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[bookmark: _Toc70367349]Constant Head Permeameter Test
[bookmark: _Toc70367350]Introduction
The Constant Head Permeameter is an experiment carried out to determine the permeability of a soil, where permeability is the ease in which water can flow through a soil (Popham, 2019). In this report, the Constant Head Permeameter experiment will be conducted with the procedure laid out, a result obtained for the coefficient of permeability and the results analysed. A classification will be assigned to the sample using Darcy’s table of permeability coefficients. This experiment is appropriate for granular soils with a permeability between the range of  and  m/s, which would fall into the range of granular soils such as gravels and sands (BSI, 1990; Das, 2014).
[bookmark: _Toc70367351]Methodology
[bookmark: _Toc70367352]List of Equipment:

	Equipment 
	Note

	Permeameter cell consisting of a transparent cylindrical body, with flexible watertight tubing joints, as shown in appendix A.
	The internal diameter of the cell body shall comply with ‘BS 1377-5’.

	Removable top and base members 
	When assembled to the cell body, should be watertight.

	Piston with a locking collar 
	To pass through the centre of the top plate to form a watertight seal.

	Perforated plates with graded filter material 
	Attached to the top and baseplate of the cell. Filter material placed at each end, adjacent to the plates.

	Water inlet fitted to the top plate and an outlet fitted to the base plate with a control valve 
	For regulating water flow.

	Two porous discs or wire gauze  
	Should be equal to the internal diameter of the cell body.

	Reservoir tank 
	Must be vertically adjustable and capable of maintaining a constant head supply of water to the permeameter cell.

	Supply of clean de-aerated water or clean tap water 
	For the constant head reservoir.

	Discharge reservoir with overflow or a sink 
	To main maintain a constant water level.

	Set of transparent manometer tubes with 3 connection glands.
	· For measuring the hydraulic gradient. 
· To be of the same internal diameter.

	Pinchcock 
	For the intake cylinder tubing.

	Measuring cylinder of 500mL capacity
	Used to measure the flow of water.

	A small scoop 
	For placing soil in the funnel and permeameter cell.

	Flat ended tamping rod 
	Around 10mm in diameter and long enough to reach the bottom of the permeameter.

	Stop clock readable to 1s
	To record the time taken for water. 

	A balance readable to 1g
	For weighing the container and water volume.

	A steel rule graduated to 0.5mm
	To measure the length of the cell.

	Internal Callipers
	To measure the diameter of the cell.


(BSI, 1990, pp 11-12)

[bookmark: _Toc70367353]Sample Preparation
	Step
	Instruction

	1
	Obtain a representative sample as specified in BS 1377-1.

	2
	Carry out a sieve analysis if required to remove any particles larger than 1/12 of the permeameter cell, in line with BS 1377-2.



[bookmark: _Toc70367354]Procedure:
1. Remove the permeameter cell top plate and measure:
- The internal diameter of the permeameter cell at various places and record a mean value to the nearest 1mm (D)
- The distance between the centres of each manometer gland connection at points along the cell body, to the nearest mm (L)
- The cells internal length to the nearest mm (H1), (shown in appendix B).
2. Check that all equipment is clean and free from blockage material such as the permeameter cell, gauze or porous discs, perforated plates, glands and joints.
3. Fit and level the graded filter material to the bottom of the cell to a depth of 50mm, placing the wire gauze disc on top.
4. Weigh the mass of soil and the container to the nearest 1g (m1).
5. Using the small scoop place the soil in the permeameter cell with a consistent deposit for the required void ratio and density. The height of the cell shall be a 2:1 ratio with the diameter of the cell.
6. Hand tamping shall be the method used for placing and compacting the sample, by adding the soil sample in four layers, each of which is equal to half the diameter of the cell. The first layer will be placed on the wire gauze or porous disc, levelled and tamped, and the next layer placed on top. Repeat this for the four layers.
7. The upper wire gauze shall be placed on top of the soil sample, placing a graded filter material on top of the disc to a depth of 50mm. 
8. Release the piston in the top plate withdrawing it to its full extent and the top plate fitted to the permeameter cell should be tightened. 
9. Carefully lower the piston so the perforated plate is bedded on the filter material. Firmly hold the piston down and tighten the locking collar. (Apparatus should resemble appendix C).
10. Three points of the cell will be measured from the top to the bottom of the wire gauzes, for the height of the sample and a mean produced, to the nearest 1mm.
11. The sample shall then be saturated by connecting the base control valve to the water supply, the connections to the manometer will be closed and the air bleed valve and top connection shall be opened up. Fill the sample with water from the bottom by opening up the control valve, until water comes out from the air bleed valve and top connection.
12. The control valve will be closed, and the water supply will be connected to the top connection of the permeameter, and the base control valve connected to the discharge reservoir, making sure no air becomes trapped. 
13. The remaining soil and container will be weighed to the nearest 1g (m2)
14. The inlet reservoir should be positioned slightly above the top of the permeameter, with regard to the hydraulic gradient. 
15. Remove the pinch cocks one at a time allowing the water to slowly saturate the sample, to not disturb the sample, by opening the water supply valve, making sure there is no trapped air in the tubing, then close the valves.
16. If necessary, for the hydraulic gradient to be imposed on the sample the reservoir shall be reset to the appropriate height by opening the water supply to flow through the sample, ensuring the discharge volume is less than the volume to the reservoir tank allowing the water levels in the manometer to stabilise.
17. Weigh the empty measuring cylinder and record the result. The measuring cylinder shall be placed below the discharge outlet and a timer shall be started simultaneously, as water starts to fill the cylinder, weigh and record the amount of water in a given time or the amount of time taken for a given volume.
18. The water levels in the manometer should be measured and recorded.
19. Repeat steps 18 and 19 four times or until a consistent reading is obtained. The more results obtained the more reliable and accurate the results will be. 
(BSI, 1990, pp 11-13)
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	Test Number
	1
	2
	3

	Volume of Water Collected ()
	 
	
	

	Time taken (min)
	2.75
	5.5
	11

	Time Taken (s)
	165
	330
	660



	[bookmark: _Toc70367357]Accuracy & Limitations
	Note

	Ensuring no air bubbles become entrapped in the sample 
	· Air in tubing will affect the flow of water.
· Air in the tubing can affect the hydraulic gradient.


(BSI, 1990)
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Constant Head Equation:

	Value
	Description

	K
	Coefficient of Permeability

	Q
	Flow time ‘t’ in 

	L
	Length of Flow line

	A
	Area of flow 

	h
	Hydraulic Head Difference 

	t
	Time in ‘s’


(Almadhoun, 2017)

Solutions:
	Solution
No.
	Calculation
	Result (m/s)

	1
	
	

	2
	
	

	3
	
	

	Mean Value
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Figure 1- Darcy’s Coefficient of Permeability Classification Chart
[Source: Jacob, (2014)]

As seen in figure 1, based on Darcy’s coefficient of permeability, the sample tested can be classified as a clean sand and gravel mixture, suggesting the sample is highly permeable.

[bookmark: _Toc70367360]Discussion
The constant head test, which determines the permeability of a soil, is a crucial factor in establishing the suitability and stability of a soil in construction, as it can affect a soils interparticle frictional and cohesive force when moisture permeates through the soil. When soil contains appropriate amounts of moisture the water particles have a cohesive force which acts as an attractive force keeping the soil particles together providing a higher shear strength, but as the moisture content increases it reaches a point where the pore pressure increases enough that the moisture no longer has a cohesive force but starts to have an internal repelling force to the soil particles, reducing its shear strength dramatically (Huang et al., 2012; Han et al., 2020). For example, a soil slope that has cohesive and frictional forces, where the soil becomes saturated due to heavy rainfall, will result in an increase in the pore pressure and reduce the effective stress and strength of the soil, hence increasing the potential risk of failure. (Atkinson, 2007)
Another consideration that affects permeability is soils with larger grain sizes allow water to flow through them with more ease because the volume of the voids is larger, so the liquid has more space to flow, whereas soils with finer grain sizes, will not allow water to flow with ease because the soil particles are more densely packed making the soil less permeable (Craig, 2004). 

The surface area, shape and diameter of the soil particles should also be taken into consideration as it affects the flow of water due to the contact friction between the water and soil particle surface area. As the surface area of the soil increases, and volume stays the same, the permeability decreases due to the resistance on the water caused by the increased surface area of the soil. Also, more rounded grains, rather than angular, will have a smaller specific surface area, decreasing its resistance while increasing permeability. The shape and size of the grains will also affect a soil’s deposition structure, either being dispersed or flocculated, which will affect the permeability depending on the orientation of the grains (Budhu, 2015). 

In construction the coefficient of permeability for a soil, can aid in solving various issues such as the yield of water bearing strata, stability and seepage of embankment dams such as the quantity or rate or water seepage, drainage, well recharge and when there is an investigation into contaminated ground (Mishara, n.d.). 

When discussing permeability, compaction may be considered, where the volume of voids in a soil is being reduced, also taking into consideration swelling and shrinkage, where moisture will permeate through a soil due to an increase or decrease in the moisture content. If a foundation resting on a certain type of soil, where there is an overburden pressure from a load, which is causing moisture to permeate from the soil, the permeability will influence the rate of compaction and therefore settlement predictions can be carried out such as the rate of settlement, which is important to consider, as it can negatively affect the superstructure (Ishibashi and Hazarika, 2015; Jones et al., 2020). 

When an excavation is carried out below the water table, the permeability of the soil is a fundamental factor in producing a de-watering system, where water is removed, and the water table is temporarily lowered. The coefficient of permeability of a soil can help evaluate the optimum pump rate at which water should be removed from the soil. Permeability for a soil is also important, for evaluating swelling from surface weather, such as rain or melted snow, where water will seep through the ground level soil (Hamakareem, n.d.). 

[bookmark: _Toc70367361]Conclusion
In conclusion, the permeability of a soil is a key factor in evaluating how a soil will act in relation to moisture. Highly permeable soils will result in an increase in pore pressure that exceeds the internal cohesive forces and resisting forces, eventually repelling grains apart, leading to significant shear strength reduction and failure of the soil. Measures can be established to reduce permeability on a site such as compaction, which mitigate the risk of soil failure.
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In this report a soil sample will be tested using the Casagrande apparatus to carry out the Atterberg limits tests, determining values for the plastic and liquid limits as well as finding the plasticity index of the sample. The results will be analysed, and a classification for the sample will be established based on the plasticity index value to liquid limit percentage. 

[bookmark: _Toc70367364]Methodology
[bookmark: _Toc70367365]General Equipment for Preparing the Sample:
	Equipment
	Note

	The soil sample

	To be used for testing and obtaining results.

	Aluminium mixing bowl 

	For mixing the specimen to the desired moisture content.

	A spatula 

	To mix, form, and smooth the soil specimen.

	Spray bottle 

	To dispense mixing water.

	Aluminium Containers 

	For holding the moist soil samples.

	Digital Lab Scale or Balance 

	With 0.01g readability.

	Laboratory Drying Oven 
	For moisture content tests.

	No.40 sieve  

	To filter larger grain sizes from the sample.

	Mortar and Pestle 

	To reduce the sample particle size if necessary.


(BSI, 2018, pp 5).

[bookmark: _Toc70367366]Sample Preparation
	Step
	Instruction

	1
	250g of soil sample is needed that is finer than 0.425mm

	2
	If the sample includes material that is larger than 0.425mm then it will need to be removed in accordance with BS EN 19892-12.

	3
	Remould the specimen, using an aluminium mixing bowl, while adding small amounts of water (1-2ml recommended) until the specimen becomes a uniform paste.


(BSI, 2018, pp 7-8).

[bookmark: _Toc70367367]Liquid Limit Test - Equipment & Procedure
	Equipment
	Note

	Casagrande apparatus
	To Spread the soil sample in the cup and test for the number of blows.

	Casagrande Grooving Tool
	For cutting a groove through the spread soil in the Casagrande cup.


Apparatus is shown in appendix D.
Procedure:
1. Weigh and label all four empty moisture cans and record the weights.
2. Place the Casagrande apparatus on a solid and level surface.
3. Using the spatula, and without trapping air in the mixture, evenly spread and press down on the remoulded paste into the cup, reaching the deepest point of 10mm. 
4. Level off the specimen to create a horizontal surface with the top of the cup as demonstrated in appendix E.
5. Using the grooving tool, making sure it’s clean and dry, cut a groove, in a single stroke, perpendicular to the inner edge of the cup with the bevelled edge in the direction of movement, shown in appendix F. 
6. The cup should be lifted and dropped onto the base at a rotation speed of two revolutions per second, while counting the number of blows, as illustrated in appendix G.
7. Once the groove gap closes by a length of 10mm (shown in appendix H), record the number of blows. Results obtained should fall in the range of 15-40 blows. If the number of blows is outside this range start the process from the start adding or reducing the amount of water added accordingly. 
8. Remove 15g of the specimen from the cup in the zone where the groove opening has closed, adding it to a moisture can, weighing and recording the results.
9. Place the moisture can and wet sample in the oven to dry at 105-110°C for at least 16 hours, after removal, weigh and record results.
10. Remove the remaining sample from the cup and mix it again in the aluminium bowl while adjusting the amount of water content. Repeating the process four times, cleaning and drying the cup each time. The number of rotations required for the liquid limit is 25 so at least one point above and one below this number is required. 
(BSI, 2018, pp 10-12).
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	Equipment
	Note

	Glass Plate
	To roll out the clay sample into threads.

	Glass Rod
	Of 3mm in diameter to compare to rolled out sample.


Apparatus shown in appendix I
Procedure:
1. Take a soil paste specimen of 15-20g and place it onto the glass mixing plate, allowing the paste to dry out slightly so it is plastic enough to be shaped into a ball.
2. Roll the ball of sample using the fingers and the palm of the hand until slight cracks start to appear on the surface and divide into 3 portions. 
3. Roll one portion into a thread around 6mm in diameter, as demonstrated in appendix J.
4. Place the thread on the glass plate, rolling it back and forth in an even motion with uniform downwards pressure until the thread crumbles at a diameter of 3mm, using the 3mm rod to assess the thickness.
5. Place the crumbled pieces of thread into the moisture container, weighing and recording results.
6. Place the sample into the oven at 105-110C for at least 16 hours to sufficiently dry the sample.
7. Weigh the dry sample in the container and record results.
8. Repeat the process with the second and third ball sample. 
(BSI, 2018, pp 12-13).
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[bookmark: _Toc70367370]Results Table – Liquid Limit (LL) / Plastic Limit (PL)
	Test Number
	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

	Weight of wet soil and container (g)
	9.43
	13.35
	13.39
	12.89
	8.01
	9.4
	8.18

	Weight of Dry soil and container (g)
	8.02
	10.66
	10.68
	10.24
	7.24
	8.31
	7.39

	Weight of Container (g)
	4.72
	4.69
	4.69
	4.72
	4.73
	4.73
	4.81

	Weight of Moisture (g)
	1.41
	2.69
	2.71
	2.65
	0.77
	1.09
	0.79

	Weight of Dry soil (g)
	3.3
	5.97
	5.99
	5.52
	2.51
	3.58
	2.58

	Moisture Content (%)
	42.72
	45.06
	45.24
	48.01
	30.68
	30.45
	30.62

	Number of Blows
	32
	22
	19
	15
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	Note

	The liquid limit test can be affected by the humidity of the room the test is carried out in.
	It can increase the moisture of the sample and affect the accuracy of the results.


	When drying the samples, they should be left in the oven for enough time to dry.
	To make sure there is no moisture remaining in the sample. 


	The results of the plastic limit rely on visual perception for the 3mm crumbling comparison of the sample with the rod.
	May result in human error.




(BSI, 2018).

[bookmark: _Toc70367372]Equations
	Values to Find
	Equation

	Weight of Moisture (g)
	(Weight of Wet soil + Container) – (Weight of dry soil + Container)


	Weight of dry soil (g)
	(Weight of dry soil + Container) – (Weight of container)


	Moisture Content (%)
	 


	Plastic Limit
	Average of the 3 moisture content (%) values

	Plasticity Index
	Liquid Limit – Plastic Limit


[bookmark: _Toc70367373]Solutions:
Calculations for the Weight of Moisture, Weight of Dry soil, Moisture content (%), Plastic Limit & Plasticity Index are laid out in Appendix K.
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Graph 1:
Liquid Limit

The results obtained for the moisture content (y-axis) and number of blows (x-axis), are plotted on the graph, and a line of best fit is drawn. The 25-blow mark is the figure used to obtain the liquid limit which, from the graph, is deduced as 44.6% (Das, 2002). 
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Figure 2 - Plasticity Chart for the Classification of Fine Soils
[Source: BSI, (2018) pp 6-7].

The results obtained for the Plasticity Index and Liquid limit can be plotted on the Plasticity Chart for the classification of fine soils, giving a resulting classification of the sample as Medium (or intermediate) Silt (SiM), meaning the predominance of the grain size is in the silt group and falls into the larger grain size when compared to clay. 
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Figure 3 – Grain Size Chart
(Source: Atkinson, 2007)
Taking into consideration clays grain size of or less and a silt from between to , the specimen preparation carried out on the soil sample was sieved using a no.40 sieve, which has openings of , retaining any material larger than only allowing soil particles less than to pass. From the resulting classification of the soil sample being a Medium (or Intermediate) Silt, the grain size of the sample can be deduced as being between and  (Atkinson, 2007).

[bookmark: _Toc70367376]Discussion
In construction having a stable structure starts from the foundations which is like the anchor to the superstructure. For civil engineers, soils are the base layer that structures are built on and have a significant influence in determining how foundations are designed and built. 

A soil’s consistency is its ease in which it can resist deformation and can aid in evaluating the suitability of a soil as a material or as a foundation. As the moisture content decreases, a fine-grained soil, such as silts and clays, will have the consistency of either a liquid, plastic, semi-solid or a solid state where each state has differences in shear strength, consistency and behaviour. The boundaries between each state can be defined based on a change in the soil’s behaviour at different moisture contents. The significant Atterberg limits represent the boundaries of these states and are known as the liquid limit (LL), plastic limit (PL) and shrinkage limit accordingly (SL), as shown in appendix L. The numerical difference between the PL and LL is known as the Plasticity Index (PI) and is the range where a soil will behave in a plastic manner (Obe, 2016; Almadhoun, 2017). 

When a soils moisture content is increased it will swell, increasing in volume, which can cause uneven distribution of a foundation, hence the possibility of damage being caused to the foundation and structure (Ishibashi and Hazarika, 2015). The LL and PL of a soil can be used to aid in predicting swelling potential, consolidation properties, strength parameters, allowable bearing capacity and settlement of a foundation (Padhi, 2015).

Understanding the consistency limits aids in classifying a soil and assists in predicting how a soil will act if its moisture content is increased. At a low moisture content, a soil will behave as a solid but as the moisture content increases it acts like a plastic and eventually the cohesion and friction strength of the soil will decrease enough that it will flow like a liquid due to its shear strength being at its lowest. This correlates to the LL and PL because these values represent significant moisture content boundaries where, the risk of slope stability failure is higher as cohesion, friction and shear strength decreases causing the internal friction angle of resistance for the soil to decrease, which can lead to failure of the soil resulting in the slipping of soil mass and landslides (Han et al., 2020). 

[bookmark: _Toc70367377]Liquefaction
A consideration when discussing the consistency limits is soil liquefaction, which describes a soils behaviour when cyclically loaded, where a soil suddenly goes from a solid state to a liquid state. The PL, PI and LL are the values where soils are susceptible to liquefaction, as this is the range where a soil is saturated and may have a loss of shear strength.  During cyclical loading soils will decrease in volume, which increases pore water pressure and reduces shear strength. An example of this is earthquakes, which can be problematic for foundations as the soil can no longer maintain stability (Ishibashi and Hazarika, 2015). 
[bookmark: _Toc70367378]Landslide Case Study
In 2018, in the Goncha Siso Eneses area, located in north-western Ethiopia, a rainfall triggered landslide resulted in the devastation of 233.1 hectares of land, 62 people dead, demolition of houses and displaced 5,091 households. Soil slope failure, caused by a loss in the soils shear strength, had damaged power lines, caused the tilting of housing and blocked streams as well as springs. Research was carried out on the soil in the area to deduce the cause of failure by evaluating factors such as the Atterberg limits. The results when plotted on the plasticity chart, showed that the soils plasticity index falls below the ‘A’ line of inorganic silty/organic clay with an intermediate and high plasticity class. The liquid limit results for all the sites were greater than 30%, meaning the soil in all the sites has a high expansion and shrinkage potential with moisture. The increase in moisture content and pore pressure for the soil reached the liquid limit until there was a significant reduction in shear strength, which led to the slope stability failure. The recommendations made to improve mitigation measures to future risks included slope water management and soil erosion management. (Azeze, 2020). 

[bookmark: _Toc70367379]Conclusion
The Atterberg limits are important parameters to assess when it comes to evaluating ground conditions, particularly when it comes to shrinkage and swelling. Research from the northwest Ethiopia case study where there was heavy rainfall, which caused soil slope failure, showed that the internal friction angle and shear strength reduced significantly and led to the failure of the soil. Finding the liquid and plastic limit boundaries can aid in designing foundations and structures that are suitable, safe and can maintain their stability with increasing moisture content. 







[bookmark: _Toc70367380]Appendixes 
APPENDIX A
Photograph showing a Permeameter.

[image: A picture containing handcart, transport

Description automatically generated]
[Source:  Almadhoun, (2017), pp.83]


APPENDIX B
Diagram showing constant-head permeability test.
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[Source: Almadhoun, (2017), pp 81]
APPENDIX C
Diagram showing a section of a typical constant-head permeability cell.
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[Source: BSI, (1990), pp 24]









APPENDIX D
Photograph showing apparatus for the Liquid Limit test.
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[Source: Basic civil engineering, (2015)]

APPENDIX E
Photograph showing soil paste spread and levelled off in the Casagrande Cup.
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[Source: Basic civil engineering, (2015)]




APPENDIX F
Photograph showing groove cut through soil sample in Liquid Limit Test. 
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[Source: Basic civil engineering, (2015)]


APPENDIX G
Diagram showing the Casagrande cup being dropped.
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[Source: BSI, (2018), pp.5]




APPENDIX H
Diagram showing a) Filling the cup with soil, and  b) cup at the end of the test.
[image: Diagram
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[Source: BSI, (2018), pp.11]


APPENDIX I
Photograph showing apparatus for Plastic Limit test.
[image: Determination of Plastic Limit of Soil]

[Source: Hamakareem, (n.d.)]  




APPENDIX J
Diagram showing rolling balls into thread.
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[Source: Mudavath, (2018)]





















APPENDIX K
Calculations for weight of moisture (g), weight of dry soil (g) and moisture content (%).
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APPENDIX L
Diagram showing the Atterberg limits.
[image: A picture containing diagram
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[Source: Jamal, (2017)]

















[bookmark: _Toc70367381]References

Almadhoun, Y.S.M., (2017). “Test no.6 – Measurement of consistency limits”, Soil Mechanics Laboratory Manual, pp.46-55.

Almadhoun, Y.S.M., (2017). Test no. 9 - Constant-head permeability test, Soil Mechanics Laboratory Manual, pp.78-87.

Almadhoun, Y.S.M., (2017). Figure in 9.01 Constant-head permeability test in Test no.9 – Constant-head permeability, Soil Mechanics Laboratory Manual, pp.81.

Atkinson J., (2007). “Soil particle sizes, shapes and gradings” in Classification of soils, The Mechanics of soils and Foundations, Taylor and Francis Group, pp.54-56.

Atkinson J., (2007). “Influence of water on stability of slopes” in Stability of Slopes, The Mechanics of soils and foundations, Taylor and Francis Group, pp.328.

[bookmark: _Hlk69728623]Azeze, A.W., (2020). “Assessments of Geotechnical Condition of Landslide Sites and Slope Stability Analysis Using Limit Equilibrium Method around Gundwin Town Area, Northwestern Ethiopia”, Research Square.

Banks, V., (n.d.). “Swelling and shrinking soils”, BGS.
Available online at  https://www.bgs.ac.uk/geology-projects/shallow-geohazards/clay-shrink-swell/ 
[Accessed 24th April 2021]

[bookmark: _Hlk70346137]Basic civil engineering, (2015). Atterberg Limit Test Soil Mechanics, Basic civil engineering.
Available at https://basiccivilengineering.com/2015/07/atterberg-limit-test-soil-mechanics.html
[Accessed 26th April 2021]

BSI, (1990). “Section 5.2 Apparatus” in Determination of permeability by the constant-head method, BS 1377-5:1990 - Methods of test for Soils for - Civil Soils for civil engineering purposes - Part 5: Compressibility, permeability and durability tests, BSI, pp.11-12.

BSI, (1990). “Section 5.3 Selection and preparation of sample” in Determination of permeability by the constant-head method, BS 1377-5:1990 - Methods of test for Soils for - Civil Soils for civil engineering purposes - Part 5: Compressibility, permeability and durability tests, BSI, pp.12.

BSI, (1990). “Section 5.4 Preparation and assembly” in Determination of permeability by the constant-head method, BS 1377-5:1990 - Methods of test for Soils for - Civil Soils for civil engineering purposes - Part 5: Compressibility, permeability and durability tests, BSI, pp.12-13.

BSI, (1990). “Section 5.5 Test procedure for downward flow of water through the sample” in Determination of permeability by the constant-head method, BS 1377-5:1990 - Methods of test for Soils for - Civil Soils for civil engineering purposes - Part 5: Compressibility, permeability and durability tests, BSI, pp.13.

BSI, (1990). Figure 5 — Section of a typical constant-head permeability cell, BS 1377-5:1990 Methods of test for Soils for civil engineering purposes - Part 5: Compressibility, permeability and durability tests, BSI, pp.24.

[bookmark: _Hlk69850291]BSI, (2018). “Section 4.3 Casagrande method” in Apparatus, BS EN ISO 17892-12:2018 Geotechnical investigation and testing - laboratory testing of soil: Part 12 - Determination of liquid and plastic limits, BSI, pp.5.

BSI, (2018). 4.3.1 Casagrande apparatus in Casagrande method, BS EN ISO 17892-12:2018 Geotechnical investigation and testing - Laboratory testing of soil. Part 12: Determination of liquid and plastic limits, BSI, pp.5.

BSI, (2018). “Section 5.2 Specimen preparation” in Test Procedure, BS EN ISO 17892-12:2018 Geotechnical investigation and testing - laboratory testing of soil: Part 12 - Determination of liquid and plastic limits, BSI, pp.7-8.

BSI, (2018). “Section 5.4 Determination of the liquid limit by the Casagrande method” in Test Procedure, BS EN ISO 17892-12:2018 Geotechnical investigation and testing - laboratory testing of soil: Part 12 - Determination of liquid and plastic limits, BSI, pp.10-12.

BSI, (2018). Figure 5 in 5.4 Determination of liquid limit by the Casagrande method, BS EN ISO 17892-12:2018 Geotechnical investigation and testing - Laboratory testing of soil. Part 12: Determination of liquid and plastic limits, BSI, pp.11.

BSI, (2018). “Section 5.5 Determination of plastic limit” in Test Procedure, BS EN ISO 17892-12:2018 Geotechnical investigation and testing - laboratory testing of soil: Part 12 - Determination of liquid and plastic limits, BSI, pp.12-13.

BSI, (2018). “Section 4.4  Plasticity” in Principles of soil classifications,  BS EN ISO 14688-2:2018 Geotechnical investigation and testing. Identification and classification of soil: Part 2 - Principles for a classification, BSI, pp.6-7.

Budhu, M., (2015). “Soil Fabric” in Composition and Particle Sizes of Soils, Soil Mechanics and Fundamentals, John Wiley and Son, pp.6-7.

Craig, R.F., (2004). “Soil description and classification” in Basic characteristics of soils, Craig’s Soil Mechanics, Spon Press, Taylor and Francis Group, pp.9-17.

Craig, R.F., (2004). “Permeability” in Seepage, Craig’s Soil Mechanics, Spon Press, Taylor and Francis Group, pp.31-32.

Das, B.M., (2002). “Liquid Limit Test”, Soil Mechanics Laboratory Manual 6th Edition, Oxford University Press, pp.35-40.

Das, B.M., (2014). “Determination of the coefficient  of permeability in the laboratory” in Permeability, Advanced soil mechanics, CRC Press, Taylor and Francis Group, pp.198-199.

[bookmark: _Hlk69728413]Hamakareem M.I., (n.d.). “How to Set Up Dewatering Plan for Excavations?”, The Constructor.
Available online at https://theconstructor.org/practical-guide/set-up-dewatering-plan-for-excavations/21605/ 
[Accessed 24th April 2021]

Hamakareem, M.I., (n.d.). “Determination of Plastic Limit of Soil”, The Constructor.
Available online at https://theconstructor.org/geotechnical/determination-plastic-limit-soil/2929/
[Accessed 26th April 2021]

Han, Z., Li, J., Gao, P., Huang, B., Ni, J. and Wei, C., (2020). “Determining the Shear Strength and Permeability of Soils for Engineering of New Paddy Field Construction in a Hilly Mountainous Region of Southwestern China”, International journal of environmental research and public health, 17(5), p.1555.

Huang, K., Wan, J.W., Chen, G. and Zeng, Y., (2012). “Testing study of relationship between water content and shear strength of unsaturated soils”. Rock and Soil Mechanics, 33(9), pp.2600-2604.

Ishibashi I. and Hazarika H., (2015). “Liquefaction—Sand Becomes Liquid during Earthquake”, Soil mechanics Fundamentals and Applications, CRC Press, Taylor & Francis Group, pp.7-8.

Ishibashi I. and Hazarika H., (2015). “Swelling and shrinkage of clays” in Clays and their behaviour,  Soil mechanics Fundamentals and Applications, CRC Press, Taylor & Francis Group, pp.46-47.

Ishibashi I. and Hazarika H., (2015). “ Compaction”, Soil mechanics Fundamentals and Applications, CRC Press, Taylor & Francis Group, pp.65-84.

Jacob, J., (2014). Soil permeability, Slideshare.net.
Available online at https://www.slideshare.net/JISMIJACOB/soil-permeability-ppt
[Accessed 26th April 2021]

Jamal, H., (2017). Atterberg Limits of Soil Classification - Atterberg Test, About Civil.org.
Available online at https://www.aboutcivil.org/atterberg-limits.html
[Accessed 26th April 2021]

Jones, L., Banks, V. and Jefferson, I., (2020). “Swelling and shrinking soils”, Geological Society, London, Engineering Geology Special Publications, 29(1), pp.223-242.

Mishara G., (n.d.). Permeability of soil by constant head permeameter – Objectives and procedure, The Constructor.
Available online at  https://theconstructor.org/geotechnical/soil-permeability-test-constant-head/2993/#:~:text=The%20constant%20head%20permeability%20test,soils%20either%20reconstituted%20or%20disturbed 
[Accessed 19th April 2021]

Mudavath K., (2018). Plastic limit test of Soil, We Civil Engineers.
Available online at https://wecivilengineers.wordpress.com/2018/01/23/plastic-limit-test-of-soil/
[Accessed 26th April 2021]

Novilla, R.B., (2018). Geophysical Risks and Exposure of Public School Buildings in Samar, Journal of Academic Research, 3(2), pp.14-28.

Obe, R.K.D., De Brito, J., Mangabhai, R. and Lye, C.Q., (2016). “Atterberg Limit”, Sustainable construction materials: Copper slag, Woodhead Publishing, pp.212.

Padhi, S., (2015). “Liquid limit of soil – What, Why & How?”, Civilblog.org
Available online at https://civilblog.org/2015/03/07/liquid-limit-of-soil-what-why-how/#:~:text=Value%20of%20liquid%20limit%20is,bearing%20capacity%20%26%20settlement%20of%20foundation. 
[Accessed 20th April 2021]

Popham, N., (2019). “Resin infusion for the manufacture of large composite structures”, Marine Composites, 1, pp.218-233.

Roy, S. and Bhalla, S.K., (2017). “Role of geotechnical properties of soil on civil engineering structures”, Resources and Environment, 7(4), pp.103-109.

VJ Tech, (2020). Introduction to permeability testing, VJ Tech.
Available online at https://www.vjtech.co.uk/blog/Post/1771/introduction-to-permeability-testing
[Accessed 26th April 2021]








Determining the Liquid Limit (LL)

Moisture Content (%)	32	22	19	15	42.72	45.06	45.24	48.01	Number of Blows


Moisture Content (%)



1

image2.jpeg
Coaticents of permeadiy (<)
Soitype - Pormoatily

Clean gravel

Clan sands Popid

Giean sang ang
oravel mixures

Vory i sands

Organic and inorganic
S
Mixures of sand, it
and clay
Statfiod ciay
deposts,elc

Impermeabo sais
or example.
namageneous clays
oalow the weathering

[E—

o

v




image3.png
80

Y P
//
70
7
e
d
//
60 ~
U cv
\»/ N
7
50 — /
7
7
//
40
CIH
e siv
7
//
30 %
7
d /
CIM
20 A -
s SiH
7
e ®
10 va
CIL-Si Siv
0 SiL
0 10 20 30 40 50 60 70 80 90 100
X
Key
liquid limit, wy, IY plasticity index, Ip
Soil type Plasticity
ILiquid limit
o} (Clay L Low <35
Si Silt M Medium 35t0 50
H High 50 to 70
\Very high >70
o Organic append to classification for organic material (e.g. CIHO)
[U line p=0,9 (w,-8) A line [Ip =10,73 (wy. - 20)





image4.png
Electron Microscope Naked

microscope or handlens eye
—— | -1 >
Fine grained Coarse grained
- —
L I 1 i 1 | 1 1 Il 1
0.002 0.006 0.02 006 0.2 0.6 2 6 20 60 200
Size (mm)
Fine (Medium|Coarse| Fine [Medium{Coarse| Fine {Medium|Coarse
Clay Cobbles(Boulder:

Silt Sand

Gravel





image5.png




image6.png
Discharge, Q (cms)




image7.png
Manometer tubes —w— - Piston
Bleed screw—— - e Locking nut
———————Top connection
——0-ring seals
0-ring seal ——- —

Upper perforated
plate
Manometer ——-

ki prware \G—

= m

m Sample
0

——Graded filter material

[f-————Wire gauze or
porous disc

Acrylic plastics
cell’ body

o
%
S —
===

A M| — wire gauze or

Tie rod e — —al\f] _f 1 porous disc

Lower perforated plate %Y Graded filter material
IR

0-ring sell ——————————" ase connection

Control valve

Figure 5 — Section of a typical constant-head permeability cell
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