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1.0) The Atterberg Limits Test

1.1) Introduction-
The Atterberg Limits test stands as a cornerstone in geotechnical engineering, providing critical insights into soil behavior under varying moisture conditions. Developed by Swedish scientist Albert Atterberg in the early 20th century, this test method evaluates the consistency and plasticity of fine-grained soils, aiding engineers and geologists in determining soil suitability for construction projects, predicting foundation performance, and assessing soil stability. (TrenchLess, 2023)
At its core, the Atterberg Limits test assesses the water content at which soil transitions between different states of consistency: from solid to semisolid, and eventually to liquid. The three primary limits examined in this test are the plastic limit (PL), liquid limit (LL), and shrinkage limit (SL), each offering unique information about soil behavior.
The plastic limit (PL)- signifies the water content at which a soil shifts from a semisolid to a plastic state, losing its ability to deform without cracking. This limit is crucial in understanding a soil's moldability and its capacity to retain shape under various loads.
In contrast, the liquid limit (LL)- represents the moisture content at which a soil exhibits a viscous, liquid-like behavior. Determining the liquid limit helps engineers gauge a soil's susceptibility to flow and deformation, particularly under dynamic forces like earthquakes or heavy rainfall.
Additionally, the shrinkage limit (SL) indicates the minimum water content at which further loss of moisture does not result in additional volume reduction. Understanding this limit aids in predicting soil volume changes due to fluctuations in moisture content, guiding construction practices to mitigate potential damage or instability. (PRASAD, n/a) (Backus, 2023)
The Atterberg Limits test procedure typically involves manipulating soil samples of known masses with varying water content until specific consistency boundaries are reached. This process often employs standardized apparatuses such as the Casagrande cup for liquid limit determination and the rolling method for plastic limit assessment. Overall, the Atterberg Limits test serves as a fundamental tool in characterizing soil behavior, providing valuable data for informed decision-making in geotechnical engineering projects and ensuring the safety and stability of built environments. (Mustaq, n/a)
1.2) Methodology of Liquid Limit-
The method that is used to determine the Liquid Limit of a soil sample was originally carried out by Albert Atterberg in 1911 where the use of the ‘Casagrande cup’ apparatus. The methodology for this collection of data is provided below with inclusion of apparatus-
Equipment:
· Casagrande cup
· Soil sample
· Digital scales
· Spatula
· Grooving tool
· Wash bottle filled with distilled water
· Metal mixing bowl
· Metal containers (marked for each sample)
· Oven set at 105°C
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Figure 1- Equipment used in the Casagrande cup method test-

Methodology steps:
Note- Metal containers labeled; LL1, LL2, LL3, LL4 to differentiate the samples.
1. Weigh the four containers and record the results into the table. The weight of the containers is important as we can deduct this weight from the total weight with sample resulting in true sample weight.
2. The soil sample was then added to the metal mixing bowl and thoroughly mixed with increments of distilled water (1-2mm) until sample becomes a similar consistency to clay (this is a trial and error test to ensure correct consistency is obtained.) This sample should endure 30-35 drops in the Casagrande device to achieve a groove gap closure of 12mm thus conforming with the British Standard ‘BS 13177-7:1990’ (British Standards Institution, 1990)
3. At the point where the sample is at the right consistency, it is then leveled off into the Casagrande cup using the spatula removing any air within the sample at a depth of 10mm.
4. Ensure all excess soil is placed back into the mixing bowl.
5. Using the grooving tool we cut into the sample from back to front of the Casagrande cup in one motion 3 times for a clear groove as shown in figure 2.Figure 2- Casagrande Bowl with groove in soil sample-
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6. We ensured the Casagrande device was zeroed to accurately count the amount of blows the sample takes.
7. By cranking the handle at the rate of 2 revolutions per second the sample begins to close the groove gap, when this gap closed by 12mm the revolutions were stopped.
8. The number of blows the sample endured to close the groove gap were then added to the results table (to begin with the amount of blows should be 30-35)
9. With the spatula we removed a strip of the sample in the Casagrande cup from left to right ensuring to proceed through the groove. This section of the sample is then placed into one of the labeled containers.
10.  Next we weighed the sample in the labelled container using the digital scales(figure 3), the result was then presented in the results table.
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Description automatically generated]Figure 3- Weighing of Labelled Containers Containing Sample


11. These steps were then repeated another 3 times with the same sample while increasing the moisture content each time by adding more water, this resulted in blows decreasing as the moisture content increased; the objective was to get a range of results from 35-15 blows.


12.  After carrying out this test for all 4 samples the samples were then placed into the oven at 105°C and left for 24 hours as seen in figure 4. The samples were then re weighed after drying and results placed into the results table, with this collection of data moisture contents could then be obtained by calculation.
Figure 4- Samples in 105°C Oven for 24 hours-
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1.3) Methodology of Plastic Limit-
The moisture content of soil at which it starts to act like a plastic material is known as its plastic limit. Rolling the soil into 3.2mm diameter threads will cause it to break apart at this water content (plastic limit). (Hamakareem, 2023)

Equipment:
· Soil samples
· Distilled water
· Digital scales
· 3mm rod around 100mm long
· Spatula
· Metal mixing bowl
· Metal containers (marked for each sample)
· Oven 
Methodology Steps:
1.) Three containers were labelled and weighed and data added to the table, this was done to determine the weight of the soil sample when weighed in the containers later.
2.) The sample is then taken and water added in adequate amounts for a clay like consistency, the sample was then kneaded.
3.) Sample was then rolled into a sphere using our hands warming the sample slightly.
4.) After the ball has started to dry out slightly and show some cracking we separated the sample into 3 separate samples.
5.) The ball of clay was then rolled out to resemble a wooden rod from around 6mm and then rolled out again by our palms of our hands in a palm to finger motion to reduce the diameter to around 3mm with pressure from our palms.
6.) This process was then completed for each sample until cracks began to show and then crumbled apart, at this point it resembles the shearing of the sample both longitudinally and transversely. The crumbling point is the plastic limit moisture content.
7.) After this was obtained from all samples, the individual samples were placed into their containers and weighed with the digital scales, the data collected was then filled into the table.
8.) Soil samples were then placed onto a metal tray and placed into the oven for 24hours, after this time the samples were then re weighed and data collected.
9.) The average of all three samples were then taken and thus produced the moisture content mean, or the Plastic Limit moisture content. 

1.4) Results and Conclusion-
	Column1
	1
	2
	3
	4
	5
	6
	7

	Type of Test
	LL 1
	LL 2
	LL 3
	LL 4
	PL 1
	PL 2
	PL 3

	Container number
	LL 1
	LL 2
	LL 3
	LL 4
	PL 1
	PL 2
	PL 3

	Weight of wet soil + container (g)
	14.56
	12.63
	15.6
	14.54
	7.96
	7.97
	8.55

	Weight of dry soil + container (g)
	12.49
	10.99
	13.3
	12.47
	7.43
	7.48
	7.95

	Weight of container(g)
	4.71
	4.74
	4.72
	4.72
	4.66
	4.76
	4.76

	Weight of moisture (g)
	2.07
	1.64
	2.3
	2.07
	0.53
	0.49
	0.6

	Weight of dry soil (g)
	7.78
	6.25
	8.58
	7.75
	2.77
	2.72
	3.19

	Moisture content
	26.61
	26.24
	26.81
	26.71
	19.13
	18.01
	18.81

	Number of blows
	31
	26
	22
	19
	 
	 
	 



In order for us to calculate the ‘Weight of moisture' the equation was as follows=
Weight of wet soil and container – weight of dry soil and container 
(e.g. LL2= 12.63 – 10.99= 1.64)

To calculate the ‘Weight of dry soil’= 
Weight of dry soil and container – weight of container= Weight of dry soil.

To calculate the ‘Moisture content’=
Weight of moisture x 100 = Moisture content
Weight of dry soil
After carrying these steps out for each sample to visualise the data by plotting a graph such as bellow showing the number of blows on the X axis and the liquid limit % on the Y axis.
Conclusion-
Liquid and Plastic limits were both obtained by carrying out the Atterberg Tests, the classification of the soil sample was also obtained by using the plasticity index in this case our soil sample was a silty clay due to the Plasticity index being around the 7-17% range making the sample medium plastic and also cohesive. This is essential within civil engineering as the moisture content in underlying strata can have effect on foundation types and groundwork for infrastructure. From the results of the tests we can see that from an engineering standpoint the plasticity can have an effect on the shear strength of the strata, for example the higher the plasticity the higher the chance of soil failing under shear/effective stresses.

2.0) Constant Head Permeameter Test 
2.1) Introduction-
One of the most important tools for characterising the permeability of soil and rock formations in hydrogeological research is the constant head permeameter test. This test is an essential tool for the investigation and management of ground water as it provides valuable information about the flow and storage of subsurface fluids, which may be utilised when making decisions on civil works whether that be foundation types or substructure make ups for roads. (Tech, 2020)
Sand and gravel soils are acceptable for this type of test. This approach is not suitable for testing soils that contain silt. The test can be used to evaluate disturbed or reconstituted granular soils. (Mishra, n/a)
The basis for the coefficient of permeability is Darcy's Law. Henry Darcy detailed his water flow experiment through a porous medium in a report that was published in 1856. The end product was a mathematical equation that states that the potential energy gradient within a fluid is directly proportional to the flow rate through a porous medium, explaining fluid motion in porous media. 

i v = k 

where i is the hydraulic gradient and K is the constant of proportionality, also referred to as Darcy's permeability (or hydraulic conductivity (m/s)). (Tech, 2020) (Hosch, 2023)

2.2) Methodology-
Equipment-
· Soil sample
· Constand head permeameter
· Water
· Measuring cylinder
· Rule
· Rubber hoses
· Digital scales
· Container
· Water tank reservoir
· Balancing tank
· Push weight
· Stop watch
· Manometer tanks
· Tamper








Methodology Steps-
1. Set up of the equipment to form the Constant Head Permeameter test, as illustrated in figure_-
Figure 5- Constant Head Permeameter set up.
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2. We proceeded to fill the permeameter with water, then to ensure no material from the soil sample was lost we added a mesh gauze into the permeameter. Subsequently add the sample into the permeameter and water.
3. When adding the sample to the permeameter we ensured it was done in steady layers compressing and compacting the sample to the top.
4. In order to secure the lid a graded gravel filter was added to the top of the sample and then secured with a lid that was screwed down.
5. Hoses were then connected from the top of the cylinder to the reservoir, connected up to the monometer tubes on the permeameter and finally the reservoir balancing tank to the water supply.
6. Turning on taps and ensuring water was filling in the reservoir was the next step, with water flowing through the overflow pipe at a constant rate we could then move onto the next step.
7. In order to indicate the Hydraulic head difference ‘h’ we had to open the valve for the permeameter. The length ‘L’ of the sample across which ‘h’ is measured.
8. [image: A close up of a device

Description automatically generated]Then when satisfied that the soil was fully saturated and no air was affecting the flow water we started the test.Figure 6 – Saturated Soil Sample.

9. Using a stopwatch we recorded the volume of water permeating the sample in times of 20s, 40s, 60s (‘s’ being seconds.) Thus giving us the value of flow over time ‘q’.
10. The results of the volume of water in the measuring cylinder in ‘ml’ where also recorded.
11. This methodology was then repeated for sample 2.

2.3) Results and Conclusion- Sample 1

Figure 8 – Calculations for sample 2
Figure 7 – Calculations for sample 1
Sample 2


[image: A ruler with text on it

Description automatically generated]Figure 9- Permeability table to classify soil. 

From the results above and ‘Range of values for k (m/s)’ table we can see that sample 1 lies in the clean sands/gravels range due to the mean average of permeation from 20 seconds 40 seconds and 60 seconds. On the other hand with sample 2 the flow rates for the sample that was used seem to be similar to sample 1, this should not be the case as sample 2 was visually gravely looking. This suggests that a human error was made in while carrying out the test, we seem to believe that the air pressure within the cell was low meaning equipment had either been damaged pre setup or valves were not correctly connected. Due to this the test should be carried out again to achieve accurate results but due to time constraints this anomaly is picked up in the report and taken into consideration when determining the classification of the sample. When carrying out the experiment again all checks to apparatus will be done before commencement to reduce error.








3.0) Particle size Distribution Test
3.1) Introduction-
In many scientific and engineering fields, the particle size distribution test is a basic process that offers vital information about the granular composition of materials, from soils to powders. Through the process of characterising the distribution of particle sizes in a sample, this test can provide important insights about the sample's physical characteristics, behaviour under various conditions, and appropriateness for particular uses.
The purpose of the grain size analysis test is to ascertain the proportion of each grain size present in a sample of soil; the test's findings can be utilised to create the grain size distribution curve. These data are used to categorise the soil and forecast its behaviour. To determine the grain size distribution, two common techniques are:

· For particles greater than 0.075 mm in diameter, sieve analysis is utilised.
· While for particles smaller than 0.075 mm in diameter, hydrometer analysis is employed. (MD Sahadat Hossain, et al., 2021) (Geo Engineer, 2024)

3.2) Methodology-
Equipment-
· Soil sample
· Oven
· Sieve stack (from 4.75mm - <0.0038mm)
· Digital scales
· Metal pans
· Brush
· Mechanical sieve shaker


Methodology steps- 
1. Initially we weighed the metal pan and recorded in the results table.
2. Sample was then collected and weighed to 700g using the digital scales, this was measured to the nearest 0.1g and the weigh recorded in the results table.
3. Sieves were then staked upon each other and placed onto the sieve shaker, ensuring the sieves were stacked accordingly from largest wired squares to smallest wired squares as shown in figure_ A-
Figure 10 – Sieve stack upon sieve shaker.
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4. We then proceeded to add the sample into the top sieve, ensure lid was on tightly and screwed down as seen in figure B. Then we turned on the shaker for a period of 2 minutes, when finished the lid was removed and top pan carefully removed to ensure none of the sample was lost. 
5. The sample was then brushed carefully into the metal pan and weighed, results then recorded in the results table.

6. [image: A person using a grinder to grind a metal object
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Description automatically generated]Sample was then brushed out of the pan and into a metal tray excluded from the other samples.Figure 11- Sample being brushed into metal pan for weighing.



7. Steps 5 and 6 were then repeated with the degradation of the sample.
8. After gathering the results we had to calculate the percentage of the aggregate that has been held in each sieve.
9. Lastly we plotted the results on a particle size distribution chart that showed sieve size against the percentage of passing sample.








3.3) Results and Conclusion- 
Results table-
Pan Weight- 276.62
Sample Size- 1000.02
	Sieve Size (mm)
	Mass (g)
	% on Sieve
	% of Passing
	Mass of Pan with sample (g)

	2
	31.55
	3.15
	96.85
	308.17

	1.18
	61.86
	6.19
	90.66
	338.48

	0.6
	129.64
	12.96
	77.7
	406.26

	0.425
	269.54
	26.95
	50.75
	545.16

	0.3
	240.09
	24.01
	26.74
	516.71

	0.15
	168.71
	16.87
	9.87
	445.33

	0.075
	72.2
	7.22
	2.65
	348.82

	0.063
	6.23
	0.63
	2.02
	282.85

	0.053
	10.94
	1.09
	0.93
	287.56

	0.045
	1.17
	0.12
	0.81
	277.79

	Pan
	5.16
	0.52
	0.29
	281.78

	
	
	
	
	

	Total
	997.09
	99.71
	 
	 

	Including Pan
	1273.71
	 
	
	



Looking at the data above and comparing to the gradation list below-
Clay- >0.002mm
Silt- 0.002mm – 0.063mm
Sand- 0.063mm – 2mm
Gravel- 2mm – 20mm
We can clearly see the classification of soil type within the sample due to the percentage of passing soil through the sieve gradation sizes, for example-
The amount of sand that passed through from 2mm – 0.063mm = 972.58 (g) that equates to 97.36% of the sample.
The amount of silt passing through from 0.063mm – pan (lower than 0.045mm)= 2.35% of the sample 
Note: The retained weight on the pan at the end of the test is greater than 0.2% this would result in re-doing the test for the sample but due to human error this could not be achieved. Due to time constraints we used this test and are taking into account for the anomaly.
From the table above we then plotted a Particle Size Distribution Chart and a Triangular graph of soil texture below, from these charts we can see that the most prominent classification is from a coarse to medium grain and heavily exists in the sands class with very little falling into the silts. Figure 12- Particle size distribution chart and Triangular graph of soil texture.





Conclusion-
To conclude, the sample that we have obtained is a coarsely grained sand with some small amounts of fines (that of silt) with a uniform nature. However this is a general classification due to the limitation with this test, such as the sieves we had available only reach 0.045mm and therefore don’t give the real scale of silt passing through and some of the sample being retained in the sieves as we could not disperse completely also providing evidence to help support the loss of 1% of the sample overall. As a whole using this test out in the field with input from others such as the Atterberg Limits this would create a fair conclusion on soil baring capacities.
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