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The research into trying to gain an understanding on the possibility of implementing waste recycled plastics in concrete has been a widely studies subject with a mixture of results. For example, researchers such as (Alqahtan, et al., 2016) and (Kumar & Kumar, 2016), discovered that there had been a reducing of the compressive strength of the concrete when a mixture of course and fine grained recycled aggregates were added.  Contradictory to this, researchers such as (Praveen , et al., 2013) and (Subramani & Pugal, 2015) discovered when a course recycled plastic aggregate (CRPA) was implemented there had been an increase in compressive strength.
This studies aim is to understand how the implementation of Numix’s CRPA has on the compressive and flexural strength of cube (NUMIX, 2012). The study also will be aiming to understand if the implementation of CRPA would reduce the overall density and the weight of each cube and beam casted for testing (Attanasio, et al., 2016). 
To understand if the use of CRPA has positive or negative impacts of the structural capabilities on the concrete, each mixture of concrete samples will be taken cured for 7 days and tested to compressive and flexural tests, then this process will be duplicated for the 28 day cured samples (Ferriz-Papi & Thomas , 2017). 
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The purpose of this study is to understand if there is a positive or negative impact on the structural capabilities of concrete, when a coarsely grained recycled plastic aggregates (CRPA) are introduced.  
In 2015 the UK produced 3.3 million tonnes of plastic (BPF, 2015), with only 7% likely to be recycled (Alqahtan, et al., 2016). This shows the frightening amount of plastic that could be contributing to pollution throughout the country; pollution levels can also be heavily increased by the production of concrete, for example, for every 1.7 tonnes of concrete (manufactured in the UK) 0.3 tonnes of CO2 is released (GRB, 2010).
Concrete has been used in the construction industry for hundreds of years, and more recently in 2014 56,953 concrete blocks were produced (Pottier, 2017, pp. 18-19). This has steadily increased with that in 2016 the UK produced 70,983 concrete blocks (Pottier, 2017, pp. 18-19). Highlighting that if there can be a correlation between the reductions of concrete needed in each block, by means of implementing a sustainable CRPA, then surely this could have positive environmental and economic impacts (Jaivignesh & Sofi, 2017). Hence why the study into how there could be a reduction of concrete needed in each block has been chosen to be researched. 
The only variable within this study will be the amount of CRPA implemented into the concrete, previous research conducted by (Praveen , et al., 2013) and (Subramani & Pugal, 2015), stated that with a 22% CRPA the compressive strength of the concrete increased, therefore within this study the researcher will aim to only use course grained RPA, this should allow the study to understand how (Praveen , et al., 2013) and (Subramani & Pugal, 2015) would have achieved this conclusion. 
The major issues and hypothesis that will be addressed with this study is, understanding the relationship between the increases in CRPA, and how the compressive and flexural strength might change as a result of this. An aspect that previous studies have overlooked is how much the concrete block might become lighter (Attanasio, et al., 2016, pp. 1-22). Thus resulting in cheaper transportation costs, this will form a small aspect of the study (Attanasio, et al., 2016).
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The study into the use of recycled plastic aggregates (RPA) has been previously conducted resulting in various advantages and disadvantages. Some of the previously proven advantages were aspects such as thermal conductivity, impact/abrasion resistance, workability and shock absorbance all being increased when  a verity of grain sizes of RPA was implemented in the concrete (Jaivignesh & Sofi, 2017). 
The disadvantages of using a mixture of grain sizses was concluded and agreed upon by several different studies, all concluding that the compressive strength of the concrete was reduced. This being the main disadvantage being drawn out by researchers such as, (Jaivignesh & Sofi, 2017), (Alqahtan, et al., 2016), (Kumar & Kumar, 2016), (Attanasio, et al., 2016).
Both (Praveen , et al., 2013) and (Subramani & Pugal, 2015), state that with the replacement of aggregates with CRPA there is a positive effect on the structural capabilities of the concrete. (Praveen , et al., 2013) states that with 22% CRPA for there is an increase in compressive strength, but where (Subramani & Pugal, 2015) only mentions there is no long term effect of the overall strength of the concrete when  no more than 20% of CRPA implemented, these two studies stands out to the be the anomalies in regards to CRPA experiments. Hence why this study should be conducted to understand if both (Praveen , et al., 2013) and (Subramani & Pugal, 2015) are incorrect or if this study could understand the correlation between the two findings.  
. 
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The methodology that has been chosen for this study will be a laboratory based experiment, much like that of the previous studies completed by researchers such as (Alqahtan, et al., 2016). 
This research aim to understand if there will be a structural change to the concrete when a CRPA is exchanged for a natural course aggregate, hence why within this study both compressive and flexural strength tests will be conducted (Ferriz-Papi & Thomas , 2017). During this experiment the UWTSD laboratory will be used. Which allows the study to use the Matest Concrete testing machine for both the compressive and flexural strength tests which will be set up to apply three point loads onto the beams, this machine allows the experiment to work in accordance with (BS EN 12390-4:2009) (BSI, 2009). This is a servo controlled machine which should therefore help to mitigate human error from this experiment.
For this experiment a concrete cube and beam will be made using moulds. The cube will be used for compressive strength test which also ensures this test works alongside (BS EN 12390-3:2009) (BSI, 2009). The beam will be used for the flexural strength tests, this is a slight variation on how (Praveen , et al., 2013) conducted the experiment into flexural strength, but due to the resources available for this study a beam will be moulded. Each specimen will also be weighed to understand how the volume and density of the specimens might change in correlation with the CRPA in each sample.
Portland CEM I cement will be used throughout the entire experiment along with tap water for mixing (Ferriz-Papi & Thomas , 2017). A curing tank and mixer will also be used allowing the samples to be monitored. The water to cement ratio will be kept constant during the entire experiment, this will allow the study to understand the effect that the CRPA has on the concrete and not any other factors (Ferriz-Papi & Thomas , 2017). The aggregate that has been selected with be the Numix aggregate source this will be used to as a CRPA (NUMIX, 2012). With each mix of concrete four separate samples of each will be tested, sample A1 being tested for compressive strength 7 days after mixing, along with sample A2 being tested to compressive strength after 28 days of being mixed and cured (Ferriz-Papi & Thomas , 2017). This style will be continued over to the flexural strength test, whereby sample B1 will be tested after 7 days and sample B2 28 days after. This will allow the study to have an accurate view on how the structural integrity of the concrete might be changing with time (Alqahtan, et al., 2016). 



The experiment will be progressing in increments of 10% in relation to the natural course grained aggregate being exchanged for CRPA (Jaivignesh & Sofi, 2017). The first cube and beam being casted will be 100% naturally course grained aggregate, which will then be split into two sample for each mould. The samples following this will have a implemented CRPA of 10% each time, dependant on the time and resources available for this research, the study will continue on 10% increments until there is samples of 50% CRPA that are tested, this should be sufficient for the study to be able to understand the effects of CRPA.
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At this proposal stage of research the experiments have not been conducted, so therefore the results cannot be analysed. Alternatively the results that are expected, from the Matest test machine in kN, showing quantitatively what the concrete cubes specimen’s load at fracture was, this allowing analysis to be conducted to understand how the strength might have changed along with CRPA implemented into the concrete (Ferriz-Papi & Thomas , 2017). 
The study will also work alongside (BS EN 12390-3:2009), this will be done by using visual inspections of the cube specimens in question. The results that are expected is that with the standard concrete block with no CRPA implemented, should see the same satisfactory load failures shown in figure 1 (BSI, 2009). 
If the study is to believe researchers such as (Alqahtan, et al., 2016) and (Kumar & Kumar, 2016) then the implementation of CRPA should expect to see unsatisfactory stress failures shown in figure 2. The data from the flexural strength tests will not have any visual analysis conducted, instead the output from the Matest test machine will form the basis of the analysis for this section. Both the compressive and flexural strength tests with be plotted onto a graph, allowing the study to understand how each 10% increment of CRPA added and how the strength changed. 
This limitations of this study are due to the resources available for the experiment phase of the research. This is because of the possible time constraints, the researcher will aim to achieve a 50% implementation of CRPA, and this should be an adequate amount of data to be able to understand the trend line of the investigation. If there is adequate time and resources available then the experiment will be continued until there is a 100% CRPA rate of change for natural aggregate. 


A limitation due to time, will be that during the experiment phase the research, only one set of each mixture of 10% increment will be tested. Therefore if the study has enough time resources then three sets of the same 10% CRPA would be made up and then tested, thus allowing the researcher to use the average for that sample. Dependant on time the researcher could redo the whole experiment to be able to achieve averages.
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The experiment that will have been conducted would have aimed to understand how the relationship between the increases in course recycled aggregate, and the possible ramifications on the compressive and flexural strength of concrete, through the process of compressive and flexural strength tests. 
This study will also aim to understand how much the strength of the conrete is reduced by, this will allow the researcher to understand where the threshold for implementing this such techniques as using CRPA, for example, if (Praveen , et al., 2013) and (Subramani & Pugal, 2015) study is correct and at a rate of 20% CRPA the structural capabilities of the concrete are in fact not reduced, then this could be hugely beneficial. Due to in 2016 the UK produced 70,983 concrete blocks (Pottier, 2017). If every concrete block that was produced have 20% less natural aggregate needed and exchanged for CRPA, then the benefits such as the use and dependence on naturally occurring aggregates would be reduced and thus putting less of a strain onto the limited resources (Subramani & Pugal, 2015).
The limitations for this research will be aspects effecting the experiment phase of the research notably that of the time and the resources available for the study. Another limitation will be the acquiring of CRPA, this proposal will also be trying to engage the interest in a Swansea based company, this is because they’re might be a possibility for extra funding for the research through a current employer of the researcher. 
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[bookmark: _Toc503174194][image: ]Figure 1. Examples of satisfactory compressive failures of a cube specimen in relation to BS EN 12390-3:2009 (BSI, 2009).



[bookmark: _Toc503174195][image: ]Figure 2. T =Tensile cracking. Examples of unsatisfactory compressive strength failures according to BS EN 12390-3:2009 (BSI, 2009)
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