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[bookmark: _Toc227618278]TEST 1: Atterberg Limits 
[bookmark: _Toc227618279]1. Introduction
The Atterberg Limits test is a fundamental method used in geotechnical engineering to determine the consistency and plasticity of fine-grained soils. These limits define the moisture content at which soil transitions among various states, namely solid, semi-solid, plastic, and liquid. The key parameters obtained from this test are the Liquid Limit (LL), Plastic Limit (PL), and Plasticity Index (PI), which are necessary for soil classification and assessing engineering behaviour.
Cohesive soils, particularly clays, show considerable changes in strength and deformation properties depending on their moisture content. The Atterberg Limits provide a standardised approach to determine these changes and are widely used in foundation design, earthworks, and slope stability analysis. The Plasticity Index, defined as the difference between the Liquid Limit and Plastic Limit, indicates the range of moisture content over which the soil remains plastic.
This test is conducted in accordance with relevant British Standards, typically BS 1377, which details procedures for determining the index properties of soils. The results are often plotted on a plasticity chart to classify the soil and assess its suitability for engineering purposes.
2. Methodology
[bookmark: _Toc227618280]Equipment Used
· Casagrande liquid limit apparatus 
· Grooving tool 
· Glass plate 
· Spatula 
· Moisture content tins 
· Weighing balance 
· Oven (for drying samples) 
[bookmark: _Toc227618281]Procedure
Liquid Limit Test
1. A portion of the soil sample was mixed with distilled water to form a uniform paste. 
2. The paste was placed into the Casagrande cup and levelled. 
3. A groove was cut through the centre using a standard grooving tool. 
4. The cup was repeatedly dropped at a rate of approximately two blows per second. 
5. The number of blows required to close the groove over a distance of 12 mm was recorded. 
6. A sample of soil was taken and placed in a moisture tin for water content determination. 
7. This process was repeated for varying moisture contents to obtain multiple readings. 
Plastic Limit Test
1. A small portion of soil was taken and rolled by hand on a glass plate. 
2. The soil was rolled into threads of approximately 3 mm diameter. 
3. If the thread crumbled at this diameter, the moisture content was recorded. 
4. Samples were collected in moisture tins and dried in an oven. 
Calculations
· Liquid Limit (LL): Determined from flow curve 
· Plastic Limit (PL): Average moisture content at crumbling point 

[bookmark: _Toc227618282]3. Results and Analysis
Liquid Limit Test Results
	Test No.
	Number of Blows
	Moisture Content (%)

	1
	32
	42.7

	2
	22
	44.8

	3
	19
	45.2

	4
	15
	48.0



Plastic Limit Test Results
	Trial
	Moisture Content (%)

	1
	30.68

	2
	30.45

	3
	30.62



Calculated Values
· Liquid Limit (LL) = 46.5%
· Plastic Limit (PL) = 30.5%
· Plasticity Index (PI) = 13.7%







Graphical Analysis (Flow Curve)

Soil Classification
To classify the soil, the Plasticity Index was compared with the A-line:
PI = 0.73(LL-20)
· A-line value = 19.3
· Actual PI = 13.7
Since PI is below the A-line, the soil is classified as:
ML – Low Plasticity Silt
Interpretation of Results
The results show that the soil sample shows moderate moisture sensitivity but relatively low plasticity. The classification as ML suggests that the soil contains a higher proportion of silt particles compared to clay, resulting in reduced cohesion and plastic behaviour.
Compared to highly plastic clays, this soil is expected to:
· Have lower shrink-swell potential
· Be easier to compact
· Exhibit moderate permeability
· Lose strength when saturated
The Liquid Limit value of 46.5% indicates that the soil transitions into a liquid state at a relatively moderate moisture content, while the Plastic Limit of 30.5% defines the lower boundary of plastic behaviour.

Discussion and Limitations	
The The results obtained from the Atterberg Limits test provide insight into the consistency and classification of the soil sample. The calculated Liquid Limit of 46.5% and Plastic Limit of 30.5% resulted in a Plasticity Index of 13.7%, indicating that the soil exhibits moderate plasticity characteristics. When plotted on the plasticity chart, the soil was classified as ML (low plasticity silt), suggesting that it contains a higher proportion of silt-sized particles relative to clay.
This classification has important effects for engineering behaviour. Silty soils generally have lower cohesion than clays, meaning they may be more susceptible to loss of strength when saturated. This can present possible risks in construction, particularly in foundation design and earthworks at which stability is influenced by moisture conditions. However, compared to highly plastic clays, silts typically display lowered shrink-swell behaviour, which may be beneficial in minimising volume change.
The results obtained are consistent with expected values for silty soils, suggesting that the testing procedure was carried out effectively. The trend observed in the flow curve, where moisture content decreases with increasing number of blows, is consistent with standard geotechnical behaviour, providing confidence in the reliability of the results.
However, several limitations may have influenced the accuracy of the results. Variability in the manual procedures, such as rolling the soil threads for the plastic limit test and cutting the groove in the liquid limit test, may have introduced human error. Additionally, slight moisture loss during handling and preparation of samples could have affected the measured water content. The limited number of test points may also reduce the accuracy of the flow curve and the determination of the Liquid Limit.
In spite of these limitations, the results present a reasonable representation of the soil’s properties and demonstrate the effectiveness of the Atterberg Limits test in classifying fine-grained soils. The findings show the importance of moisture content in influencing soil behaviour and reinforce the relevance of these tests in geotechnical engineering practice.
[bookmark: _Toc227618283]4. Conclusion
The Atterberg Limits test successfully determined the consistency characteristics of the soil sample. The calculated Liquid Limit of 46.5% and Plastic Limit of 30.5% resulted in a Plasticity Index of 13.7%, indicating moderate plasticity.
Based on graphical analysis, the soil was classified as ML (low plasticity silt). This classification suggests that the soil has limited cohesion and moderate compressibility, with engineering behaviour influenced by moisture content.
The results highlight the importance of Atterberg Limits in soil classification and demonstrate their application in predicting soil performance in construction and geotechnical engineering contexts.




[bookmark: _Toc227618284]TEST 2: Constant Head Permeameter
[bookmark: _Toc227618285]1. Introduction
The Constant Head Permeameter test is used to determine the coefficient of permeability (k) of granular soils such as sand and gravel. Permeability is a key property in geotechnical engineering, as it defines the ability of water to flow through soil. This is particularly important in the design of drainage systems, foundations, embankments, and earth-retaining structures.
Granular soils typically show increased permeability compared to cohesive soils due to their larger particle size and greater void spaces. The Constant Head method is most suitable for these types of soils, as it allows a steady flow of water to pass through the sample under a constant hydraulic head.
This test is commonly conducted in accordance with BS 1377 (British Standards Institution, 2016), which provides standard procedures for determining permeability characteristics of soils.
[bookmark: _Toc227618286]2. Methodology
Equipment Used
· Constant head permeameter apparatus 
· Cylindrical soil sample 
· Water supply tank 
· Measuring cylinder 
· Stopwatch 
· Ruler (for measuring head difference) 
Procedure
1. The soil sample was placed into the permeameter and compacted to a uniform density. 
2. The apparatus was connected to a constant water supply to maintain a steady flow. 
3. A constant hydraulic head difference (h) was established across the sample. 
4. Water was allowed to flow through the soil sample. 
5. The volume of water collected (Q) over a measured time (t) was recorded. 
6. The length (L) and cross-sectional area (A) of the soil sample were measured. 
7. Multiple readings were taken to ensure accuracy. 





3. Results and Analysis
3.1 Experimental Data Table
	Test
	Head Difference (h) (m)
	Length (L) 
(m)
	Area (A) 
(m2)
	Volume (Q)
(m3)
	Time (t) 
(s)
	Flow Rate (Q/t) (m3/s)

	1
	0.30
	0.10
	0.005
	0.0012
	60
	2.00x10-5

	2
	0.30
	0.10
	0.005
	0.0013
	60
	2.17x10-5

	3
	0.30
	0.10
	0.005
	0.0011
	60
	1.83x10-5


 
Average flow rate = 2.00x10-5 m3/s
3.2 Calculation of Coefficient of Permeability

Example Calculation
Using average values:
· Q = 0.0012 m³ 
· L = 0.10 m 
· A = 0.005 m² 
· t = 60 s 
· h = 0.30 m 
 k = (0.0012 × 0.10) / (0.005 × 60 × 0.30)
 k ≈ 1.33 × 10⁻³ m/s
[bookmark: _Toc227618287]3.3 Results Summary
· Coefficient of Permeability (k) ≈ 1.3 × 10⁻³ m/s 
[bookmark: _Toc227618288]3.4 Soil Classification Based on Permeability
Typical ranges:
· Gravel: 10⁻² to 10⁻¹ m/s 
· Sand: 10⁻⁵ to 10⁻³ m/s 
· Silt: 10⁻⁷ to 10⁻⁵ m/s 
Result falls within:
Coarse Sand
[bookmark: _Toc227618289]4. Discussion
The results obtained from the Constant Head Permeameter test indicate that the soil sample has a relatively high permeability, with a coefficient of approximately 1.3 × 10⁻³ m/s. This is consistent with the expected behaviour of granular soils, particularly coarse sand.
High permeability suggests that the soil allows water to flow through it easily, keeping it suitable for drainage applications. However, this also means that the soil has limited ability to retain water, which may affect its stability under certain conditions.
The consistency of the results from several trials indicates that the testing procedure was reliable. However, potential sources of error include:
· Air bubbles within the soil sample
· Inconsistent compaction
· Fluctuations in hydraulic head
· Measurement inaccuracies in volume and time
[bookmark: _Toc227618290]5. Conclusion
The Constant Head Permeameter test successfully determined the permeability characteristics of the soil sample. The calculated coefficient of permeability indicates that the soil is classified as coarse sand, with high drainage capability.
These conclusions are important in geotechnical engineering applications where water flow through soil must be controlled or utilised, such as in drainage systems and foundation design.
[bookmark: _Toc227618291]TEST 3: Sieve Analysis 
[bookmark: _Toc227618292]1. Introduction
Sieve analysis is a laboratory method used to determine the particle size distribution of granular soils. It is a fundamental test in geotechnical engineering, as soil particle size directly influences properties such as permeability, shear strength, and compaction behaviour.
The test involves passing a dried soil sample through a stack of sieves with progressively smaller mesh sizes. The amount of soil retained on each sieve is measured and used to determine the proportion of different particle sizes within the sample. The results are then used to classify the soil according to standard grading systems, such as the soil texture triangle or BS soil classification system.
Examining particle size distribution is essential for determining whether a soil is well-graded or poorly graded, which has direct implications in engineering performance.



[bookmark: _Toc227618293]2. Methodology
Equipment Used
· Set of standard sieves (e.g. 10 mm to 0.063 mm) 
· Mechanical sieve shaker 
· Weighing balance 
· Drying oven 
· Brush (for cleaning sieves) 
· Sample container 
Procedure
1. A representative soil sample was dried in an oven to remove moisture content. 
2. The dry sample was weighed to determine total mass. 
3. The sample was placed into the top sieve of a stacked sieve arrangement. 
4. The sieve stack was placed into a mechanical shaker and operated for a fixed time period (typically 10–15 minutes). 
5. After shaking, the mass of soil retained on each sieve was measured. 
6. The percentage of soil retained and passing each sieve was calculated. 
7. Results were used to determine particle size distribution. 
[bookmark: _Toc227618294]3. Results and Analysis
3.1 Sieve Data Table
	Sieve Size (mm)
	Mass Retained (g)
	% Retained
	Cumulative % Retained
	% Passing

	10.0
	0
	0
	0
	100

	5.0
	50
	5
	5
	95

	2.36
	120
	12
	17
	83

	1.18
	180
	18
	35
	65

	0.600
	220
	22
	57
	43

	0.300
	200
	20
	77
	23

	0.150
	160
	16
	93
	7

	0.063
	70
	7
	100
	0








3.2 Particle Size Distribution Curve
The Particle Distribution curve shows the relationship between:
· Particle size (sieve opening in mm)
· Percentage passing (%)
This is used to classify soil grading (well-graded vs poorly graded) and determine soil type.

3.3 Soil Classification
From the particle distribution:
· Majority of particles lie in sand range (0.06 mm – 2 mm) 
· Noticeable proportion of fines (<0.063 mm) 
· Continuous grading observed 
Soil is classified as:
Silty Sand (SM)
3.4 Interpretation of Results
The sieve analysis shows that the soil is predominantly sand with a significant proportion of finer silt particles. The particle size distribution curve shows a continuous grading pattern, suggesting that the soil contains a mix of particle sizes rather than being uniformly graded.
Well-graded soils usually exhibit better compaction attributes due to better particle interlocking. However, the presence of fines in this sample reduces permeability and may increase moisture sensitivity.

The soil is expected to demonstrate:
· Moderate permeability
· Moderate shear strength
· Good compaction potential
· Reduced drainage efficiency in comparison to clean sand
The presence of fines suggests that water retention may be higher than in clean granular soils, which could influence engineering performance in saturated conditions.
3.5 Limitations
The following factors may have affected accuracy:
· Loss of fine particles during transfer
· Sieves becoming clogged during shaking
· Incomplete shaking duration
· Aggregation of fine particles
· Balance measurement error
In spite of these limitations, the results give a reliable representation of the soil grading behaviour.
[bookmark: _Toc227618295]4. Conclusion
The sieve analysis test successfully determined the particle size distribution of the soil sample. The results show that the soil is classified as silty sand (SM), with a well-distributed mix of sand and fine particles.
This classification suggests moderate engineering performance, with reasonable strength and compaction properties but reduced permeability compared to clean sand.
Overall Discussion and Comparative Analysis
The three laboratory tests conducted—Atterberg Limits, Constant Head Permeameter, and Sieve Analysis—give a comprehensive understanding of the engineering behaviour of the soil sample by evaluating its plasticity, permeability, and particle size distribution. When considered together, the results allow for a more complete geotechnical interpretation than any individual test alone.
The Atterberg Limits test classified the soil as ML (low plasticity silt), showing a fine-grained material with limited clay content and relatively low plasticity. This suggests that the soil has moderate compressibility and is more susceptible to changes in strength when moisture content varies. Such soils typically display lowered cohesion compared to clay-dominated soils, which can influence stability in construction applications.
In contrast, the Constant Head Permeameter test produced a coefficient of permeability in the range of approximately 10⁻³ m/s, indicating relatively high permeability consistent with coarse granular soils such as sand. This suggests that the soil allows water to flow through it easily, which is beneficial for drainage applications but may reduce its ability to retain moisture and maintain long-term structural stability under saturated conditions.
The Sieve Analysis additionally supports this interpretation by identifying the soil as silty sand (SM), with a mixed particle size distribution containing a dominant sand fraction and a significant proportion of fine particles. The particle size distribution curve demonstrated a continuous grading, suggesting that the soil contains a range of particle sizes rather than being uniformly graded. This generally improves compaction potential but can also cause variability in permeability and moisture retention.
When comparing the results from all three tests, a consistent pattern emerges. The soil behaves primarily as a granular material (sand-dominant), but with enough fine content to influence its plasticity and moisture response. This double behaviour explains why the Atterberg Limits indicated low plasticity, while the permeability test showed relatively high hydraulic conductivity.
From an engineering perspective, this type of soil may be suitable for applications such as:
· General fill material
· Drainage layers
· Embankment construction (with compaction control)
However, it may be less suitable for:
· High-load foundation support without improvement
· Sites requiring low permeability or high cohesion
The combination of moderate plasticity, moderate fines content, and relatively high permeability indicates the importance of multi-test soil classification in geotechnical engineering. Relying on a single test would not provide a complete understanding of soil behaviour, whereas using these methods grants a more reliable assessment of suitability for construction purposes.
Overall, the combination of laboratory testing methods used in this investigation provides a reliable and consistent evaluation of the soil’s engineering behaviour. The results show the importance of using multiple geotechnical tests together to gain a full understanding of soil performance. This integrated approach confirms that key properties such as plasticity, permeability, and grading are all considered when assessing suitability for construction applications.
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