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[bookmark: _Toc165484271]INTRODUCTION
Concrete is a highly popular construction material globally, thanks to its exceptional durability, versatility, and cost-effectiveness. Nevertheless, the characteristics of concrete can differ greatly based on the mix design, encompassing the selection and ratio of cement, aggregates, water, and admixtures. Ensuring optimal performance in terms of strength, workability, durability, and sustainability is crucial for a well-designed concrete mix.
Our main goal for this laboratory experiment was to examine how replacing fine and coarse aggregate with plastic affects the compressive strength of a concrete mix. I conducted experiments with various plastic proportions to study their impact on the final properties of the concrete. I will prioritize improving specific qualities like compressive strength, workability, and environmental impact, specifically by reducing carbon dioxide emissions linked to traditional concrete manufacturing.
This report details the process and outcomes of the experiment conducted at the University of Wales Trinity St. David. It seeks to offer a comprehensive analysis of how various factors in the mix design impact the performance of concrete, providing valuable insights that could enhance construction practices in terms of efficiency and sustainability. The findings will also assess the experimental results of established standards and previous studies to evaluate the practical feasibility of the new mix designs.



[bookmark: _Toc165484272]MATERIALS
For this experiment, the concrete mix design was formulated to attain a characteristic compressive strength of 25 N/mm² after 28 days. Additionally, the feasibility of incorporating recycled plastic as a partial aggregate replacement was investigated. Here is a comprehensive breakdown of the materials utilized, including their precise quantities:
· Portland Cement (Class 42.5): 
· Amount: 7.1 kg
· Class 42.5 Ordinary Portland Cement was chosen for its excellent suitability for general construction and its ability to meet the desired strength and durability requirements.
· Water: 
· Amount: 3.9 kg
· The water-cement ratio was meticulously regulated at 0.5 to ensure the ideal hydration process while maintaining the concrete's mechanical integrity.
· Sand for Fine Aggregate: 
· Amount: 7.0 kg
· The sand used was carefully selected to ensure optimal workability and minimize voids within the concrete matrix. It passed through a 600-micron sieve with a 90% success rate.
· Coarse Aggregate (Uncrushed): 
· Amount: 14.0 kg
· Utilizing uncrushed aggregates with a maximum size of 20 mm contributed to the overall bulk and mechanical integrity of the concrete.

Exploring the potential environmental benefits of reducing traditional aggregate use, plastic materials were introduced to assess their effect on the mechanical properties. Fine and coarse aggregates were replaced at concentrations of 2% and 5% by volume, aiming to find alternative solutions.
The mix was carefully formulated to maintain the structural integrity and meet the required slump of up to 100 mm, ensuring it remained easy to work with during placement and compaction. A minimum cement content of 390 kg/m³ was chosen to ensure the desired compressive strength, considering the effects of aggregate type and water-cement ratio.
These material choices and proportions were carefully selected to strike a balance between performance and sustainability. The study focused on investigating the effectiveness of using plastic as a partial substitute in concrete mixes, conducting controlled lab experiments.
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[bookmark: _Toc165484274]Equipment Used
· Sieves: A range of sieves from 16 mm down to 80 µm was utilized to grade and assess the particle size distribution of both the fine and coarse aggregates, ensuring consistency and conformity to required standards.
· Trays: Used to hold materials during preparation and weighing, facilitating clean and organized workspace management.
· Standard Portland Cement and Crushed Stone (up to 20mm): Standard Portland Cement provided the binding material, while crushed stone served as the coarse aggregate, crucial for the structural framework of the concrete.
· Mixer: A mechanical mixer was used to thoroughly combine the cement, aggregates, water, and plastic materials, ensuring a uniform and homogeneous mix.
· Slump Test Cone and Rod: These tools were used to perform the slump test, assessing the workability of the concrete immediately after mixing, indicative of the mix’s usability.
· Concrete Testing Cubes: Prepared and used for setting aside portions of the mix to cure, which were later tested to measure the concrete’s compressive strength.
· Compressive Strength Test Machine: This machine was utilized to test the cured concrete cubes to evaluate their compressive strength, ensuring that the mix met or exceeded the specified strength requirements.
· Trowel: Used for smoothing and finishing the concrete in the testing cubes and during the mixing process to ensure even distribution of materials.
· Scales: Precision scales were critical for accurately measuring the quantities of cement, aggregates, water, and plastic replacements to maintain the integrity of the mix proportions.
· Wire Brush: Employed for cleaning the aggregates and ensuring that the surfaces of mixing equipment were free of residual materials between batches to prevent contamination.
· Buckets: Two buckets were used for transporting and mixing smaller quantities of materials, particularly when adjusting water content and mixing in plastic aggregates.
· Sand and Water: Sand was used as the fine aggregate, and water was measured and mixed to achieve the correct hydration and consistency of the concrete.
· Beaker: Utilized for precise measurement of water to maintain the specified water-cement ratio.
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1. Preparation and Safety Measures:
· Ensure that all team members are equipped with the correct personal protective equipment (PPE) including safety boots, lab coats, safety glasses, and gloves, particularly when handling materials.
2. Sieve Analysis Setup:
· Set up the sieve analysis machine with a stack of 10 sieves ranging from 16mm to 80 and a collecting base to analyze the aggregate sizes and distribution.
3. Aggregate Grading:
· Load the sieve tower with a combination of aggregates to assess their size distribution. This step helps in determining the correct ratio of aggregates for the mix.
4. Aggregate Segregation:
· Run the sieve machine for a standard time of 2 minutes to segregate the aggregates into respective sizes. Collect and weigh the aggregates from each sieve, categorizing them into fine (less than 4mm) and coarse (greater than 4mm) aggregates.
5. Material Weighing:
· Weigh out 7.1 kg of Portland cement and prepare 3.9 kg of water for the mix. Segregate the weighed aggregates into fine and coarse categories as determined by the sieve analysis.
6. Mix Preparation:
· Set up the cement mixer in the laboratory. Add all materials including cement, water, fine and coarse aggregates, and plastic aggregate replacements (if applicable) into the mixer.
7. Mixing Process:
· Mix the ingredients for approximately 5 minutes to achieve a homogeneous mixture. Ensure the mix is poured onto a large metal tray to avoid leaving excess concrete in the mixer.
8. Slump Test:
· Pour the concrete into the slump testing apparatus and use a tamping rod to compact the mix adequately. Measure the slump using a measuring tape to ensure it approximates the desired slump of ~100mm.
9. Sample Casting:
· Brush coat the casting blocks with a releasing agent to prevent the concrete from adhering to the edges. Pour the mixed concrete into the blocks and ensure it is evenly distributed and compacted.
10. Curing Process:
· Place the filled casting blocks into a water bath to cure for 7 days, allowing the concrete to achieve approximately 90% of its strength.
11. Demoulding and Labeling:
· After 7 days, remove the samples from the molds, and label them carefully to maintain identification and track testing results.
12. Compression Testing Setup:
· Set up the MATEST Compression Testing Machine with parameters including a compression speed of 0.600 MPa/sec, a starting load of 1000 Kn, and a stop load at 10%.
13. Initial Testing:
· Test each sample in the compression testing machine, documenting the results for each sample in terms of compressive strength and weight.
14. Revaluation and Correction:
· In case of failure to meet strength specifications as observed in the first standard mix, analyze potential causes such as incorrect water measurement or inadequate fine aggregate. Redo the experiment with corrected values to ensure the mix meets the designed specifications.
15. Repeat Experiment (if necessary):
· If the first experiment fails, redo the mixing and testing process using the corrected parameters and materials, ensuring to follow the steps meticulously to prevent human error and resource limitations.
16. Final Testing of Redone Mix:
· Test the samples from the corrected batch using the same equipment and parameters, documenting the final compressive strengths to compare against the designed specifications.
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The purpose of the experiment was to see how the compressive strength of concrete would change if plastic were used in place of aggregate. To find out how well plastic replaces aggregate, data from three distinct mixes—standard, 2%, and 5%—were examined.
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Figure 1 Shows the writeup for Standard Mix
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Figure 2 Shows the writeup for 2% Aggregate
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Figure 3 Shows the writeup for 5% Aggregate.


Standard Mix Results
· First Attempt: The initial standard mix was considered a complete failure. The compressive strengths varied significantly, with the highest recorded at 185.298 kN and the lowest at 41.456 kN, averaging at 138.305 kN. The variability and generally low strength were due to a mix that was too wet and lacked cohesion, possibly because of insufficient fine aggregate and an error in calculating the water content.
· Second Attempt: By making necessary adjustments to the mix, the results saw a significant improvement. The compressive strengths exhibited a significant increase and maintained a remarkable level of consistency, varying between 202.267 kN and 246.587 kN, with an average of 213.471 kN. This shows that by using the right mix proportions, the desired concrete strength can be achieved.
Plastic Aggregate Replacement Results
· 2% Replacement: The mix containing 2% plastic replacement exhibited a decrease in strength when compared to the standard mix. The compressive strengths ranged from 136.253 kN to 215.155 kN, with an average of 180.791 kN. Based on the findings, it was determined that incorporating plastic into the concrete did not yield any significant enhancement in its strength.
· 5% Replacement: The strength of this mix continued to decrease, with results ranging from 144.845 kN to 177.279 kN, averaging 157.148 kN. The consistent range indicated a level of stability in the mix, but it also revealed a decrease in strength as the plastic content increased.
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The results demonstrate that using plastic as a partial replacement for aggregate does not enhance the compressive strength of concrete; instead, it results in a decrease. This finding goes against some literature that suggests a strength increase with partial plastic replacement. The experiments emphasized the importance of correct mix design and the potential consequences of insufficient curing time and improper material proportions.

The experiment's challenges, including the initial failure of the standard mix and the lower strengths in plastic-replacement mixes, highlight the significance of careful planning and precise execution in materials testing. It emphasizes the importance of allowing for longer curing times to reach maximum material strength. Generally, only 70-80% strength is attained within the initial 7 days.

[bookmark: _Toc165484278]CONCLUSION
According to the study, incorporating plastic as a partial replacement for aggregate in concrete can help reduce the environmental impact by decreasing the reliance on natural aggregates. However, it does not improve the mechanical properties of the material. Additional research and optimization of the concrete mix design are necessary to enhance the results of incorporating recycled plastic in concrete, guaranteeing both sustainability and structural integrity.
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Concrete Mix Design Form (BRE method) Job title: 5% Plastic Fibres
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