Damen, 2019)
The report highlights the risk to workers when handling and using the recycled plastics. The plastics are treated with various chemical additives and the toxicity over long term exposure to these additives are unknown at present. The toxicity and inherent properties of these additives are not known and it is potential toxic elements remain in the environment and build up in the food chains and subsequently building up in the human body can potentially be deadly. (Royer et al. 2018). A test was completed by Macrebur but this did not follow any UK standardised tests and even though the test was completed by an independent UKAS accredited laboratory. The results around this area are inconclusive and worker safety and welfare is paramount. Microplastics is another issue that was raised of concern in the paper as again this can be a massive issue with the environment and without further study and testing, Chin and Damen (2019) states any use of these products should be taken with a precautionary measure until sufficient research is completed. 
In terms of the Plastic Roads modular design there is still not much research or papers been produced around the results of the tested cycle paths. A number of issues I would raise as an engineer is the viability of the modular design in use in domestic environments. Holding utilities within its structure if laid at the time of design may be possible but what were to happen of one of the modulars required replacing? Would the services and mains running through the modular need to be isolated then cut to remove the modular. This would mean excessive disruption and some services like fibre optic cables are very costly to repair. The same question would be if a water main burst for example, how would the modular be lifted in order to effect a repair?
The modular plastic design is very positive in theory but its application in populated areas where underground utilities etc are present seems to be have not been fully considered. Its use as walk paths on coastlines, or carriageways away from utilities may be an option. 
To conclude, from the information gathered and reports available, I feel that recycled plastics does have a very positive future in the road construction industry. There are a whole host of positives for these designs and as they continue to develop, I am sure the case for their use will continue to grow. There are some elements which require further research and sometimes this research may take years. As stated earlier in the paper if the use can reduce our carbon footprint and improve the quality of the environment then it is something that should be taken very seriously. 
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Table 3: Asphalt mixture properties.

Property AC20 Mixture SMA10 Mixture
Binder content (by mass) 48% 63%
Maximum density 2,524 kgm® 2,440 kgim®
Bulk density 2411 kg/m® 2,350 kgim®
Combined aggregate grading (percentage passing the sieve (mm)
315 100 -
20 ) -
14 77 100
10 66 97
8 60 76
63 46 45
4 36 38
2 2% 24
1 18 17
0500 14 14
0250 12 13
0.125 1 R
0063 9 98
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Table 4: British asphalt specification performance tests

Performance property | Testmethod | Indicative of | Australian equivalent

‘Air Voids at Refusal Density | PD 66918323 | Post construction ASINZS 289122

(not applicable to SMA) densification

Stifiness Modulus EN12697-26 Structural ‘Available from AG-PT/T232
contribution

Moisture Damage BSEN 12697-12 | Moisture Damage AGPTT232
resistance

Wheel Track Rut Depth PD66912 | Ruting under raffc | Available from AG:PT/T231

Wheel Track Rate. PD66913 | Rutting under afic, AGPTT231

Fracture Toughness by BS EN 1269744 | Fracture resistance | Intent simiar to flexural

notched semi-circular bending beam fatigue
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Property Straight 40/60 | 6% MR6 Limits Units
‘Air Voids at Refusal Density 11 12 >05 %
Stifness Modulus 782 11,600 > 1800 WPa
Moisture Damage 956 1000 Report Only %
Wheel Track Rut Depth 8 5 Report Only mm
Wheel Track Rate 0046 0039 <100 | mm/10° cycles.
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Property Straight | 6%MR6 | 6% MRS | 6% MR10 |  Limits Units
40160

Stifiness Modulus 1823 | 5438 | 4032 | 6451 | Reportonly MPa

Moisture Damage 048 | 1000 | 850 860 | Reportonly %

Rut Depth 31 13 26 20 | Reportony mm

Rut Rate o 003 | oo7 005 <100 | mmi0® cycles

Fracture toughness | 238 291 | 258 276 | Reportonly | Nimm*
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