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[bookmark: _Toc36841886]Introduction.
[bookmark: _Toc36841887]Description.
This document has been prepared to describe and publish the results of laboratory tests of soil samples using the Atterberg limit tests and the Constant Head Permeability Test.
The Constant Head Permeability Test are carried out to define the coefficient of permeability of a soil sample the results of which are cross checked against Darcy’s Table to determine the classification of the soil. The tests are to be carried out in accordance with BS EN ISO 17892-11:2019  (British Standards Institute, 2019)




[bookmark: _Toc36841888]Atterberg Limit Tests.
The Atterberg Limit test are carried out to define the liquid and plastic limits of the soil sample and are defined in BS EN ISO 17892-12:2018 (British Standards Institute, 2018) as
1. The liquid limit is the water content at which a soil changes from the liquid to the plastic state.
2. The plastic limit of a soil is the water content at which a soil ceases to be plastic when dried further.
3. The plasticity index is the numerical difference between the liquid limit and the plastic index of a soil.

[bookmark: _Toc36841889]1.Liquid Limit Test Using the Casagrande Method.
[bookmark: _Toc36841890]Equipment needed (liquid and plastic limit tests).
1. Casagrande Apparatus.
2. Mixing bowl.
3. Test specimen containers (these should be made of a material which is not affected by repeated drying cycles, glass, porcelain and corrosion resistance materials are the most suitable. The containers shall be big enough to contain the sample but not so large that the mass of the container is excessively larger than the samples) the containers used for the plastic limits shall have close fitting lids.
4. Water which should be distilled, de-ionized or demineralised.
5. Spatulas.
6. Spray bottle.
7. Sample containers.
8. Sieves which comply with ISO 3310-1.
9. Flat plate for plastic test.
10. 6mm and 3mm rods
11. Metal straightedge about 100mm long


[bookmark: _Toc36842202]Figure 1-Picture of Casagrande Test Equipment
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[bookmark: _Toc36841891]Methodology 
To carry out the liquid limit test to (British Standards Institute, 2018) using the Casagrande method use the following method 
1. Check the equipment is calibrated and calibrate if not.
2. Choose four containers number and weigh them; then record the weight in the table for the test results.
3. Take portion of the soil sample and sieve using a sieve with an aperture of 0.4mm to take out any larger soil particles.
4. Take 250g of the sieved soil and place in a container and mix with small amount of water (1-2ml a time), to make sure the sample is thoroughly mixed it is necessary to stir, chop and knead it until a smooth clay consistency is achieved that requires 30-35 drops on the Casagrande apparatus to close the 12mm grooved gap.                                               
(This aspect of the experiment is trial and error until the consistency required is achieved).
5. Once the correct clay consistency has been achieved, place a portion in the Casagrande cup bowl, press down with the spatula and spread it out as flat as possible while avoiding adding air bubbles into the sample to a depth of approximately 10mm.
6. Place any excess sample back in the mixing bowl.
7. Use the gauging groove tool to cut a groove in the centre of the sample working from front to back, if the sample is a clay soil then this should be done in one action and three swipes if the soil is a silt ( this is to avoid tearing the sample at the side), making sure that the sample does not crack or slide across the cup and goes through the sample to the surface of the cup.
8. Zero the drop counter on the cup.
9. Turn the crank handle on the cup at a rate of 2 revolutions per second to lift the cup up and down until the groove cut in the soil sample closes over 12mm.
10. Record the number of drops needed to close the soil ample over 12mm.
11. Using a spatula remove a sample of the soil the same width as the spatula working from side to side cutting across the groove, place the sample taken into a container and weigh the combined weight of the wet soil and container.
12. Record the weight.
13. Repeat steps 1-11 until there is four samples making sure that a little more moisture is added to the mix before each test (making sure that the cup is dry and clean before starting the next test)  this is the reduce the number of blows needed for each consecutive test. (The reason for this is to obtain samples which require above and below 25 drops, with the number of drops needed should range between 15 and 40)
14. Dry the four samples in the oven at a temperature of 105° for 24 hours, then weigh the dry sample and container together to determine the moisture content.
[bookmark: _Toc36841892]2.Plastic Limit Test.
[bookmark: _Toc36841893]Methodology
1. Choose three containers, number and weigh them and records the weight in the table for the test results.
2. Take a sample of the soil which should be about 15g to 20g and prepared in the same way as the liquid limit method.
3. Mould the sample into a ball and allow to dry in the air or under a gentle amount of warm air.
4. Mould the ball between your fingers then roll in the palms of your hands so the warmth of your hands heats and dries the sample until small cracks appear in it.
5. Then divide the portion into three equal portions.
6. Using one portion at a time mould the sample between finger and thumb until it is a thread of 6mm in diameter, checking against the rod provided.
7. Place the thread on the plate glass and roll using the palm of your hand until the thread diameter has been reduced to 3mm diameter checking against the 3mm rod provided.
8. Repeat the process until the tread starts to crumble around the 3mm diameter mark. The end point of this test is when the treads just start to break apart and not when the show signs of cracking.
9. Place the sample into a container and place a lid on it.
10. Repeat processes 7-10 until all three samples have been done.
11. Dry the samples in the oven.
12. Weigh the dry samples and container together and take the average of the results to calculate the moisture content average.







[bookmark: _Toc36842203]Figure 2-Picture of Plastic Test Equipment
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[bookmark: _Toc36841895]1.Liquid Limit (LL).
To obtain the mass of the moisture content in the samples we used the following equations.
Equation number 1
Mass of moisture= (mass of wet soil + mass of container) - (mass of dry soil + mass of container)
Once the mass of the moisture has been obtained, we then worked out the mass of the dry soil using the following equation.
Equation number 2
Mass of dry soil= (mass of dry soil + mass of container) – mass of the container
e.g. Liquid limit test number 1


Once we have the mass of the moisture and the mass of the dry sample, we then worked out the percentage of moisture in the sample using the following equation.

Where
1. W=Moisture Content
2. Mw=mass of the moisture.
3.  Ms=mass of the dry soil.
e.g. moisture content for Liquid limit test number 1 is

Once the calculations have been done for the four samples the moisture content is plotted on a graph against the number of blows to obtain the liquid limit, this is done by drawing a line of best fit through the plots on the graph, marking the point at which the 25 blows point is crossed and carrying the point across to the moisture content axis to obtain the liquid limit for the soil. 
See next page for table of results and graph.


[bookmark: _Toc36838554]Table 1-Liquid Limit Test Results 
	Test no
	1
	2
	3
	4

	Type of test
	LL
	LL
	LL
	LL

	Container Number
	LL1
	LL2
	LL3
	LL4

	Mass of wet soil and container (g)
	9.43
	13.35
	13.39
	12.89

	Mass of dry soil and container (g)
	8.02
	10.66
	10.68
	10.24

	Mass of container (g)
	4.72
	4.69
	4.69
	4.72

	Mass of moisture (g)
	1.41
	2.69
	2.71
	2.65

	Mass of dry soil (g)
	3.3
	5.97
	5.99
	5.52

	Moisture content (%)
	42.72
	45.06
	45.24
	48.01

	Number of blows
	32
	22
	19
	15








[bookmark: _Toc36838555]Table 2-Graph showing results from Liquid Limit test
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Moisture Content of the sample to be read as 44.4%


[bookmark: _Toc36841896]2.Plastic Limit (PL).
To obtain the Plastic Limit for the sample you need to work out the mean moisture content as follows.

See table below for Plastic Limit results.
[bookmark: _Toc36838556]Table 3-Plastic Limit Test Results
		Test number
	1
	2
	3

	Type of test
	PL
	PL
	PL

	Container Number
	PL1
	PL2
	PL3

	Mass of wet soil and container (g)
	8.01
	9.4
	8.18

	Mass of dry soil and container (g)
	7.24
	8.31
	7.39

	Mass of container (g)
	4.73
	4.73
	4.81

	Mass of moisture (g)
	0.77
	1.09
	0.79

	Mass of dry soil (g)
	2.51
	3.58
	2.58

	Moisture content (%)
	30.68
	30.45
	30.62








[bookmark: _Toc36841897]3.Plasticity Index (PI).
The Plasticity Index is obtained by subtracting the Plastic Limit from the Liquid Limit as follows.


By finding the intersection between the result of the Liquid Limit Test on the x axis and the result of the Plasticity Index on the y axis we can see that the soil sample is below the A line which means the soil can be defined as a silty soil which is in the intermediate section of the Upper Plasticity Range.
[bookmark: _Toc36838557]Table 4-Plasticity chart showing result of the test.
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[bookmark: _Toc36841898]Conclusion
The Liquid Limit, also known as the upper plastic limit, is the water content at which soil changes from the liquid state to a plastic state., the minimum moisture content at which a soil flows upon application of very small shear force or the moisture content at which any increase in the moisture content will cause a plastic soil to behave as a liquid. The limit is defined as the moisture content, in percent, required to close 12mm along the bottom of a groove after 25 blows in a liquid limit device.
The Plastic Limit, also known as the lower plastic limit, is the water content at which a soil changes from the plastic state to a semisolid state or the soil moisture content at which any increase in the moisture content will cause a semi-solid soil to become plastic. The limit is defined as the moisture content at which a thread of soil just crumbles when it is carefully rolled out to a diameter of 3mm. The plastic limit is defined as the moisture content where the thread breaks apart at a diameter of 3mm  A soil is considered non-plastic if a thread cannot be rolled out down to 3mm at any moisture possible. (Jamal, n.d.)
The importance of the liquid limits is that it lays out the maximum amount of water a soil can contain before it loses cohesive strength through the build up of pore water pressure forcing the bond between the soil particles to fail, this can have devasting consequences in urban areas which can have high seismic activities such as Niigata in Japan where in 1964 an earthquake of the northwest coast of Honshu which is around 31 miles from the city of Niigata caused liquefaction of the soil over large parts of the city, destroying over 3500 homes and damaged 11,000 more.
Liquefaction takes place when loosely packed, water-logged sediments at or near the ground surface lose their strength in response to strong ground shaking. Liquefaction occurring beneath buildings and other structures can cause major damage during earthquakes. (USGS, 2018)




[bookmark: _Toc36842204]Figure 3-Image of damage caused at Niigata Japan through liquefaction of the soil by an earthquake taken from www.USGS.gov
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One of the other effects liquefaction of soil is through landslides such as the one in December 2015/January 2016 in the Nant Ddu valley in the Brecon Beacons National Park where the ground became unstable because of prolonged rain causing the soil on the steep valley sides. (Jacobs, n.d.) 


[bookmark: _Toc36841899]Constant Head Permeameter Test.
[bookmark: _Toc36841900]Equipment needed.
1. Permeameter cell, this is a cylindrical body made of a transparent material such as acrylic which is held in place at the top and bottom by two removable sections of a corrosion resistant metal.
2. Two discs of a wire gauze or similar porous material which has the same diameter as the inside of the permeameter cell, the material shall have a greater permeability than the soil sample but should not let any soil particles pass through it. One disc is placed at the top and bottom of the sample.
3. A vertically adjustable reservoir tank which can maintain a constant head of water for the test.
4. A supply of clean water which ideally should be de-aerated but can be substituted for clean tap water.
5. A set of manometer tubes which can be made from glass or a transparent plastic which have the same internal diameter.
6. A pinch cock on each flexible tube.
7. Measuring cylinders of 100ml, 500ml and 1000ml capacity.
8. A large plastic funnel.
9. A scoop for placing soil in the funnel.
10. A smaller scoop to fit inside the permeameter cell.
11. A flat ended tamping rod of around 10 mm diameter and long enough to reach the bottom of the permeameter cell.
12. A thermometer accurate to 0.5°c.
13. A stopwatch which reads to 1 second.
14. A balance scale which reads to 1 gram.
15. A steel rule which reads to 0.5mm.
16. Internal callipers.
[bookmark: _Toc36841901]Methodology.
1. Remove the top plate of the permeameter cell and measure the following if unknown
a) the internal diameter of the cell at different points and recording the mean internal diameter. (D mm)
b) Distance between the centre of each manometer connection points along the body of the cell. (L mm)
c) Internal length of the cell ()
2. Check that cell, gauze or porous discs, glands and joints are free from any material which could cause a blockage and restrict the flow.
3. Fill the bottom of the cell with graded filter material to a depth of about 50mm and level off, then place either a wire gauze or porous disc on top.
4. Select a sample for the test and carry out a sieve analysis if required in line with 9.2.4 of BS 1377-2:1990 and remove any particles which are larger than  of the cell diameter.
5. Place the sample for testing into the cell in such as way as to give a consistent deposit for the voids ration or density required, the height of the sample shall be twice the height of the cell diameter. The sample shall be placed either of the following methods.
a) Hand tamping.
This is to be done in at least four layers, the height of which should be approximately half the diameter of the cell and tamp each layer and level off before adding each subsequent layer. 
b) Placing underwater.
Mix the soil sample with the water supply being used and place in a funnel which has a flexible hose fitted with a bung and support so the tubing reaches 15mm above the wire gauze or porous disc. Attach the water supply to the control valve on the base of the permeameter and fill to 15mm above the wire gauze or porous disc ensuring there are no trapped air bubbles. Release the soil and water mix ensuring the end of the funnel is just above the water level until the required height has been achieved. (the water height should maintain a height of 15mm above the inserted soil sample using the control valve) 
6. Place the upper wire gauze or porous stone on top of the soil sample and place some more graded filter material on top of this to depth of at least 50mm.
7. Release the piston in the top plate and withdraw it to its maximum extent, fit the top plate of the permeameter and fix into position.
8. Carefully lower the piston to ensure the perforated plate is bedded on top of the filter material, hold the piston in position and tighten the locking collar.
9. Measure the mean height of the sample by measuring in at least three positions around the cell, the distance between the top and bottom wire gauzes or porous discs to the nearest 1mm.
10. Saturate the sample by connecting the base control valve to the water supply, close the connections to the manometer and open up the air bleed valve and top connection, open up the control valve and fill the sample with water from the bottom until water comes out of both the air bleed valve and top connection.
11. Check that the perforated plate is still in firm contact with the filter material and adjust and retighten if needed.
12. Close the control valve and connect the water supply to top connection on the permeameter and connect the base control valve to the discharge reservoir making sure no air becomes entrapped.
13. Move the reservoir tank so it is just above the top of the permeameter and open the water supply valve and allow water to flow through the sample making sure there is no trapped air in anywhere including the monometers then close the valves.
14. If necessary reset the reservoir tank to the appropriate height for the hydraulic gradient to be imposed on the sample, open up the water enough to allow water through the sample ensuring the discharge volume is less than the supply volume to the reservoir tank and allow the water levels in the manometer to stabilise before starting the test.
15. Place a measuring container below the outlet on the discharge cylinder and start a timer as soon as water starts to enter the measuring container and recorder the amount of water discharged in a given time or record the time needed to collect a certain volume of water.
16. Record the water levels in the manometer and the temperature of the water in the discharge reservoir.
17. Repeat steps 15-16 until the required number of tests has been completed.  


[bookmark: _Toc36841902]Constant Head Permeability Test Results
Location				UWTSD
Operative				Richard Askham.
Sample Number			1a
Sample Date				01/03/2020
Soil Description			Sandy with a hint of gravel.
Method of preparation		Placed dry in four layer, each lightly tamped.
Sample diameter			0.1m
Area of sample (A)			
					0.00785m²
Manometer A			0.400m
Manometer B			0.468m
Head Difference from A to B(h)	0.068mggg
Distance Between A to B(L)	0.2m
[bookmark: _Toc36838558]Table 5-Constant Head Permeability Test Results.
	Test Number.
	Time Interval in seconds (t)
	Measured Flow in m³(Q)

	1
	165
	

	2
	330
	

	3
	660
	





Using the following formula which is defined in Darcy’s’ Law 

Where the following units represent.
Q=flow over time (t) in m³/s
A=area of flow
K=coefficient of permeability
L=length of the flow line
h=hydraulic head difference
t=time in seconds
We can work out the coefficient of permeability (K) for the soil sample as shown below.
Test number 1
 
Test number 2
 
Test number 3
 
Taking these results and working out the mean value gives us a coefficient of permeability of 
+




[bookmark: _Toc36841903]Result Analysis.
Looking at the table presented in figure 4 we can see that the soil type can be defined as being of a clean sand and gravel mixture which has a rapid permeability.

[image: ]
[bookmark: _Toc36841904]Conclusion.
Understanding the permeability of the ground is important in Civil Engineering because it is important that the ground upon a structure is built because changes in the ground water level can cause settlement when the groundwater level subsides and damage through heave when the groundwater level rises. (Toll, 2017)
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