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[bookmark: _Toc821269082]1.0 Abstract
Historically, coal mining within South Wales was a very large industry, which produced significant amounts of waste material, which has and currently still poses a risk to both the environment and people. At the same time, the construction industry, for concrete production, continues to rely a substantial amount on production of both fine and coarse aggregates, which contributes to high emissions and environmental degradation. This study investigates the use and feasibility of the waste material from coal mining as a partial replacement for fine aggregates, within concrete, with a main focus on the workability and compressive strength.

This research involves the collection of a sample from a coal heap, and then geotechnical characterisation of the sample as per industry standards such as the sieve analysis. Followed by the production of 15 samples with ranging percentages of replacement material and over 3 different curing ages. The samples will have their compressive strength test and compared back to a control mix. A statistical analysis will be used to determine the significance of the results.

It is anticipated that depending on the percentage of replacement, it will affect the strength of the concrete differently, lower levels will see an increase, whilst higher levels will see a decrease. 
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[bookmark: _Toc587095671]2.0 Introduction

[bookmark: _Toc1357150064]2.1 Background of Study
During the 18th and 19th century, the coal mining industry within South Wales was booming. This meant a large amount of coal mines producing both coal and waste materials. At the time, the coal industry did not do much to responsibly regulate or effectively manage the coal waste tips to mitigate the danger to both the environment and people. A lot of the waste material was piled up in heaps, also known as coal heaps. As a result of the improper management of the coal heap at Aberfan, and after weeks of heavy rain, a coal heap at the top of the hill above the town of Aberfan, became saturated. This caused material from the coal heap to come down the hill and strike the local school. This tragic event highlighted the dangers associated with unmanaged coal waste. The coal heaps were made up of several materials, including spoil and tailings, and some of which are hazardous to the environment and can leak into nearby watercourses. Because of the scale of the mining in South Wales, the long-term management of these coal heaps still remains an issue that needs to be dealt with.

Both in the UK and Globally, the construction industry is the largest consumer of raw materials, with concrete being the most used construction material globally. Both fine and coarse aggregate production for the use in concrete, is a very environmentally damaging process, destroying local habitats and producing significant amounts of carbon dioxide into the atmosphere. Concrete relies heavily on aggregates for its strength, so it is important that suitable materials are used. As concrete is so heavily used, the demand for aggregate production is extremely high. 

As the industry moves towards becoming more sustainable, a lot of research is being conducted into looking for suitable replacement materials for coarse and fine aggregate in concrete. A lot of the research that is being conducted is looking into the use of industry by-products such as concrete debris, fly ash, plastic fibres, etc. The incorporation of coal mining waste as a replacement material for fine aggregate, provides a potential solution, that deals with management of waste material and increased sustainability of concrete by using industry by-products. By converting previously unused waste materials into useful construction materials, there is the potential to reduce the environmental impact whilst maintaining or even enhancing the structural performance of the materials. The aggregates in concrete are important as they act as a binder for the cement and found to be one of the best at binding. This is where the risk comes in, as materials such as the coal mining waste and plastic fibres have the potential to be worse at binder which can have significant effects on the structural integrity of the concrete. 

This study is motivated by the heavy coal mining industry within the South Wales, as well as the need to explore the feasibility of the waste material produced, and to evaluate their performance in relation to structural strength and bind quality. At this current moment there is limited research into the use of the coal mining waste material, specifically from the South Wales region.

[bookmark: _Toc1159743487]2.2 Title
How can unused waste material from coal mining, be turned into a useful recourse, by adding it to concrete and how does it affect the strength?



[bookmark: _Toc7703951]2.3 Aims and Objectives

[bookmark: _Toc1506348608]2.3.1 Aim
To evaluate the feasibility of the use of coal mining waste material as a partial replacement material as fine aggregates, in concrete. With focus on the effects of the concrete performance, such as the compressive strength.

[bookmark: _Toc674029975]2.3.2 Objectives
[bookmark: _Toc131642690]Objective 1 – To collect and characterise coal mining wate material samples through geological and physical classification, including particle size and material composition.

[bookmark: _Toc565502500]Objective 2 – To design and produce concrete mixtures including varying but specific amounts of coal mining waste material as a replacement for the fine aggregates, along with a standard concrete mix for a control sample.

[bookmark: _Toc1787009695]Objective 3 - To identify the effect the coal mining waste material had on the concrete`s properties including strength, by conducting industry standard tests, such as compressive strength test, and comparing results to a control sample.

[bookmark: _Toc1164761211]Objective 4 - To measure the impact of the waste coal mining material on the behaviour of the concrete including binding strength and workability.


[bookmark: _Toc233764898]3.0 Literature Review

[bookmark: _Toc529938402]3.1 Review of Relevant Literature
This section reviews the current research into relevant subject areas involving using coal mining waste material from the South Wales region, as a replacement material in concrete. It starts with investigating the broader area of using industry by-products as a replacement material in concrete, and the effects on the strength on the concrete, but also the sustainability as some replacement materials will not behaviour the same as coal mining waste material. Then it focuses on the composition of the coal mining waste material, and what the geology is and the properties of the materials. Then narrowing in and investigates what research has been conducted using coal mining waste material from different locations globally.

[bookmark: _Toc1684000404]3.1.1 Inclusion of Industry By-Products in Concrete
A research study conducted by Micheal Thomas, found, among other things that if replacing part of the Portland cement with fly ash, it would decrease the compressive strength in early stages of curing, however if sufficient time is given it can increase the strength above that of full Portland cement. Whilst not directly relating to this research, fly ash is a by-product from coal, and thus could show what the potential is if the coal mining waste material replaced the cement instead of the fine aggregates. The use se of fly ash has become a widely studied material replacement due to its pozzolanic properties, whilst similarly blast furnace slag has shown to act in the same way, as found by A. B. Sawant, however their testing went up to 28 days only, so there could be further increase in strength after linger curing times.

[bookmark: _Toc1648624946]3.1.2 What is the coal waste material made up of in South Wales
As stated by W. J. Barclay, there is a close relationship to the surrounding geology and the coalfield, showing that the geology of the area greatly effects the makeup of the materials in the coal mining waste. A makeup of sandstone, millstone grit, and carboniferous limestone. There is variable geology makeup, including Devonian Senni beds, green and red sandstones. 

[bookmark: _Toc1063298530]3.1.3 Inclusion of Coal Waste Material in Concrete
Stated by Mohammad Valizadeh Kiamahalleh, whilst not specifical waste from coal mining according to finders' university article, Delithiated β-spodumene, a by-product from lithium mining can be seen to have very cement-like properties, with an optimal mechanical property with a 20% replacement, with an increase of 22% in compressive strength. Whilst a replacement level of 50%, results in a 32% decrease of compressive strength and a 35% decrease of workability. This shows that as the percentage replacement increases above a certain level it provides no strength properties and in fact works against the concrete.

From a study by Cassiano Rossi dos Santos, has the research looking into the use of coal waste in a less structural demanding environment. A sample was collected and then ran through some tests in order to achieve a particle size suitable for fine aggregate. The range of percentage substitution was from 0% to 100% in 25% increments. For each mix, the water to cement ratio was altered, which can affect the strength performance. It was found that whilst still achieving close to the 35MPa, at 25% and 50% replacement levels after 28 and 90 days, it still performs less than the standard concrete mix. Maybe replacement levels at less that 25% should have also been tested.


[bookmark: _Toc134153423]3.2 Gaps in Current Research
There has been extensive research into using industry by-products in concrete, including a range of materials including plastic and rubber fibres. Most research into coal-based waste materials, look at using combustion waste material such as fly-ash, which differs from what coal mining waste material is made up of, with limited attention actually paid to the waste mining material. This presents a gap in research, particularly in areas such as South Wales where the materials can be found quite easily.

Secondly, there is a gap of research into the composition and properties of the coal mining waste material, specifically in the South Wales region. Research using coal mining waste material in concrete, uses material from other locations, which will be made up of different geology, and may not be directly applicable. This highlights the need for region specific studies.

Most research found into the use of coal mining waste material has seen it used as a cement base replacement material as it shows to have pozzolanic properties.

Furthermore, there is inconsistently in results and research, particularly in the mix design. There has been research where something else has been change along with coal mining waste material. This causes the results to be skewed as cannot draw conclusion on the effects on the concrete. There is limited research into the workability and bonding quality between the waste material and cement, which is a key factor to the influencing concrete strength.

Finally, most research looks into the short-term durability of the concrete samples, testing the compressive strength after a specific number of days of curing, and is conducting the testing in a laboratory environment, instead of being testing out in the environment, such as dealing with chemical and moisture attack. This creates uncertainty on the suitability of structural performance.

[bookmark: _Toc1593390627]3.3 How My Research Will Address These Gaps
This study aims to address the gaps that have been identified, by specifically focusing on using coal mining waste material from South Wales and evaluating its performance and suitability as a partial replacement for fine aggregates. It will require an in-depth testing and characterisation of a sample from coal mining waste heap.

The research will also involve production and testing compressive strength of concrete samples with varying percentages of coal mining waste material, allowing for comparability to a control mix. The only variable in the concrete samples is the percentages of coal mining waste material included, to show accurate trends and performance that is related to the waste material only.

Finally, this study will also investigate the workability and bonding behaviour, providing further insight into properties influencing the concretes properties. Utilising both experimental testing and with analysis of results, this research will provide a better understanding into the feasibility of the use of coal mining waste material in the construction industry.



[bookmark: _Toc810650071]4.0 Research Design and Methodology

[bookmark: _Toc1598755306]4.1 Methodology
This study uses several controlled experiments to evaluate the feasibility of the uses of coal mining waste material as a partial replacement of fine aggregate in concrete. The methodology is designed to generate reliable and comparable results by altering the percentage of coal mining waste material in the samples, whilst also measuring the concrete`s performance at different curing lengths. This structured and standard process will ensure that both the properties of the coal mining waste material and its behaviour on the concrete, particularly compressive strength, and workability, are assessed under laboratory conditions. To clarify the coal mining waste material was decided to be used as a fine aggregate replacement as it is expected to not have the sufficient strength or size to be used as a coarse aggregate.

The methodology is split into two main parts, Objective 1, which looks at collecting a coal mining waste material sample from a site, and then conducting geotechnical experiments to be able to characterise it. Objective 2-4, which is split further, starting with design and production of concrete samples with varying amounts of coal mining waste material and also a control sample. Objectives 3 and 4 look at testing the physical properties of the samples and then comparing the results to the control sample.

The geotechnical and concrete testing experiments will be conducted in accordance with their relevant standards.



[bookmark: _Toc192402763]4.1.1 Coal Mining Waste Material Sampling and Testing
Whilst at this current time a specific site within South Wales has not been chosen to collect the sample from, it is important that the location where the sample is collected has not been disturbed for some time, and it can be proven that it is actual waste material from coal mining. To help ensure that the sample is undisturbed and where possible, the sample will be taken from beneath the surface. A disturbed sample might mean that there will be foreign particles include that were not originally waste material from coal mining. Category A sampling method is preferred to be used as this will allow for a grade 1 or 2 sample, which means there has been slight or no disturbance when sampling, however based on ground condition a category B sampling might be more suitable.

Following collection, the sample will be taken back to the laboratory, where it first will be weighed before going into an oven for a minimum of 24 hours at a temperature of 100C, in accordance with BS 1377. Once dried the sample will be removed and weighed again, so that the moisture content can be calculated.

There will be a possibility of three tests conducted on the sample in order to characterise it and understand its properties, and how it will affect the concrete. The tests are sieve analysis, Atterberg limits and Porosity test, with the sieve analysis being the only one that is required.

The test that will need to be done is the sieve analysis. As fine aggregates have to be anything smaller than 4mm, and we are using the coal mining waste material as a fine aggregate replacement, it is important that any coarse aggregate is removed. It will also allow for the ability to determine particle size distribution, which helps classify the material. The sieve analysis requires a part of the sample to be place onto the top of a vibrating sieve, that has sizes 4mm down, and then the mechanical vibrating action sieves the sample so the particles fall down through the different sized sieves until reaching a point where it is too big to fit past. Each sieve is removed carefully, and the material is despotised into a bowl and weighed. Once all sieves and the bottom pan have been emptied out, the total weight measured should be with tolerance of the weight of the sample put into the sieve at the beginning.

The next two tests, Porosity and Atterberg limits are not strictly required for the coal mining waste material as it will be used in concrete rather than being used on its own. And the properties might mean it is not suitable for the testing. The Porosity test required the sample to be paced inside a sealed tube, where only water is allowed to flow through and then the flow of water through it is measured over time. This will mainly show how compact the material is, but also, the materials ability to absorb water. The Atterberg limits looks at the liquid and plastic limits of the material, including if it can be rolled by hand to a specific diameter without cracking, and how much moisture content is required to get the material to come together in a bowl after a number of blows. 


[bookmark: _Toc682448125]4.1.2 Concrete Methodology
For the coal mining waste material, the percentage replacement will be based on the weight of the cement, and based on what previous research has used, the percentages will be ranging from 0% to 40%, as replacements for the fine aggregates. There will be 3 samples for each percentage in order to test after 7, 14 and 28 days of curing. This is to show the increase in strength over the curing process. The sample with 0% coal mining waste material, will be a standard concrete mix in order to have a baseline to compare to. The increments will go up in 10%, to allow for identification of trends and the ability to determine a suitable replacement level.

The moulds that will be used will be 100mm cubes, following BS EN 12390. After careful consideration, it was decided that the samples will only be using concrete and will not have any steel reinforcement, as the compressive strength will be testes and not the tensile strength. It also adds more variables to the research, which will increase the risk of mistakes and issues with samples being different.

The standard coarse and fine aggregate, along with cement and water will be used, without any additional chemicals, such as admixtures. The concrete strength that will be aimed for is 30MPa. The water to cement ratio will be kept constant so that the only change will be the percentage of coal mining waste material as fine aggregate. Before the coal mining waste material can be used in the concrete, it will need to be re-dried in the oven at 100C for 24 hours to remove any moisture so that the water to cement calculations are correct. The concrete samples will be mixed in the concrete mixer, in batches of percentage replacement and after each mix is made, the mixer will need to be cleaned to avoid any contamination. The mixes then will be poured into the moulds and compacted to remove air voids. The samples will be left to cure for their respective days and once cured they will be demoulded and ready for testing.

Before each mixture is placed into the moulds, workability tests will be conducted on the fresh concrete, such as the slump test, this will show how the addition of coal mining waste material effects the flow and placement of the concrete.

To test the compressive strength of the concrete following BS EN 12390-3, a compression testing machine will be used, and the samples will be tested to point of failure, which will show us the maximum load each sample was able to withstand.

Observations can be made before and after the compression test, such as crack patterns and failure point, to help indicate the bonding quality between the cement and the coal mining waste material.

It has not been decided whether or not there should be 3 samples for each curing lengths for each percentage, resulting in 45 concrete samples being produce rather than 15. This will help increase the accuracy of the testing; however, it will be using 3x the number of materials.



[bookmark: _Toc1059201369]4.2 Data analysis plan
Once all the results have been collected for the compressive test, they will be analysed to determine the effect of the coal mining waste material on the concrete. Initially, each mix from each curing length will be compared back to the baseline mix. This will allow to see if the coal mining waste material has affected the strength. Then the mixes will be looked at over the 3 curing lengths to see if strength has increased or decreased over time. The slump test results between each mixture will also be collected to determine how it has affected the workability of the concrete.

Further to this, to prove the significance of the results, a t-test will be used. This statistical method will determine whether or not the differences in compressive strength between the modified mixes and the control mixes are statistically significant. This allows for distinguishing between meaningful effects and random variations from the results.

A graphical analysis will be used to display the results collected clearly. Line graphs will be used to show the strength differences between each mixture for specific curing lengths and then how the strength as changed over the different curing days. As well as the how slump flow has changed for each mixture. The graphs will allow for obvious spot in trends and identify the optimal replacement levels.

Finally, the results will be looked at in context of the objectives. This will be comparing the compressive strength results to find the best replacement level, and comparing that to the slump test results, and the observations made after failure to see the full effect on the concrete.

[bookmark: _Toc92670204]4.3 Ethical considerations
Due to the nature of the research, experiments will be conducted so there will be no need for research methods including interviews and surveys. This means there will be no ethical considerations for this research.



[bookmark: _Toc1876280107]5.0 Timeline

Figure 1 underneath is rough guideline for timings for the dissertation. Some areas such as the literature review may take longer. But it is important to leave at least 5 weeks space in the case that an experiment goes wrong and need to be carried out again.

[image: ]Figure 1 Gnatt Chart



[bookmark: _Toc1385132509]6.0 Expected Outcomes
It is expected that the coal mining waste material will affect the strength of the concrete by increasing it but also decreasing it. As is shown by previous research the replacement percentage has a limit, where beyond that it, too much coal mining waste material is added it will decares the compressive strength of the concrete compared to the baseline sample. However up to that limit, the coal mining waste material will increase the strength of the concrete.
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