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[bookmark: _Toc165287071]Introduction 
With concrete being the most frequent material used in construction, it is deemed to be ‘responsible for 4-8% of the worlds CO2’ in this report we will evaluate different procedures that can be used to lessen or overcome the emissions of CO2 through the concrete making process. It is important that we create a more sustainable planet for future generations, and overcoming concrete emissions could have a drastic impact on bettering the overall environmental area as a whole.

[bookmark: _Toc165287072]Carbon dioxide absorbing concrete. 
The production of creating concrete as well as mining the raw materials creates a lot of pollution due to the quarrying of the raw materials such as sands and other aggregates. In regard to this a company called Novacem hope to create a concrete that absorbs CO2 instead of emitting it during production, which is a big breakthrough. However, it is still in its trial period, but Novacem are so confident in their research and testing that they have invested 1.5 million pound in initiating a pilot plant.
Researchers at London-based Novacem, a British concrete maker, say they have created a new type of concrete that can successfully absorb enormous volumes of carbon dioxide as it solidifies. Magnesium sulphate, a different basic ingredient used in Novacem's new concrete, requires significantly less heating. According to Novacem, up to 0.6 tonnes of CO2 can be absorbed by every tonne of cement. This contrasts with estimates that state that 0.4 tonnes of CO2 are released for every tonne of old-style cement. That is 1.0 tonnes of CO2 being prevented from emitting into the atmosphere.
[bookmark: _Toc165287073]Re-using aggregate from old concrete structures for sustainable development.
If you didn't already know, CDEW stands for Construction, Demolition, and Excavation Waste, and it's a term that's frequently used in the construction business. And you ought to be discussing it if you aren't already. More than a third of all garbage produced in Europe is classified as CDEW, and over 120 million tonnes of CDEW waste are produced annually in the UK. Because of this, recycling gives the most common material used in the building sector a new lease of life.
Concrete can be re-used once it reaches its end-of-life cycle. This can be achieved by putting old concrete through the process of breaking and removing any other waste materials. The re-use holds many environmental gains such as less dependent on the extraction of new finite natural resources. Not only the pollution of gathering these materials but also the transportation. The re-use also produces less emissions with RCA concrete over virgin resources. Another positive is the RCA concrete is lighter so more volume per tonne. Meaning more older structures will be used in the process.
[bookmark: _Toc165287074]Green Concrete 
"Green concrete" is concrete that is produced using environmentally friendly concrete waste. The term "green concrete" refers to concrete that has undergone additional measures throughout the mix design and laying process to provide a long-life cycle and minimal maintenance surface. e.g., wastewater, CO2 emissions, energy conservation.
Green concrete, also known as eco-friendly or sustainable concrete, represents a significant advancement in the construction industry's quest for sustainability. Traditional concrete, while durable and versatile, has a substantial environmental footprint due to its high carbon emissions and energy-intensive production process. In contrast, green concrete offers a promising solution by incorporating eco-friendly materials and innovative manufacturing techniques, thereby reducing its environmental impact. Here's how green concrete achieves sustainability across various aspects:
Raw Materials: One of the primary ways green concretes promotes sustainability is through the use of recycled materials. By incorporating industrial by-products such as fly ash, slag, and recycled aggregates from demolished structures, green concrete reduces the demand for virgin materials, conserving natural resources and minimizing waste disposal. Additionally, the use of supplementary cementitious materials like silica fume decreases the reliance on traditional cement production, which is a major source of carbon dioxide emissions.
Energy Efficiency: Sustainable concrete production emphasizes energy-efficient practices throughout the manufacturing process. Technologies such as energy-efficient kilns, renewable energy sources, and optimized curing techniques help minimize energy consumption and enhance overall production efficiency. By reducing energy inputs, green concrete conserves resources and mitigates environmental impact, making it a more sustainable choice for construction projects.
Durability and longevity: The compressive strength of green concrete is usually less than conventional concrete, however with the help of high-quality materials its strength can be obtained to desired strength. In terms of durability if properly designed, constructed, and maintained can serve the same purpose as conventional concretes designed service life.
Waste Reduction: By utilizing recycled materials and industrial by-products, green concrete minimizes waste generation and promotes a circular economy within the construction sector. Reclaiming materials that would otherwise end up in landfills reduces environmental pollution and conserves valuable resources. Moreover, the incorporation of recycled aggregates and supplementary cementitious materials reduces the environmental impact associated with extracting, processing, and transporting raw materials for concrete production.
In conclusion, green concrete offers a sustainable alternative to traditional concrete by incorporating recycled materials, reducing carbon emissions, optimizing energy efficiency, enhancing durability, and minimizing waste generation. By embracing eco-friendly practices and innovative technologies, the construction industry can significantly reduce its environmental footprint while meeting the growing demand for resilient and sustainable infrastructure.
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The purpose of this experiment was test whether the use of plastic as a replacement of aggregate had an effect on the compressive strength of a concrete mix, we tested a standard mix following a list of parameters which will later be stated. After gaining the results on the standard mix 2 other mixes were done following the same procedure however each mix having a plastic replacement of 2% and 5% to both fine and coarse aggregate.

[bookmark: _Toc165287076]Mix Design
The mix design is crucial process, it involves several steps, calculations, and parameters. These will have an effect on the material required in order for the concrete mix to reach its desired strength and durability. The Parameters put in place for this mix design are the following:
Characteristic compressive strength (f`c), 25N/mm2 at 28 days

 Portland cement class 42.5

 Slump required up to 100mm.

 Coarse aggregate, uncrushed up to 20mm and ratio of 1:2

 Max free water cement ratio 0.5

 Minimum cement content 390 kg/m3

 Aggregate relative density 2.5

Fine aggregate 90% passing 600-micron sieve.
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After completing the BRE method sheet this allowed us to understand the amount of fine and coarse aggregate was needed as well as cement and water content with all weights of material being measured in Kilograms and water in ml.
Once all weights were determined, we were required to carry out a sieve analysis test in order to segregate both fine and coarse aggregate. So, to begin the experiment we gathered all the equipment required in order to complete the test successfully. 
Below is a list of equipment used:
· Sieves (Size range 16mm-80um).
· Trays-Hold material that is extracted from each sieve.
· Scales- Measure weight of material.
· Wire Brush- Brush any material caught in the sieve’s grids.
· 2x buckets- To segregate fine and coarse aggregate to place into mixer.
· Sand -Fine material for the mix.
· Water- Part of the concrete mix 
· Beaker-To measure water content.
· Standard Portland Cement- Part of the concrete mix 
· Crushed stone up to 20mm.
· Mixer 
· Slump test cone and rod.
· Concrete testing cubes 100mm x 100mm x 100mm 
· Compressive strength test machine.
· Trowel- Smooth off excess concrete in moulds


[bookmark: _Toc165287078]Experiment Procedure 
1.  Before conducting the experiment, we placed on all relevant PPE.
2. After that, we placed all the sieves onto the shaker, the sieves are arranged and placed in order with the larger mesh openings at the top and smallest at the bottom, this allows the sieves to segregate the aggregate to their correct sizing which will later allow us to identify the fine and coarse aggregate. The sieves were placed in the following sequence of sizing 16mm,8mm,4mm,2mm,1.6mm,1mm,500um,125um and finally 80um and a catching tray at the bottom for any finer grain sizes than 80um.
3. Once sieves are set material will be added to the top, the lid will then be placed on and secured down with a bar and thread bolts.
4. Following that, once everything is secured the shaker will be set to vibrate for 2 minutes (120 seconds) this will allow material to filter through the sieves into their own specific sieve size.
5. Each sieve will carefully be pulled from the stack of sieves and all material in the sieve will be placed into a tray that is already placed on the scale (0.1% accuracy) and ‘zeroed’ the weight will then be noted. When removing the aggregate from the smaller sieve sizes we used a wire brush to remove any material caught in the mesh.
6. The previous step will be repeated for all sieves, once weight is taken aggregate will be placed in two separate buckets one for fine and one for coarse aggregate this will be determined on all aggregate in sieves which are higher than 4mm are placed in course and anything below is considered fine.
7. Once all aggregate is segregated overall weight of each material (fine and coarse) will be matched the required ratio, this ratio can be identified in the BRE method. We required 14kg coarse and 7kg of fine aggregate, this was worked out from calculating the square meter amount and then altering the weight to suit for the amount of samples cubes in our case was 6 cubes at (100mm x 100mm x 100mm).
8. If material isn’t at correct weight, whether that’s too little or too much aggregate in either type, then material will need to be added or removed, if removed that can be easily done by removing aggregate until the correct value shows on the scales. If more is required, then all previous steps will need to be done in order to filter the aggregate and use correct sizes to boost to required weight.
9. All aggregate is gathered, and ready for mix. Cement and water were also needed in order to create a concrete mix, information of the weight of the two were gathered from the BRE method sheet, 7.1kg of standard Portland cement was required as well as 3.9kg of water. Both were weighed and set aside ready for the mixing process.
10. To begin mixing our materials we set up a cement mixer and tray to avoid any mess, once we were all set up, we started up the mixer and began adding our aggregate, cement, and water. It was left to mix for 2 minutes giving enough time to allow the mix to merge.
11. We then tipped the mix out onto the floor tray. We then proceeded to preform a slump test on the mix, we placed the slump cone on the level surface of the tray which acted as a base plate, we filled the cone with the concrete and began compacting the concrete with the use of a tamping rod at intervals of a 3rd of the cone’s height. Once fully compacted and smoothed off to the top of the cone opening, we removed the cone. This resulted in the concrete ‘slumping’.
12. We set the cone up next to the concrete pile and measured down with a tape measure, giving us a slump value (the results can be seen further down in the report).
13. After gathering the measurements and noting down we prepared the test cubes with a liquid around the sides of the cubes to avoid the concrete sticking to it. 
14. The concrete was then placed in the cubes and again with the use of the tamping rod, was compacted at regular intervals. This was repeated for all samples.
15. The samples were then left to dry/harden and stored in water for 7 days ready for testing of compressive strength.









[bookmark: _Toc165287079]Standard mix results
The mix was left to cure for seven days before being tested for their compressive strength, there was 6 samples made with the mix which were first labelled ‘A, B, C, D, E, F’ with a marker pen on the cubes themselves in order to avoid any errors/mistakes when taking the compressive strength loads. The results can be seen 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



[bookmark: _Toc165287080]Mix Design with Plastic Replacement
The Procedure was then repeated another 2 times with both times, however an overall of 2% and 5% were removed from each of the mixes and replaced with 2% and 5% of a fine and course plastic. The slump was then tested on these after being mixed and had around a 80mm slump. The mix was then placed into testing cubes in layers and compacted. We then re-visited the cubes after the curing period of 7 days and tested the 2 mixes (5% and 2%) this would then allow us to compare all 3 mixes compressive strength. 
When the procedure was repeated and plastic replacement was added, the 2% had a 140g fine plastic replacement and 280g of coarse replacement plastic. Whereas the 5% had 350g of fine plastic and 700g of coarse plastic replaced. This was all governed by the standard mix ratios and weights.
NOTE:
We only managed to get 4 testing cubes worth of concrete on the 2% plastic replacement and 6 testing cubes on the 5%. 
[bookmark: _Toc165287081]2% Replacement Mix Results
The cubes were again labelled with a permanent marker to avoid mixing up compressive strength readings between each cube.
	SAMPLE 
	COMPRESSIVE STRENGTH (KN)

	A
	160.324

	B
	211.432

	C
	136.253

	D
	215.155

	AVERAGE 
	180.791




[bookmark: _Toc165287082]5% Replacement Mix Results
	SAMPLE 
	COMPRESSIVE STRENGHT (KN)

	A
	147.279

	B
	177.279

	C
	144.845

	D
	148.067

	E
	163.747

	F
	161.671

	AVERAGE 
	157.148


[bookmark: _Toc165287083]Slump Values 
The slump values were taken for all 3 mixes, the required slump was 100mm. The following mixes slump values were.
	Design Mix
	Slump (mm)

	Standard Mix
	110mm

	2% Replacement 
	95mm

	5% Replacement 
	92mm



The overall results of the slump were relatively close, with the plastic replacements being slightly stiffer than the desired mix and the standard mix being slightly more ‘workable’ than required.


[bookmark: _Toc165287084]Conclusion 
After all samples have been tested, it shows that by adding plastic as a replacement over aggregate has a negative effect on the concrete’s compressive strength value. This can be seen in the tables above, comparing the average compressive strength between the 3 mixes with the standard mix having an average of 213.417 KN and the 5% replacement mix averaging at 157.148 KN. However, the standard mix still did not meet the required 25Kn/mm2. A potential reason the concrete cubes didn’t reach the compressive strength required, could be due to the fact the concrete was tested after 7 days whereas stated in the parameters that it must reach the 25Kn/mm2 after 28 days curing. In terms of slump the slump as more plastic was added to the mix the slump decreased slightly. This would make the concrete less workable due to being stiffer mix. The overall difference between the standard mix and the 5% replacement mix was 18mm slump.
Recommendations 
Some recommendations that could be used if the test was to be done again would be to make a larger mix which would allow us to have more samples and a greater number of readings to support evidence that the replacement of aggregate with plastic has a negative effect on compressive strength. Also, test the cubes after allowing them to cure for the full 28 days. Another problem we come across was, lack of time. The reasons to this was due to only having a 2 hour time slot to create the mix through filtering it through sieves, mixing and doing the slump test and cubes, originally there was 4 people doing the experiment but ended up only having two so more work was required by the two instead of distributing the work between more people resulting in working more effectively due to less work for each individual. This could’ve been the reason the mixes weren’t up to the required strengths as errors could’ve gone unseen due to the rush of creating the mix.
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