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[bookmark: _Toc710254847]1.0 The Atterberg Limits

[bookmark: _Toc110327630]1.1 Introduction
In geotechnical engineering, the Atterberg Limits tests are laboratory experiments used to describe the consistency and plasticity behaviour of fine-grained soils. The critical water contents at which soil changes between solid, semi-solid, plastic, and liquid states are defined by these limits. The moisture content at which soil exhibits plastic deformation without cracking is known as the Plastic Limit (PL), whereas the point at which soil changes from a plastic to a liquid state is known as the Liquid Limit (LL). The soil's plastic range and engineering behaviour can be inferred from the difference between these values, which is called the Plasticity Index (PI).

[bookmark: _Toc951836581]1.2 Methodology

[bookmark: _Toc242415522]1.2.1 Liquid Limit
All the required equipment for the liquid limit test can be seen in figure 1. It is not necessary that the sample is dried beforehand as water will be added to the sample. 4 Containers are selected from figure 2 which are then labelled and weighed. The containers will be used to hold the samples for drying so it is important the weight is accurate. Gradually water is added to the sample and using the spatula is thoroughly mixed. This process is trial and error in order to reach the required consistency to meet 30-40 blows for the first sample. Some part of this process can be seen in figure 3 which was tested but was found to need more water. To test the sample, using the spatula part of the sample is picked up and spread over half the bowl which is shown in figure 4. using the spatula, it is important to make sure that the sample is level and is only 10mm thick, spreading it around will help reduce air bubbles, Returning the excess back into the sample. The from front to back using the gauging groove tool cut a valley through the sample in the centre point, making sure that keeping the same line, if needed to go deeper, to avoid making it too wide, as what can be seen in figure 5. Once it has been cut, turn the crank handle at a rate of 2 revolutions per second which lifts and drops the bowl, which can be seen in figure 6. If below 40 blows mark down the number of blows required, remove the sample and place it into a container. It will then be measured. Repeat the procedure three more times each time, adding more water to get a trend of reduction in blows required.

[image: ]
Figure 1 shows the required equipment for the liquid limit test.

[image: ]
Figure 2 shows all the containers for both tests.

[image: ]
Figure 3 shows a trial-and-error sample.
[image: ]
Figure 4 shows the sample placed in the bowl ready to be cut.

[image: ]
Figure 5 shows the sample cut.
[image: ]
Figure 6 shows the processes of turning the crank handle.

[bookmark: _Toc1704311752]1.2.2 Plastic limit
All the required equipment for the liquid limit test can be seen in figure 7. It is not necessary that the sample is dried beforehand as water will be added to the sample. 3 Containers are selected from figure 2 which are then labelled and weighed. The containers will be used to hold the samples for drying so it is important the weight is accurate. The sample will need to be thoroughly kneaded, and more water or dry sample needs to be added to get the sample to the correct consistency and moisture content. Roll a part of the clay in your hand into a ball, which will allow the warmth from your hands to dry it. As soon as cracks start to appear, divide the ball into three equal parts which will be the three different samples. A rod provided with a diameter of 3mm can be used as a base line, to what the sample needs to be rolled out to. It was found that roiling with the fingers was much more effective than roiling with the palm of the hand. Using equal pressure roll the samples out to 3mm, and once crumbling starts at the 3mm mark, the sample has reached the plastic limit point. Take the sample and place in into the container. Complete this process for the other two samples.

[image: ]
Figure 7 shows the required equipment for the plastic limit test.

Once both tests have been conducted and all the sample have been weighed in their retrospective containers, the containers are put on a metal tray, which can be seen in figure 8, and are placed inside an oven for 24 hours at 100C. After 24 hours the containers are removed from the oven seen in figure 9 and each container is weighed which will allow to collect the weight of the dry samples.

[image: ]
Figure 8 shows the samples ready to be dried.

[image: ]
Figure 9 shows the samples after drying.





[bookmark: _Toc1105175195]1.3 Results and Analysis
There are a few considerations that need to be made and limitations to liquid test. Firstly, the beginning of the liquid limit, as there isn't a given amount of water that is required to be added, it can be a bit trial and error which can take a significant amount of time to reach the desired number of blows for the first sample. Some issues that can happen are if when striking the sample in bowl it is too wide and therefore takes more blows to meet, or if there is too much of sample in the bowl. Every time the blows had been completed, and the sample was finished with it had to be removed, and the bowl cleaned and dried to avoid skewing the results. Also, between different people the speed of blows can vary which means that if the sample were the same it could take different number of blows for the sample to touch.

Secondly, there are considerations and limitations for the plastic limit test. The heat in room can have an impact on the moisture content within the sample, so the room`s temperature may have be needed to be controlled. Also, when roiling the samples the heat from the hands can affect the moisture content, so gloves may be worn. The samples were being rolled on a glass surface, where there could be moisture on. The containers themselves should also be checked for moisture as this can impact the weights measured.

	
	1
	2
	3
	4
	5
	6
	7

	Type of test
	LL
	LL
	LL
	LL
	PL
	PL
	PL

	Container Number
	LL1
	LL2
	LL3
	LL4
	PL1
	PL2
	PL3

	Wt of wet soil + Cont
	13.05
	17.98
	18.86
	15.56
	7.70
	7.80
	7.68

	Wt of dry soil + Cont
	10.73
	14.25
	14.75
	12.36
	7.05
	7.15
	7.09

	Wt of Container
	4.71
	4.68
	4.59
	4.80
	4.76
	4.72
	4.71

	Wt of Moisture
	2.32
	3.73
	4.11
	3.20
	0.65
	0.65
	0.59

	Wt of Dry Soil
	6.02
	9.57
	10.16
	7.56
	2.29
	2.43
	2.38

	Moisture Content
	38.54
	38.98
	40.45
	42.33
	28.38
	26.75
	24.79

	Number of Blows
	39
	31
	26
	14
	N/A
	N/A
	N/A


Table 1 shows the results collected from these experiments.

[bookmark: _Toc580580330]1.4 Conclusion
For the plastic limit as the diameter for the cracking is the same for each sample it is assumed that the moisture content between them would be roughly the same. And looking at table 1, we can whilst the weight of the moisture was similar the moisture content varied by 4%. It can be seen that as the moisture content is increased the number of blows required decreases which shows the material moving into a liquid state.


[bookmark: _Toc598508042]2.0 Constant Head Permeameter

[bookmark: _Toc2064131614]2.1 Introduction
The Constant Head Permeameter test is used to determine the coefficient of permeability (k) of coarse-grained soils, such as sands and gravels. Permeability is a key engineering property that describes the ability of water to flow through soil voids, and it plays a critical role in the analysis of groundwater movement, drainage design, and seepage control.

The test is based on Darcy’s Law, which establishes a relationship between the rate of water flow through a porous medium and the hydraulic gradient applied across it. In the constant head method, a steady flow of water is maintained through a soil specimen under a constant hydraulic head, allowing the flow rate to be measured over time. This method is particularly suitable for soils with relatively high permeability, where measurable flow rates can be achieved.

[bookmark: _Toc1395739310]2.2 Methodology
The setup of the equipment can be seen in figure 10. Figure 11 and figure 12 show both the samples that are being tested. There are two sample that are going to measure, however before any testing can be done, the samples need to be saturated to remove air bubbles which improves the accuracy of the flow rate. To calculate the flow rate the volume of water is measured over certain times in seconds. The time in seconds is determined based on the porosity of the sample, as if it is a very pours sample too long may mean the measuring cylinder will overflow. Also, when measuring the flowrate to increase accuracy there needs to be a countdown to both start and stop collecting water in the measuring cylinder. Furthermore, the measuring cylinder has to be held underneath the permeameter to allow the water to flow, which can be seen in figure 13.

[image: ]
Figure 10 shows the equipment set-up.


[image: ]
Figure 11 shows the first sample.

[image: ]
Figure 12 shows the second sample.

[image: ]
Figure 13 shows where the measuring cylinder must be held to calculate flow rate.

[bookmark: _Toc1717403245]2.3 Results and Analysis
Just before measuring the flow rate, it is important that the hose pipe is only briefly pinched to avoid skyrocketing the pressure.

Length = 14.7cm - 7.5cm = 7.2cm / 100 = 0.072m
Diameter = 78.77mm / 1000 = 0.0078773
Area = *r^2 = 4.87354131*10^-3 m^2


Sample 1
Head 
Left = 86.1cm or 0.861m
Right = 86cm or 0.86m
= 0.001m hydraulic head difference

	Time
	Volume
	Flow rate
	K
	K

	20
	186
	0.000186
	0.1374948665
	0.137

	40
	398
	0.000398
	0.1471047228
	0.147

	60
	595
	0.000595
	0.1466119097
	0.147


Table 2 shows sample 1 results

Average for K = 0.144m/s 1.44m/s * 10 ^-1

Sample 2
Head 
Left = 83.9cm or 0.839m
Right = 17cm or 0.17m
= 0.669m hydraulic head difference

	Time
	Volume
	Flow rate
	K
	K

	40
	360
	0.000360
	1.988931962 * 10 ^-4
	1.989 * 10 ^-4

	80
	700
	0.000700
	1.933683852 * 10 ^-4
	1.934 * 10 ^-4

	100
	905
	0.000905
	1.999981584 * 10 ^-4
	2 * 10 ^-4


Table 3 shows sample 2 results

Average for K = 1.974 * 10 ^-4

[bookmark: _Toc1842515355]2.4 Conclusion
As can be seen from table 1, sample 1 has high porosity, so the pressure difference is small, so that means that there is little effort to drive water through the sample. Whilst it can be seen from table 2, sample 2 has low porosity, so the pressure difference high, so that means that a lot of effort is required to drive water through the sample.



[bookmark: _Toc332522801]3.0 Sieve Analysis

[bookmark: _Toc250220970]3.1 Introduction
The sieve analysis is a geotechnical laboratory experiment that is conducted to determine the particle size distribution of granular soils. The make-up of the soils included the percentage of sand, silt and clay is important to be able to determine the properties of the soil for engineering applications.

The test involves passing a soil sample through a stack of sieves with decreasing sizes, allowing for specific sizes of material retained to be measured. Some sizes are chosen as they are the limits between sand, silts, and clay.
[bookmark: _Toc1083728878]3.2 Methodology
Due to the dust produced PPE included a face mask and glasses must be worn.

To start, a whole number is aimed for, for the original sample weight and in this case the target weight was 1400g, with the true sample weight being 1400.04g, which is shown in figure 14. Using the same scale, the weight of the empty bowl should be measured and zeroed on the scale so only the weight of the sample is shown. This means that the measuring bowl must be kept the same throughout.

[image: ]
Figure 14 shows the recorded weight for the original sample.

The mechanical sieve needs to be setup, as what is shown in figure 15, with the largest opening at the top, going down towards the smallest and then the pan at the bottom. The material sample is then carefully placed into the top sieve to avoid any spillage, and then the lid is closed and fastened shut as what can be shown in figure 16. Set the vibrations for 2 minutes, and once that is up, it can be stopped and the lid removed. Each sieve will need to be removed one by one, and the weight of the sample must be measured. To avoid any material falling off the sieve, travel with it must be kept to a minimum and hand movements must be smooth. Tip the sieve upside above a bowl with a plastic sheet inside it and gently tap the sieve and using a wire brush, if necessary, remove all the material from the sieve into the bowl, as what can be seen in figure 17. The material on the plastic sheet is the transferred over into the measuring bowl, and when dealing with the fine particles uses a brush to sweep any remaining material into the measuring bowl, as material is easily left over which can be shown in figure 18. Each The measuring bowl with the sample are measured and then pour the aggregate back into the sample pan. The repeat the processes for each sieve size and make sure to also empty the pan at the bottom as this is where all the finest materials will sit, which is what can be seen in figure 19.

[image: ]
Figure 15 shows the mechanical sieve set-up.

[image: ]
Figure 16 shows the locking mechanism for the mechanical sieve.

[image: ]
Figure 17 shows the process of removing the material from the sieve using a wire brush onto a plastic sheet.

[image: ]
Figure 18 shows material left over on the plastic sheet.

[image: ]
Figure 19 shows the remaining material from the pan.

[bookmark: _Toc93397735]3.3 Results and Analysis
Table 4 shows the results collected from the sieve analysis. It can be seen that it does not match the total original weight of 1400.04g, and there has been a loss of 4.275g. It also shows there is a percentage passing through the pan, which is not possible, and it was potential lost due to several other reasons. The percentage difference between the original weight and recorded weight is in error of roughly 0.03% which is within tolerance.

Similarly to other tests, there are going to be limitations. The first notable reason as to why the material weight would be less after conducting the sieve analysis is because as the vibrating function was happing and after the lid was removed a lot of dust and fine particles came out into the atmosphere. As stated previously, wire brushes had to be used to unstick the material, which could mean there was material left over on the brushes, on the other hand there could be material left on the brushes from previous experiments that can contaminate the sample. When brushing the fine particles Another issue that was noted, is that there was slight damage to some of the sieve material, where the hole was larger than what it should be, allowing too much material through. When separating the sieves that seemed to be slight stuck together which if too much force is used will cause material to be lost. The sample was oven dried for 24 hours at 100c to remove the moisture content, however during the testing the general humidity of the lab can affect the sample.

	Sieve Size
	Mass (g)
	% on Sieve
	% Passing

	2
	10.96
	0.78
	99.42

	1.18
	19.13
	1.37
	97.85

	600
	131.85
	9.42
	88.43

	425
	309.43
	22.10
	66.33

	300
	303.42
	21.67
	44.66

	63
	558.36
	39.88
	4.78

	53
	55.88
	3.99
	0.79

	45
	5.08
	0.36
	0.43

	38
	0.83
	0.059
	0.0371

	20
	0.81
	0.057
	0.314

	Pan
	0.04
	0.0028
	0.3112

	
	1395.79
	
	


Table 4 shows the results from the sieve analysis.

[bookmark: _Toc1403581481]3.4 Conclusion
To conclude we can gather that the sample made up of 55.34% sands, 44.346% silts, and 0.0028% clay, which using the triangular graph of soil texture we get a sandy loam.


[bookmark: _Toc993635598]4.0 Appendix
[image: ]
Figure 20 shows sample PL2 weighed when wet.

[image: ]
Figure 21 shows sample LL2 weighed when dry.

[image: ]
Figure 22 shows sample PL3 weighed when dry.

[image: ]
Figure 23 shows container PL1 weighed empty.

[image: ]
Figure 24 shows sample LL1 weighed when dry.

[image: ]
Figure 25 shows sample PL2 weighed when dry.

[image: ]
Figure 26 shows sample LL3 weighed when dry.

[image: ]
Figure 27 shows sample LL2 weighed when wet.

[image: ]
Figure 28 shows sample LL3 weighed when wet.

[image: ]
Figure 29 shows sample LL4 weighed when dry.

[image: ]
Figure 30 shows the recorded weight from the 2mm sieve.

[image: ]
Figure 31 shows the recorded weight from the 1.18mm sieve.

[image: ]
Figure 32 shows the recorded weight from the 600mic sieve.

[image: ]
Figure 33 shows the recorded weight from the 425micmic sieve.

[image: ]
Figure 34 shows the recorded weight from the 53mic sieve.

[image: ]
Figure 35 shows the recorded weight from the 20mic sieve.
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