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[bookmark: _Toc164791300]1.0 ATTERBERG LIMITS TEST
[bookmark: _Toc164791301]1.1 INTRODUCTION
	The Atterberg limits test is a classification test utilised to ascertain the moisture content at which fine-grained clay and silt soils undergo a transition between distinct phases. These phases exhibit distinct water contents and the test aids in assessing the soil's response to different levels of moisture.
	The liquid limit, often known as LL, is the moisture content at which the soil undergoes a transition from a plastic condition to a liquid one. The determination is accomplished by conducting a specific test process, such as the Casagrande method, in which a groove is created in a soil sample and the number of blows needed to close the groove is measured. The liquid limit is crucial for comprehending the soil's viscosity and its capacity to flow under saturation.
	The plastic limit (PL) refers to the moisture content at which the soil transitions from a semi-solid (plastic) state to a solid state. The determination is made by rolling a soil sample into a thread and examining the point at which it disintegrates. The plastic limit is a measure used to evaluate the workability of soil and its capacity to be moulded or shaped.
	The Plasticity Index (PI) is calculated by subtracting the plastic limit from the liquid limit. It offers data on the soil's flexibility and its capacity to experience changes in volume caused by fluctuations in moisture. A higher plasticity index (PI) signifies increased flexibility or malleability.
	The Atterberg limits test in the United Kingdom is carried out following the guidelines specified in BS 1377-2:1990. This British Standard outlines techniques for categorising soils using Atterberg limits and particle size distribution. This encompasses the measurement of the liquid limit and plastic limit. Similar testing internationally likewise uses equivalent criteria.
Comprehending these boundaries aids in forecasting the mechanical characteristics of soil, which is crucial for the planning and building of foundations, embankments, and other structures associated with soil. The subsequent parts of this report will provide a comprehensive account of the methodologies employed, the data acquired, and the analysis of the findings.


[bookmark: _Toc164791302]1.2 METHODOLOGY
Objectives:
· Determine the Plastic Limit.
· Determine the Liquid Limit.
· Determine the Plasticity Index.

Equipment Used:
· Weight Scale
· Casagrande’s liquid limit device
· Grooving tool
· Mixing dishes
· Spatula
· Oven


[image: ]
Figure 1 Shows apparatus used during the Atterberg Test


Liquid Limits Procedure:
1. Select, label, and measure the weight of four containers.
2. Document the weight of the container as shown in Figure 2. 
[image: A close-up of a scale
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Figure 2 Shows container 1 being weighed.






3. Take a soil sample weighing approximately 250g and place it in the metal mixing bowl. Mix the dirt with small amounts of water (1-2ml) by swirling, kneading, and chopping it with a spatula until well combined as shown in Figure 3. Thoroughly blend the ingredients until they form a clay-like texture that will necessitate the application of 30-35 drips from the Casagrande equipment to create a 12mm closure of the groove gap.
[image: ]
Figure 3 Shows soil samples being mixed in

4. Please note that achieving the requisite consistency is a process of trial and error.





5. Once the desired thickness is achieved, transfer a part of the mixture into the cup bowl as shown in Figure 4. Use the spatula to compress the clay and spread it as evenly as possible throughout the base, reaching a depth of approximately 10mm. Prevent the formation of air bubbles in the sample.
[image: ]
Figure 4 Shows mixed soil being placed in a cup bowl.






6. Place any surplus dirt back into the mixing bowl.
7. As seen in Figure 5 below, starting from the back and moving towards the front, utilise the gauging groove tool to create a groove in the sample. Make sure to make three gentle swipes to prevent any tearing on the sides. The groove should be cut all the way down to the base of the cup as shown in figure 6.
[image: ]
Figure 5 Shows groove being made within the soil sample.

[image: ]
Figure 6 Shows a full groove in the soil sample.











8. Reset the drop counter on the cup apparatus to zero.
9. To lift and drop the cup, rotate the crank handle at a frequency of 2 revolutions per second. Continue this process until the two sides of the soil come together, covering 12mm along the slot created by the gauge tool as seen in Figure 7.
[image: ]
Figure 7 Shows a collapsed groove within the soil sample.

10. Document the quantity of droplets needed to seal this 12mm aperture.
11. Excise a soil section, equivalent in width to a spatula, from one end to the other of the sample, by cutting through the groove.



12. Put this in your designated container and measure the combined weight of the moist soil and container as shown in Figure 8.
[image: ]
Figure 8 Shows post-collapsed soil being weighed.

13. Perform the same procedure for four samples, incrementally increasing the moisture content at a modest pace, to minimise the number of blows needed to close the gap. The objective is to collect samples that require more than 25 drops or less than 25 drops to bridge the gap. The number of drips should be between 35 and 15.





14. Utilise an oven as shown in Figure 9 to remove moisture from the four samples. Afterwards, weigh the dried samples and their containers together to ascertain the moisture content.
[image: A metal box with a lid open
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Figure 9 Shows soil samples placed in the oven.




Plastic Limit Procedure:
1. Select, label, and measure the weight of three containers.
2. Document the weight of the container.
3. Meticulously work the clay sample by kneading it. (if needed, combine with water or dry clay to modify the moisture level to the desired range)
4. Shape a little clay ball by manipulating it with the fingers and then roll it between the palms of the hands to allow the heat from the hands to gradually dry it.
5. Once little fissures start to form on the surface, split the ball into three equal portions, each weighing approximately 10g. Maintain a distinct separation between them.
6. Utilize the glass rod provided to measure and roll each ball into a thread on the glass plate with a diameter of approximately 6mm. The thread must be undamaged and consistent throughout.
7. Apply consistent and continuous pressure with the palm of your hand to decrease the thread's diameter to around 3mm.
8. Continue this procedure until the thread begins to disintegrate at the 3mm diameter point. Consistently applying even pressure when rolling is crucial. The term 'crumbling' refers to the process of shearing both longitudinally and transversally while a material is rolled.
9. The crumbling is caused by the decrease in moisture resulting from direct rolling, rather than mechanical failure caused by excessive pressure from the hand.
10. The point at which something begins to fall apart is the moisture content at which the Plastic Limit is reached.
11. When the dirt starts to break apart, collect the small pieces, put them in your container, and measure the weight of the moist soil and container combined.
12. Perform the same procedure for three additional samples.
13. Place the three containers with the sample inside in the oven to remove moisture.
14. Once the soil is dry, determine the moisture content by measuring the combined weight of the container and the dried dirt. Calculate the arithmetic mean of the three results to determine the average moisture content.
15. This moisture content represents the moisture content at the Plastic Limit.
[bookmark: _Toc164791303]1.3 RESULTS AND ANALYSIS
	Following the completion of tests for Plastic Limit and Liquid Limit, the results were documented as seen in Table 1. The moisture content of each sample can now be calculated. Subsequently, the Plasticity Index will be determined based on the gathered data.
	
	1
	2
	3
	4
	5
	6
	7

	Type of Test
	LL
	LL
	LL
	LL
	PL
	PL
	PL

	Container Number
	1
	2
	3
	4
	1
	2
	3

	Wt. of wet soil + cont.
	14.56g
	12.63g
	15.60g
	14.54g
	7.96g
	7.97g
	8.55g

	Wt. of dry soil + cont.
	12.49g
	10.99g
	13.30g
	12.47g
	7.43g
	7.48g
	7.95g

	Wt. of container
	4.71g
	4.74g
	4.72g
	4.72g
	4.66g
	4.76g
	4.76g

	Wt. of moisture
	2.07g
	1.64g
	2.30g
	2.07g
	0.53g
	0.49g
	0.6g

	Wt. of dry soil
	7.78g
	6.25g
	8.88g
	7.75g
	2.77g
	2.72g
	3.19g

	Moisture content
	26.61g
	26.24g
	26.81g
	26.71g
	19.13g
	18.01g
	18.81g

	Number of blows
	31
	26
	22
	19
	Null
	Null
	Null


Table 1 Shows data collected from Liquid and Plastic Limit Tests


Sample Calculations Liquid Limit
	Drawing upon the test results, we can determine the moisture weight, dry soil weight, and moisture content quantity. The calculations for each of the missing parameters are detailed below, employing LL Container No.1 as an illustrative example. 
Number of blows, N= 31 (recorded during test)
Wt. of container = 4.71g
Wt. of wet soil + container = 14.56g
Wt. of dry soil + container = 12.49g
Wt. of moisture = 14.56 – 12.49 = 2.07g
Wt. of dry soil = 12.49 - 4.71 = 7.78gm


	The flow curve, exemplified in Figure 10 below, can be derived by graphing the water content against the matching number of blows on semi-log graph paper. The liquid limit of the soil sample can be determined using this diagram. The value in this instance is 26.6.
[image: ]
Figure 10 Shows the Flow Curve indicating the Plasticity Index


Sample Calculations Plastic Limit
For PL Container No. 01,
Wt. of container = 4.66g
Wt. of wet soil + container = 7.96g
Wt. of dry soil + container = 7.43g
Wt. of moisture = 7.96 - 7.43 = 0.53g
Wt. of dry soil = 7.96 – 4.66 = 2.77g
Plastic Limit is the average of moisture content of all trials which in this case is 18.65g.
Plasticity Index (PI)= Liquid Limit (LL) – Plastic limit (PL) = 26.6 – 18.65 = 7.95.

[image: ]
Figure 11 Shows the Plasticity Chart for the Classification of Fine Soils
[bookmark: _Toc164791304]1.4 CONCLUSION
Clay soils exhibit cohesion due to the adsorption of water molecules around their particles. This cohesive property allows the soil to maintain its structural integrity when subjected to moisture, preventing it from crumbling or disintegrating. The liquid limit, plastic limit, and plasticity index (PI) serve as indicators of the soil's relative consistency or liquidity.
A higher plasticity index (PI) indicates greater malleability or flexibility of the soil. Oven-drying clay soils before testing results in a notable reduction in their liquid limit. 
The presence of organic matter in the soil can be qualitatively evaluated by comparing the liquid limit before and after oven-drying, providing insights into its content.

[bookmark: _Toc164791305]2.0 PERMEABILITY TEST
[bookmark: _Toc164791306]2.1 INTRODUCTION
	The constant head permeameter test is utilized as a method to determine the permeability, also known as hydraulic conductivity, of soils. This test assesses the permeability of a soil sample by quantifying the rate at which water permeates through it under sustained hydraulic pressure. The constant head permeameter test is described in BS 1377-5:1990. In geotechnical engineering, permeability data is critical for designing drainage systems, evaluating groundwater flow, and understanding soil behaviour.

[bookmark: _Toc164791307]2.2 METHODOLOGY
	This methodology is relevant for soils characterized by higher permeability, particularly granular soils, where the coefficient of permeability (K) typically falls within the range of 10-4 m/s.
	To ensure uniformity, a constant water pressure is upheld throughout the testing of a given sample. Once a state of equilibrium flow is attained, the flow rate is measured, facilitating the subsequent computation of the coefficient of permeability (K).
	To mitigate the risk of fine particle loss during washing, filters are commonly situated at both the upper and lower extremities of the sample.



Equipment Used:
· A permeameter (constant head permeameter).
· Soil sample.
· Water supply system.
· Pressure transducer or manometer.
· Measuring Cylinder.
· Stopwatch.
· Tamper.
· Digital Scales.
· Ruler/Tape Measure.
· Rubber hoses.
· Balancing Tank.
· Water Tank Reservoir.
· Push weight.

Constant Head Permeameter Procedure:
1. Perform a constant head permeameter test according to the procedure illustrated in Figure. 
2. Fill the permeameter with water, then place a mesh gauze inside to prevent the soil sample from escaping. Finally, introduce the soil sample into the permeameter by passing it through the water.
3. Continuously add soil at regular intervals making sure to consolidate and condense the dirt and continue doing so until the permeameter is filled.
4. Subsequently, place a graded gravel filter onto the soil sample and fasten it securely using a cover and screws.
5. Activate the valve to establish a consistent variation in head height, denoted as 'h'. The term 'head' denotes the force applied to propel water through the permeameter along the length ('l') of the test sample.
6. Accumulate the water that passes through the sample over 't' seconds.
7. Determine the hydraulic gradient by dividing the difference in height between the two manometer tubes by the disparity between the manometer connections within the cell.

[bookmark: _Toc164791308]2.3 RESULTS AND ANALYSIS
To determine the permeability coefficient of a soil sample, we must adhere to Darcy's Law as specified by the British Standard (BS1377-6). The principles of Darcy's Law are presented in the following manner.
The Equation for the Coefficient of Permeability is:  

· (Q) is the flow rate over time “t” in m3/s
· (L) is the length of the soil sample flow line
· (A) is the cross-sectional area of the sample flow
· (h) is the hydraulic head difference t = time in seconds
· (K) is the coefficient of permeability 
There were three tests carried out. Each test was carried out using varied water content across three timeframes. They were 20s, 30s, and 40s.


Soil Sample 1
Using the values obtained from the experiment:
A = 0.039m
Q = 85ml/s, 170ml/s, 250ml/s
L = 70mm (0.07m)
H = 0.527m
T = 20s/40s/60s
We obtain the following result:
[bookmark: _Hlk164785607]






Soil Sample 2
Using the values obtained from the experiment:
A = 0.039m
Q = 75ml/s, 143ml/s, 210ml/s
L = 70mm (0.07m)
H = 0.5m
T = 20s/40s/60s
We obtain the following result:




					


Soil Sample 3
Using the values obtained from the experiment:
A = 0.039m
Q = 138ml/s, 280ml/s, 420ml/s
L = 70mm (0.07m)
H = 0.104m
T = 20s/40s/60s
We obtain the following result:




					
Upon analysis, the findings derived from the computation, juxtaposed with Darcy's Law and the coefficient of permeability chart, suggest that the soil sample utilized in the experiment aligns with the classification of clean sands. The coefficient of permeability (K) for these soil types typically spans from  to . Soils falling within this specified range exhibit a moderate pore size, conducive to the effective permeation of fluids.

[bookmark: _Toc164791309]2.4 CONCLUSION
	High Permeability: Clear sands, characterized by their larger, loosely arranged particles, typically exhibit a notable degree of permeability. The swift movement of water through sandy soils is enabled by the interconnected void spaces between individual sand grains.
	Engineering Applications: The high permeability of sands makes them highly suitable for various engineering purposes, including:
1. Drainage Systems: Sands facilitate efficient water infiltration, preventing water accumulation.
2. Structural Foundation Protection: Sandy soils minimize the risk of water seepage beneath structures.
3. Embankments: Utilizing sand in embankment construction aids in regulating water flow and mitigating erosion.
4. Flood Management: Sandy soils contribute to enhanced water permeability during flood events.
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