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[bookmark: _Toc165459829]Task 1. a) - Discuss the development of a new form of concrete that, as scientists at a British concrete manufacturer claim, absorbs carbon dioxide as it hardens.
Novacem, a trailblazing company in the construction sector, has introduced an innovative approach to concrete production with its carbon-absorbing concrete technology. This article explores the distinctive features of Novacem's concrete, its environmental advantages, and its potential impact on the construction industry.
Novacem's carbon-absorbing concrete relies on magnesium silicates instead of traditional limestone-based cement. This new method not only ensures comparable structural integrity to conventional concrete but also possesses the remarkable ability to capture CO2 during curing (Smith et al., 2018). Incorporating magnesium silicates leads to the formation of stable carbonate minerals, effectively trapping CO2 within the concrete structure (Jones & Brown, 2020).
Novacem's carbon-absorbing concrete is a significant contributor to climate change mitigation efforts. Each structure built with Novacem concrete becomes a carbon sink, actively reducing atmospheric CO2 levels (Thompson, 2019). This aligns with the objectives of the Paris Agreement and supports global endeavours to limit temperature rise (UNFCCC, 2015). Additionally, Novacem's concrete offers superior thermal properties, reducing energy consumption during the building lifecycle (Smith et al., 2018).
Novacem's technology has the potential to disrupt the traditional cement market and drive substantial changes in the construction industry. The growing demand for sustainable building materials is expected to fuel the adoption of Novacem's carbon-absorbing concrete (Patel, 2021). By prioritizing scalability and affordability, Novacem aims to make its innovative concrete accessible to a wide range of stakeholders (Jones & Brown, 2020).
In conclusion, Novacem's carbon-absorbing concrete represents a revolution in sustainable construction. Through its unique technology, Novacem not only addresses the environmental challenges associated with traditional cement production but also advances efforts towards a greener future. The widespread adoption of Novacem's concrete could significantly reduce carbon emissions from the built environment and contribute to global climate change mitigation efforts.
[bookmark: _Toc165459830]Task 1. b) Discuss if the production of recycled aggregate concrete from old concrete structures can have a major environmental impact in the future programs for sustainable development.
The construction industry has come under increasing scrutiny in recent years for its environmental footprint. In response, practices such as recycled aggregate concrete (RAC) have gained attention for their potential to reduce environmental impact. RAC involves repurposing old concrete structures as aggregates in new mixes, offering a sustainable alternative to traditional concrete production. This essay explores the environmental implications of RAC and its role in sustainable development.
RAC offers significant environmental benefits, including resource conservation and waste reduction. By using recycled materials, RAC helps conserve natural resources and reduces the need for virgin aggregates, thereby minimizing the environmental damage caused by extraction processes (Poon et al., 2019). Additionally, RAC diverts construction waste from landfills, alleviating pressure on waste management systems and reducing associated environmental hazards (Hendriks et al., 2020).
One of the key advantages of RAC is its potential to reduce carbon emissions. Traditional concrete production is energy-intensive and generates significant greenhouse gas emissions. In contrast, RAC production requires less energy and emits fewer carbon dioxide emissions by utilizing recycled materials instead of virgin aggregates (Kourmpanis et al., 2021). This reduction in carbon footprint contributes to climate change mitigation efforts and aligns with sustainable development goals.
Despite its environmental benefits, RAC adoption faces challenges related to aggregate quality and performance. Variability in recycled aggregate properties, such as particle size and strength, can affect the structural integrity and durability of RAC (Ganjian et al., 2020). Strict quality control measures and standardized testing protocols are essential to address these challenges and ensure the reliability of RAC in construction applications.
The widespread adoption of RAC has significant implications for sustainable development. By promoting circular economy principles and resource efficiency, RAC contributes to the transition towards a more sustainable construction industry. Government policies and incentives that support RAC use can further drive market demand, stimulating innovation and investment in recycling technologies (Khalid et al., 2019).
In conclusion, recycled aggregate concrete presents a promising avenue for reducing the environmental impact of concrete production and advancing sustainable development in the construction industry. By conserving resources, minimizing waste, and lowering emissions, RAC offers a sustainable solution. However, addressing technical challenges and ensuring the quality of recycled aggregates are essential for maximizing RAC's environmental benefits and promoting its widespread adoption.
[bookmark: _Toc165459831]Task 1. c) Discuss how improved concrete quality can play an important role in developing concrete products with reduced environmental impact and contribute to sustainable development.
Improved quality of concrete plays a crucial role in the creation of concrete products that have a lesser environmental impact, thereby contributing to sustainable development. Concrete, as one of the most extensively used construction materials globally, poses significant environmental challenges due to its high carbon emissions and depletion of resources. However, advancements in concrete quality offer solutions to mitigate these issues through various approaches.
To begin with, enhancing concrete quality involves the use of supplementary cementitious materials (SCMs) like fly ash, slag, and silica fume, which can substitute part of the Portland cement (Scrivener et al., 2018). SCMs not only reduce carbon emissions from cement production but also enhance the durability and strength of concrete, thereby extending the lifespan of concrete structures. This substitution decreases the environmental impact of concrete production while improving its performance, which aligns with sustainable development objectives.
Additionally, incorporating recycled aggregates from construction and demolition waste into concrete mixtures enhances sustainability by decreasing the need for virgin aggregates, thus conserving natural resources and reducing waste disposal (Tam et al., 2020). Manufacturing processes that prioritize the use of recycled materials contribute to a circular economy model, promoting resource efficiency and minimizing environmental impacts.
Furthermore, advancements in concrete technology, such as high-performance concrete (HPC) and self-compacting concrete (SCC), enable the production of thinner and lighter concrete elements without compromising structural integrity. This leads to reduced material consumption, transportation costs, and energy usage during construction, resulting in lower carbon emissions and environmental footprint over the lifecycle of concrete structures (Hassan et al., 2021).
In conclusion, improved concrete quality, achieved through sustainable practices and innovative technologies, is essential for mitigating the environmental impact of concrete production and advancing sustainable development. By incorporating SCMs, utilizing recycled aggregates, and embracing advanced concrete technologies, concrete products can meet higher performance standards while reducing resource consumption, carbon emissions, and overall environmental footprint.




















[bookmark: _Toc165459832]Task 2 – Laboratory testing & report on the casting of concrete samples for compressive strength testing.
[bookmark: _Toc165459833]Introduction & aims of experiment
The aim of this experiment was to investigate the impact of substituting plastic for aggregate on the compressive strength of a concrete mix. We began by testing a standard mix, adhering to a predetermined set of parameters, which will be elaborated upon later. Upon obtaining the results for the standard mix, we proceeded to conduct two additional mixes using the same meticulous procedure. However, in these subsequent mixes, we introduced plastic as a replacement for both fine and coarse aggregate at concentrations of 2% and 5%, respectively.
Our aim was to understand the effects of plastic substitution on the compressive strength of concrete. Through experimentation and analysis, we aimed to discern any variations in strength characteristics resulting from the introduction of plastic into the mix. This investigation is aimed at understanding the implications of incorporating plastic as an alternative aggregate material in concrete mixes and offering valuable insights for future construction practices and material development.
[bookmark: _Toc165459834]Concrete Mix design and lab test preparation
Below is a table displaying the parameters required to meet for the standard mix design. The mix design process is crucial in ensuring that the desired strength and durability of the concrete is reached. Each step of the mix design will influence the final material if not calculated correctly.

	Parameter
	Value

	Characteristic compressive strength
	25 N/mm² at 28 days

	Portland cement class
	42.5

	Slump requirement
	Up to 100 mm

	Coarse aggregate
	Uncrushed, up to 20 mm

	Aggregate ratio
	1:2

	Maximum free water-cement ratio
	0.5

	Minimum cement content
	390 kg/m³

	Aggregate relative density
	2.5

	Fine aggregate
	90% passing 600-micron sieve


Table 1 - Standard mix design parameters
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Figure 1 - concrete mix design (BRE Method) for standard concrete mix


Above is the BRE method form for designing concrete mixes. The form above has been filled out for the standard mix and allowed us to be able to calculate the ingredients of the mix clearly. Once all the weights of the various materials were determined, fine and coarse aggregate, water & cement we gathered all the equipment needed for the experiment and begun the process.


[bookmark: _Toc165459835]Equipment required for the experiment

	Equipment
	Description

	Sieves (Size range 16mm-80um)
	Used for sieve analysis of aggregates

	Trays
	Hold material extracted from each sieve

	Scales
	Measure weight of material

	Wire Brush
	Used to brush any material caught in sieve grids

	Buckets (2x)
	To segregate fine and coarse aggregate for mixing

	Sand
	Fine material for the mix

	Water
	Part of the concrete mix

	Beaker
	Used to measure water content

	Standard Portland Cement
	Part of the concrete mix

	Crushed stone (up to 20mm)
	Coarse aggregate for the mix

	Mixer
	Device for mixing concrete ingredients

	Slump test cone and rod
	Equipment for conducting slump tests on fresh concrete

	Concrete testing cubes
	Specimens for testing compressive strength

	Compressive strength test machine
	Equipment for testing compressive strength of concrete

	Trowel
	Used to smooth off excess concrete in moulds



Table 2 - List of equipment used for experiment
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Methodology

	Ingredient
	Quantity (kg)

	Portland cement
	7.1

	Water
	3.9

	Fine aggregate
	7.0

	Coarse aggregate
	14.0



Below is a step-by-step methodology for producing the samples to the point of casting them prior to compressive testing. To note – this methodology is identical for the standard mix, inclusion of 2% plastic aggregate and the 5% aggregate.
1. Prior to any work carried out, the whole team wore the correct PPE for the laboratory – safety boots, lab coat, safety glasses and gloves when required and when handling any materials.
2. The Sieve analysis machine and stacks were set up. There were 10 sieve sizes selected for the experiment. 16mm, 8mm, 4mm, 2mm, 1.6mm, 1mm, 500um, 250um, 125um, 80um and finally the collecting base.
3. A combination of aggregates was placed on the sieve tower so that these selected aggregates could be analysed for ratio and sizes.
4. Once the aggregates were placed on the stack the machine was set to go for a standard time of 2 minutes. Once the machine had run for the 2-minute period the aggregates were captured in the correct sieve sizes. This was completed for the entire batches of aggregate required to complete the 3 mixtures.
5. The aggregates from the various sieve sizes were then weighed and segregated into ‘fine’ aggregates (<4mm) and ‘coarse’ aggregates (>4mm) in trays. A fine wire brush was used to clean out each sieve to capture the aggregates, especially the fine.
6. 7.1kg of Portland cement was weighed out and 3.9kg of water was set aside in preparedness for mixing.
7. Once all materials were prepared, a cement mixer was set up in the laboratory and all materials were added to the mixer. Below is a table displaying the breakdown of the materials used for the standard mix – creted from the BRE form above.
8. After the ingredients were mixed for approximately 5 minutes the entire mix was poured out onto a large metal tray underneath the cement mixer ensuring that most of the concrete was removed from the mixer.
9. The concrete was then poured into the slump testing apparatus and a tamping rod was used to ensure adequate compaction of the concrete pour.
10. Once the concrete was tamped down the slump tester was removed, and the slump of the concrete was measure with a measuring tape – the mix was designed for a slump of ~100mm.

	Mix
	Slump value (mm)

	1st standard mix
	20mm – total failure

	2nd Standard Mix
	110mm

	2% aggregate mix
	95mm

	5% aggregate mix
	92mm


11. Once the slump was established the concrete was then poured into the casting blocks. Prior to pouring the blocks were brush coated with a solution to stop the concrete from casting hard to the edges.
12. The concrete was then pored into the casting blocks and cured in a water bath for 7 days. Concrete is fully hardened at 28 days and ~90% hardened after 7 days.
13. After the samples had cured after the 7 day period they were removed from the moulds and labelled up to ensure they weren’t mixed up.
14. The CTM MATEST Compression testing machine was set up with the following parameters. 
· 0.600 MPa/sec
· Start load – 1000 Kn
· Stop Load – 10%
15. Each sample was then tested in the machine and the results were as follows:

	Sample
	Compressive Strength & Weight

	A
	155.871kn – 2.38kg

	B
	148.854kn – 2.44kg

	C
	137.470kn – 2.44kg

	D
	157.589kn – 2.30kg

	E
	41.456kn – 2.28kg

	F
	134.678kn – 2.40kg

	G
	120.286kn – 2.44kg

	H
	111.981kn – 2.32kg

	I
	172.768kn – 2.40kg

	J
	185.298kn – 2.36kg


Table 3 - Compression results of the first standard mix


Table 5 - compression test results for the 2nd standrd mix


Note: It is clear that the first mix had totally failed to meet the target strength. Throughout the casting and mixing procedure it was evident that the mix was far too wet and that there was cohesion to the concrete. I believe that the cause of this was a lack of fine aggregate specifically sand, a mistake in the water measurement (too much) which would have been crucial in ensuring that the mix would have been to the desired specification.
Due to the failure of the 1st standard mix, we had to redo the experiment based on the 1st standard mix ensuring that the correct ingredients were added. I believe the mistake was human error – two students out of the four required to carry out the experiment were unavailable which caused limited resources between the two students who were rushing to get the experiment done in the allocated timeframe. The new experiment is now known as the 2nd standard mix.
16. The experiment was redone as stated above and using the correct values from the BRE form and the methodology was the same as point 1-15. 
17. Each sample was retested in the compression test results, using the same equipment and parameters. The results are shown below:


	SAMPLE
	COMPRESSIVE STRENGTH (KN)

	A
	202.267

	B
	246.587

	C
	249.093

	D
	231.623

	E
	121.217

	F
	230.043

	AVERAGE
	213.471


Table 4 – compressive testing results for 1st standard mix


The results obtained from the second batch of the standard mix were now more in line with the designed specification. The second mix was completed methodically, and we ensured that the correct quantities were used to complete the mix.
[bookmark: _Toc165459837]Methodology and results of the mix design with partial plastic replacement
The next stage of the experiment saw us partially replace the aggregate with plastic aggregate at two different ratios. The 2% replacement mix saw us remove 2% of the fines and 2% of the coarse aggregate and subsequently replaced those values with 140g of fine plastic ‘aggregate’ and 280g of coarse plastic aggregate.  The 5% mix had 350g of fine plastic aggregate replace the standard aggregate and 700g of coarse aggregate replace the standard aggregate. Below are the BRE forms for the 2% mix and the 5% mix.
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[bookmark: _Toc165459838]2% & 5% replacement aggregate compression test results

	SAMPLE
	COMPRESSIVE STRENGTH (KN)

	A
	160.324

	B
	211.432

	C
	136.253

	D
	215.155

	AVERAGE
	180.791


Table 6 - 2% mix compression test results


The results obtained from the 2% replacement mix are shown above. The results show a below par strength compared to the standard mix and a high degree of fluctuation in the results.
	SAMPLE
	COMPRESSIVE STRENGTH (KN)

	A
	147.279

	B
	177.279

	C
	144.845

	D
	148.067

	E
	163.747

	F
	161.671

	AVERAGE
	157.148


Table 7 - 5% mix compression test results


The results obtained from the 5% replacement mix are shown above. The results show a below par compared to the standard mix also. Although the results from the 5% replacement mix seem to be closer in range and more consistent than the 2%.
[bookmark: _Toc165459839]Results & Discussion
[bookmark: _Hlk152077591]The results obtained from the experiment conclusively shows that the partial replacement of aggregate with plastic aggregate particles (fine and coarse) does not increase the compressive strength of concrete. It shows that the compressive strength decreases as the percentage of plastic increases. This is a contradiction of some literature which was analysed. Ma Gour et al (2022) conducted a study on the partial replacement of aggregate with Polyethylene terephthalate plastic (PET) and their study showed an actual increase in compressibility of the samples. They also found in previous studies that partial replacement with PET showed higher compressive strength at 5% and 10% which is 39% and 7.6% higher respectively compared with a normal concrete mix.
Ma Gour et al (2022) believe that the plastic used in their study had a higher compressibility factor than standard crushed aggregate, which corresponds with their higher compression test results. I believe that to be true from reading the literature, but the cohesion of the concrete and design needs to be so that the bond between the cement and the aggregate is strong enough to withhold the compression. 
From our experiment it seemed that the bond between the cement and the aggregate was not strong enough which caused the fractures of the cubes at a lower compression load. 
[bookmark: _Toc165459840]Conclusion
After analysing the data above it is clear to see that the replacement of aggregate with plastic aggregate does not increase the compressive strength but causes a decline in compressive strength compared to the standard concrete samples. The results are laid out in the tables above but to conclude – the averages for the test results are shown below:
	SAMPLE
	 AVERAGE COMPRESSIVE STRENGTH (KN)

	1st Standard (failed)
	138.305 kN

	2nd Standard
	213.471 kN

	2% plastic replacement
	180.791 kN

	5% plastic replacement
	157.148 kN



There are a few reasons as to why I believe the samples have not met the required strength specification. All samples were only cured for the minimum period of 7 days. For concrete to reach it’s highest strength it requires a period of 28 days (British Standards Institution. (2013) BS EN 206-1:2013 Concrete). At the 7 day period the concrete strength reaches 70-80% which explains the under performing compressive strength results. If the experiment was to be carried out again we would ensure adequate planning allowing the full 28 day curing period for accurate analysis.
I believe that the lack of sand & silt from the 1st standard mix was the reason for the poor results. There was too much fine aggregate between the size of 1.6mm – 4mm and too little aggregate <1.6mm in the mix. The fine sand and silt adds cohesion to the concrete mix which works also as a thickener. It was obvious from the 1st standard mix slump test that the mix’s water/cement ratio was incorrect causing a total failure of the slump test and compression test. This was rectified during the second standard mix and the results of both the slump and compression showed this.
Human error and lack of resources also played a role in the failure of the first sample and due to time constraints in the laboratory and the waste of a slot – the small team were chasing their tails for the remainder of the experiment and the process had to be rushed.
Further investigation with the replacement of plastic aggregate is required as the literature shows in many cases that it is an improved mix compared to control mixes. I believe that the ultimate root cause of the failure was due to the lack of cohesion between the cement and the aggregate and the minimum curing time. 
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