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[bookmark: _Toc196243096]The Atterberg limits test 
[bookmark: _Toc196243097]Introduction
Understanding the behaviour of fine-grained soils under varying moisture conditions is essential in geotechnical engineering. The Atterberg Limits test, developed by Swedish chemist Albert Atterberg in 1911 and later refined by Arthur Casagrande, provides a standardised method to determine the critical water contents at which soil transitions between different states: solid, semi-solid, plastic, and liquid. These transitions are quantified through three key parameters: the Liquid Limit (LL), Plastic Limit (PL), and Shrinkage Limit (SL).
The Liquid Limit is defined as the moisture content at which soil changes from a plastic to a liquid state, indicating the point where it begins to flow under its weight. The Plastic Limit marks the transition from semi-solid to plastic, representing the lowest moisture content at which soil can be deformed without cracking. The Shrinkage Limit is the moisture content below which further drying does not result in additional volume reduction.​
These parameters are crucial for soil classification and for predicting the engineering behaviour of soils, such as their compressibility, permeability, and shear strength. In this experiment, the Liquid Limit and Plastic Limit were determined using the Casagrande apparatus and thread-rolling method to assess the soil's plasticity characteristics.

[bookmark: _Toc196243098]Methodology
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[bookmark: _Toc196243099]Liquid limits test
1. The first step I took was selecting and marking four containers, labelling them LL1-4 (liquid limit).
2. The second step was to weigh the containers and record the weight on a data sheet.
3. The next thing I did was place a soil sample of around 250g into a metal mixing bowl, slowly mixing in small amounts of water evenly throughout the mixture. I mixed thoroughly to try to ensure I produced a clay consistency that would require around 30 to 35 drops of the Cassagrande to cause a groove gap closure of 12mm.
4. Trying to get the correct consistency requirements was trial and error, until the required consistency was reached.
5. When the correct consistency is reached, I place a portion of the mixture into the cup bowl, ensuring it is as flat as possible across the base to about 10mm while avoiding air bubbles within the sample.
6. The next thing that I did was return the excess soil into the mixing bowl.
7. The next step required me to use the gauging groove tool to cut the groove line into the sample in three gentle swipes to avoid side tear. This motion was completed from back to front, ensuring to cut right through the sample to the base of the cup.
8. Then proceeded to reset the drop counter on the apparatus to zero
9. After that, the next step was to lift and drop the cup by turning the hand crank at a rate of 2 drops per second until the two halves of the soil reached a closer distance of around 12mm where I had previously made a gap using the gauge tool.
10. I then recorded the number of drops taken to close the gap on the data sheet.
11. I then took a slice of the soil with the width of the spatula from edge to edge across the sample, cutting through the middle of the now closed groove.
12. This sample I then placed inside my first marked container and then proceeded to weigh the container with the wet soil and the container together.
13. This process was repeated for all full samples, gradually increasing the monster content to reduce the number of blows it would take me to close the gap. The goal was to have a midpoint of around 25 drops and a low point of around 15.
14. The final step was to dry the samples in an oven and then weigh the dry sample and the container together to determine the moisture content that was present within each sample.
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[bookmark: _Toc196243100]Plastic limits test
1. I selected three containers and then marked them PL1-3 (plastic limit).
2. On my data sheet, I recorded the weight of each container.
3. I thoroughly mixed in water bit by bit to ensure that I got the mixture of clay to the correct state.
4. The next step was for me to mould the mixture into a small ball between my fingers to avoid drying out the soil.
5. placing the mixture on a flat glass surface I began to roll the ball out using the palm of my hand. Then when cracks began to appear, I separated the ball into 3 equal parts keeping them separate from each other.
6. the next step was to use a glass rod while rolling to measure the diameter trying to get thread around 6mm.
7. Continuing to use the palm of the hand I further reduced the diameter of the thread to around 3mm.
8. I then repeated this process until the thread began to crumble at around the 3mm mark. It was important to maintain a uniform rolling pressure throughout. Crumbling in this case would be defined as shearing both longitudinally and transversally as it is rolled.
9. As a result of this, the crumbling would be due to a reduction of moisture from the rolling directly and not from a breakdown from using too much pressure with the hand.
10. The point at which the crumbling began is the plastic limit moisture content.
11. When I had reached the crumbling stage, I gathered the crumbs that were left over, placed them into a container and weighed the wet soil and the container together.
12. I then repeated this process for the other three samples.
13. The next step was to dry the samples in the oven.
14. When the samples were then dry, I then weighed the Dry sample still within the container to calculate the moisture content that was inside the soil sample.
15. Continuing to do this for the other two soil samples, I then took an average of the three results to obtain the mean moisture content.
16. The mean moisture content gave me an indication of what the plastic limit moisture content would be.
[bookmark: _Toc196243101]Equipment
· Casagrande Liquid Limit Device
· Grooving Tool
· Flat Spatula
· Glass Plate or Mixing Dish
· Water Bottle or Dropper
· Weighing Scale
· Container
· Oven
· Moisture Content Container
· Glass Plate
· Glass Rod
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[bookmark: _Toc196243102]Results and analysis
	​
	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​
	PL4​

	Wt of wet soil + cont.​
	​9.43
	13.35​
	13.39​
	12.89​
	8.01​
	9.4​
	8.18​

	Wt of dry soil + cont.​
	​8.02
	10.66​
	10.68​
	10.24​
	7.24​
	8.31​
	​7.39

	Wt of Container​
	​4.72
	4.69​
	4.69​
	4.72​
	4.73​
	4.73​
	4.81​

	Wt of moisture​
	​1.41
	2.69​
	2.77​
	2.65​
	0.77​
	1.09​
	0.79​

	Wt of dry soil​
	​3.3
	5.97​
	5.99​
	5.52​
	​2.51
	​3.58
	​2.58

	Moisture Content​
	​42.72
	45.06​
	45.24​
	48.01​
	30.67​
	30.44​
	30.62​

	Number of Blows​
	​32
	​22
	19​
	15​
	​
	​
	​



Liquid limit = 44.3
Plastic limit = 30.57
Plasticity index = 13.73
Soil classification = MI
[bookmark: _Toc196243103]Conclusions
[bookmark: _Toc196243104]Liquid Limit (LL):
The average liquid limit of the soil was found to be 44.3%, indicating the moisture content at which the soil changes from a plastic to a liquid state.

[bookmark: _Toc196243105]Plastic Limit (PL):
The average plastic limit was calculated as 30.57%, representing the moisture content at which the soil transitions from a semi-solid to a plastic state.

[bookmark: _Toc196243106]Plasticity Index (PI):
The plasticity index, determined as the difference between the liquid and plastic limits, is 13.73%. This suggests that the soil has moderate plasticity.

[bookmark: _Toc196243107]Soil Classification:
Based on the Atterberg limits and the Unified Soil Classification System (USCS), the soil is classified as MI – Inorganic silt of medium plasticity.

[bookmark: _Toc196243108]Consistency and Accuracy:
The moisture content values for the LL and PL tests are consistent and fall within acceptable ranges as seen in (UK Gov, 2019), indicating that the test procedures were properly followed, and the results are reliable. 

[bookmark: _Toc196243109]Engineering Significance:
Soils classified as MI typically have moderate compressibility and plasticity, which can impact their behaviour under load and during moisture changes. These properties should be considered in design and construction applications, especially related to foundations and earthworks.


[bookmark: _Toc196243110]The constant head permeameter test
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(testmak, 2024)
[bookmark: _Toc196243111]Introduction
Permeability, or hydraulic conductivity, is a fundamental property of soils that quantifies their ability to transmit water. This characteristic is crucial in geotechnical and environmental engineering, influencing the design and analysis of structures such as earth dams, embankments, and drainage systems. The Constant Head Permeability Test is a laboratory method specifically suited for coarse-grained soils like sands and gravels, where water flows readily through the soil matrix.​
In this test, a constant hydraulic head is maintained across a saturated soil sample, and the rate of water flow through the sample is measured. By applying Darcy's Law, the coefficient of permeability (k) can be calculated, providing insight into the soil's drainage characteristics. This information is vital for assessing potential seepage, designing effective drainage systems, and evaluating the suitability of soils for various construction projects.​
The Constant Head Permeability Test offers a straightforward and reliable means of determining the permeability of granular soils, thereby aiding engineers in making informed decisions regarding soil behaviour under saturated conditions

[bookmark: _Toc196243112]Methodology
1. I gathered all necessary equipment, including the constant head permeameter, soil sample, measuring cylinder, stopwatch, balance, and water source.
2. I collected a representative soil sample and passed it through a sieve to remove larger particles. I then loosely packed the soil into the permeameter cylinder, taking care to avoid air pockets.
3. I gradually filled the permeameter with water from the bottom to the top to fully saturate the soil, allowing any entrapped air to escape. I let it sit for a period to ensure saturation was complete.
4. I connected the water reservoir to the inlet tube and adjusted the water level so that it remained constant throughout the test. I ensured the overflow maintained a steady head above the soil.
5. I measured and recorded the internal diameter and length of the soil column to calculate the cross-sectional area and flow path later.
6. I opened the valve to allow water to flow through the soil sample, ensuring a steady-state flow condition was established.
7. I collected the water flowing out of the permeameter in a graduated cylinder for a known time interval, which I measured using a stopwatch. I repeated this step several times to get consistent results.
8. For each run, I recorded the volume of water collected and the time taken. I also noted the constant head (height difference between the water level and the outlet).
9. I calculated the Coefficient of permeability (K) with the formula:

K=      Q x L                                                                                                                                                                                                                                                                                                                                                                                                                                                          
       A x H x T
[bookmark: _Toc196243113]Equipment
· Permeameter Apparatus
· Standpipe or Water Reservoir
· Soil Specimen
· Manometer or Scale Ruler
· Stopwatch or Timer
· Measuring Container
· Thermometer
· Rubber Tubing and Clamps
[bookmark: _Toc196243114]Results and analysis
	Q = volume of water collected 
	180ml

	L = length of the soil sample
	0.070

	A = Area of Flow
	0.019

	H = Hydraulic head difference
	0.0475

	T= Time in seconds
	20

	K = Coefficient of permeability
	6.98x10−4m/s



	Q = volume of water collected 
	250ml

	L = length of the soil sample
	0.070

	A = Area of Flow
	0.019

	H = Hydraulic head difference
	0.0475

	T= Time in seconds
	30

	K = Coefficient of permeability
	6.47x10-4m/s




	Q = volume of water collected 
	330ml

	L = length of the soil sample
	0.070

	A = Area of Flow
	0.019

	H = Hydraulic head difference
	0.0475

	T= Time in seconds
	40

	K = Coefficient of permeability
	6.40x10-4m/s



[bookmark: _Toc196243115]Conclusions
I conducted a series of constant head permeability tests to determine the coefficient of permeability for a soil sample. Three separate trials were performed using varying time intervals while maintaining a consistent head, soil column length, and cross-sectional area. The calculated permeability values were as follows:
The results were consistent, showing only slight variation between trials, which indicated good experimental reliability. The average coefficient of permeability was approximately: 6.62x10-4m/s
This value suggests the soil has relatively high permeability, characteristic of coarse-grained soils such as sand. The test procedure was successfully executed, and the data obtained were within expected ranges for such materials.

[bookmark: _Toc196243116]The sieve analysis test 
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[bookmark: _Toc196243117]Introduction
Determining the particle size distribution of soil is fundamental in geotechnical engineering, as it influences the soil's strength, permeability, and compaction characteristics. The Sieve Analysis test, also known as the gradation test, is a widely used method to assess the grain size distribution of coarse-grained soils, such as sands and gravels. This test involves passing a soil sample through a series of sieves with progressively smaller mesh sizes and measuring the amount of material retained on each sieve. The results are typically presented as a grain size distribution curve, which provides insights into the soil's gradation and helps in its classification. Understanding the gradation is crucial for various engineering applications, including the design of foundations, embankments, and drainage systems
[bookmark: _Toc196243118]Methodology
1. The first thing I have to do is weigh the scale pan.
2. Step two was to quarter a soil sample using around 1kg.
3. The third step included weighing the total sample to the nearest 0.1g.
4. Next, I had to place the sieves with the largest opening on top onto the pan stack and pull the sample onto the top layer.
5. After that, to ensure that the equipment stays in position, it had to be secured in place.
6. Then I had to use the mechanical shaker to vibrate the sample for 2 minutes. After the 2 minutes were over, I had to stop the machine and remove the lid.
7. The next step was to remove each layer one by one.
8. Once that was complete, I had to brush the particles clinging to each sieve into the next lower sieve with a bristle brush. This was done to ensure that no material was lost.
9. Then, each Layer was accurately weighed, and the results were recorded on the data sheet.
10. After all of the data was collected, I had to calculate the amount of material that passed through each sieve as well as the percentages 4 the amount retained on each layer within the sieve.
11. The final step was to plot the sieve size against the percentage of passing for the sample on a graph to demonstrate the results.
[bookmark: _Toc196243119]Equipment
· Sieve Set
· Mechanical Sieve Shaker
· Weighing Scale
· Drying Oven
· Brush and Scoop
· Tray or Container
· Moisture Content Containers
· Timer

[image: A blue plastic bag on a wood surface
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[bookmark: _Toc196243120]Results and analysis
	Sieve Size (MM)
	Mass (G)
	% On Sieve
	% Passing

	2mm
	2.34
	0.22
	99.78

	1.18mm
	1.61
	0.12
	99.66

	500mic
	96.62
	9.65
	90.01

	425mic
	407.77
	40.75
	49.25

	300mic
	258.84
	25.86
	23.4

	75mic
	208.34
	20.82
	2.58

	63mic
	7.77
	0.78
	1.8

	53mic
	8.12
	0.81
	0.99

	45mic
	4.31
	0.43
	0.56

	38mic
	1.62
	0.16
	0.4

	Pan
	1.54
	0.15
	0.25

	
	
	
	

	
	
	
	



[bookmark: _Toc196243121]Conclusions
A sieve analysis test was conducted to determine the particle size distribution of a given soil sample. The results showed that the majority of the soil was retained between the 425 µm and 75 µm sieves, with 40.75% and 20.82% of the total sample retained on these sieves, respectively. This indicates that the soil sample was predominantly composed of medium to fine sand particles. Only a small percentage of the sample passed through the finer sieves. The high concentration around the 425 µm and 300 µm sieves also suggests it may exhibit traits of poorly graded sand, depending on the shape of the grain size distribution curve.
the sieve analysis provided useful insight into the soil’s gradation and confirmed that it is coarse-grained, with the bulk of its composition falling within the sand-sized fraction. This classification plays an important role in understanding the soil’s engineering behaviour, such as permeability, compaction characteristics, and shear strength.
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