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[bookmark: _Hlk70350925]1.0 Atterberg Limits
1.1 Introduction
Before discussing the methodology and the results that one obtained from the tests, it is important to understand what this test is and why it is important in the field of geotechnical engineering. Backus (c.2021) provided me with information on why we use the Atterberg Limits. Geotechnical engineers must evaluate soils if their intended use is to support structures, pavements, or other loads so they can predict their behaviour under applied forces and variable moisture conditions. These tests are used to establish moisture contents at fine-grained clay and silt soils that transition through solid, semi-solid, plastic, and liquid states. The soils go through these states as moisture content increases/decreases. The main reasoning behind these tests is that the soil will exhibit differences in strength, consistency, and behaviour at the different states. So, these tests will define the boundaries between these states. The values from these tests will assess shear strength, forecast settlement, estimate permeability and identify potentially expansive soils.
[image: ]
Figure 1 – Graph showing Atterberg Limits
We carried out tests for the liquid and plastic states of our soil samples. According to Kaliakin (2017), “The Liquid Limit (LL) is the moisture content at which a fine-grained soil no longer flows like a liquid” and “The Plastic Limit (PL) is the moisture content at which a fine-grained soil can no longer be remoulded without cracking”. 
1.2 Methodology
In this next part, one shall discuss the procedure of both Atterberg limit tests for liquid and plastic limits. Information has been taken from SKA (2008). (This source is a 7th revision of the original that was posted in 2004). This is an American standard, but the procedure, however, is accurate. The equipment list and sample preparation will be the same for the liquid and plastic tests. The procedure for these two tests will be different, however. 
1.21 Equipment List
· Drying oven
· No. 40 sieve, pan, and lid
· Plastic limit glass plate.
· Aluminium moisture cans
· Rod comparator (3 mm diameter rod, 10 cm long) or callipers for measuring
· Test forms 
· Indelible black ink pen
· Beaker for mixing the sample with DI water
· Parafilm to cover beaker overnight
· Liquid limit device
· ASTM “Casagrande” grooving tool
· Ceramic bowl
· Spatula
· Wash bottle
· Distilled water
· Balance (0.01g sensitivity)
1.22 Sample Preparation 
1. Gather a portion of the soil enough to provide 150 to 200g of material passing the No. 40 sieve (425μm).
2. Add distilled water to the soil sample and change the water content of the mixture, if necessary, by adding small amounts if the mixture is too dry or by allowing the mixture to dry at room temperature while mixing if it’s too wet. The mixture of soil and water should now be at a water content that would require around 25 to 30 blows of the liquid limit device to close the groove. 
3. You can now put the mixed material into the storage dish and cover with a lid to prevent a loss of moisture and allow the mixture to stand at room temperature for at least 16 hours.
4. Once the mixture has stood for the set amount of time, you must thoroughly mix the specimen with the spatula before starting the test.
1.23 Test Procedures
Liquid Limit Test
1. Alter the height of drop of the cup so that the point on the cup that meets the base rises to a height of 10 ± 0.2 mm at its maximum range. The block at the end of the grooving tool handle is a 10 mm gauge. Place the 10 mm block edge at the worn spot on the base. Rotate the handle – there should be no discernible click or bump of the cup.
2.  Before beginning this test, remove approximately 20 g of material and place it on the glass plate to be used for the plastic limit test.
3. Place a portion of the prepared mixture in the cup of the liquid limit device; using a spatula, smooth the mixture to a uniform thickness along with the cup vertical centre. The soil pat should fill the cup to the same level that water would without overflowing the cup. The soil pat should not exceed over 10 mm deep.
4. Then cut a groove in the soil from back to front, using the grooving tool. The tool is held perpendicular to the inside surface of the cup, bevelled edge toward the front, as the tool follows the curve of the cup while making the groove.
5. Ensure that no crumbs of soil are present on the base or the underside of the cup. Lift and drop the cup by turning the crank at a rate of 2 drops per second until the two halves of soil pat come in contact at the bottom of the groove for 13mm (1/2 inch).
6. Next, remove the soil from the liquid limit device and remix it. Also, wash and dry the LL cup. Repeat steps 2, 3, and 4 until three consistent blow counts are achieved for the water content.
7. Record the number of blows required to close the groove. Take a moisture sample by removing a portion of the sample the approximate width of the spatula across the area where the soil pat is in contact. The sample taken should extend from edge to edge across the soil pat perpendicular to the groove. Determine its water content according to the SOP 40 (gravimetric moisture content). 
8. Remove the remainder of the soil from the LL cup and return it to the mixing dish.
9. Wash and dry the LL cup.
10. Then, remix the whole soil specimen in a bowl while adding distilled water to increase the water content of the soil and to decrease the number of blows required to close the groove. Repeat steps 1 through 7 for at least two additional trials producing successively lower numbers of blows to close the groove. The three trials shall be for a closure requiring 25 to 35 blows, one for closure between 20 and 30 blows, and one trial for a closure requiring 15 to 25 blows.
[image: Liquid Limit Device | New Delhi ,India from Accro Tech Scientific Industries]
Figure 2 – Liquid limit device with Casagrande grooving tool
Plastic Limit Test
1. For this test, use the 20g portion of soil that was put to the side from the prepared sample before the liquid limit test.
2. Decrease the water content of the soil to a consistency where it can be rolled without sticking to your hands by spreading and mixing it continuously by hand on the glass plate.
3. Select a 6 to 7 g specimen for testing.
4. Roll the specimen between the palm or fingers on the ground glass plate to form a thread of uniform diameter.
5. If necessary, add little amounts of distilled water, and continue rolling the thread until it reaches a uniform diameter of 3.2mm (1/8 in) and a length of 10 cm (4 in) within 2 minutes. To check the diameter and length, use the rod comparator.
6. Once the roll has reached the set diameter, break the thread into pieces, then gather the pieces together and roll them back into a ball. Roll this ball out until it reaches 3.2 mm (1/8 in.) in diameter and repeat the procedure until the thread is crumbling and cannot be rolled back into a ball. Repeat steps 4 through 6 until approximately 6 g of material is available. Then, collect the pieces and place them into a container to determine the soil moisture.
7. Repeat steps 3 through 6 two times to compute an average plastic limit for the sample.
8. If the difference in moisture content between the two trials is greater than 1.4%, the plastic limit test should be repeated. 
9. You can calculate the water content of each of the plastic limit samples by comparing weight of the rolled sample to its dry weight after they have been in the oven for at least 24 hours.
[image: ]
Figure 3 – Method of rolling out soil sample
1.3 Results and Analysis
Table of data for Liquid and Plastic tests
	 
	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

	Wt of wet soil + cont (g)
	9.43
	13.35
	13.39
	12.89
	8.01
	9.4
	8.18

	Wt of dry soil + cont (g)
	8.02
	10.66
	10.68
	10.24
	7.24
	8.31
	7.39

	Wt of container (g)
	4.72
	4.69
	4.69
	4.72
	4.73
	4.73
	4.81

	Wt of moisture (g)
	1.41
	2.69
	2.71
	2.65
	0.77
	1.09
	0.79

	Wt 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
	N/A
	N/A
	N/A



[bookmark: _Hlk70354357][bookmark: _Hlk70350944]Liquid Limit = 44.4%
Plastic Limit = (30.68+30.45+30.62) = 30.58%
Plasticity Index = 13.82%
Soil Classification = Intermediate Silt

Liquid Limit Graph
[image: Image.jpeg]
Figure 4 – A photo of my liquid limit graph
Plasticity Chart
[image: ]
Figure 5 – Plasticity chart of my soil sample (Red circle shows where the soil sample lies)
After completing the test, we implemented all the information into the table of data for the liquid and plastic limits. The results from the table above allowed us to calculate the liquid limit, plastic limit, and plasticity index. The results being 44.4% (LL), 30.58% (PL) and 13.82% (PI). After plotting the liquid limit graph, we could compare LL to PI to classify what type of soil was used. It can be shown in the plasticity chart that the soil was an intermediate silt. This test allowed us to see which type of soil was retrieved from the sample, which then allows engineers to investigate the soil being used on the site which can give them an indication of what construction methods should be used. 
1.4 Conclusions
To help prove the importance of liquid and plastic limits in soils, one will share a case study Bidyashwari, Kushwaha, Chandra, and Okendro, (2017) from a place in India called Nungbi Khunou. The case study states that “Determination of physical property of the soil helps in identification and classification of soil which includes analysis of particle size distribution, Atterberg limits, water content, specific gravity, phase determination, and direct shear test.” Water plays an important role in triggering certain events in soil such as landslides and slope failures. So, when the moisture content in the soil exceeds its plastic limits, the slope will begin to deform. 
The area where the testing took place found that Plastic limits (PL), liquid limits (LL), shrinkage limit (SL) values are 26.236%, 48%, and 9.4% respectively. Plasticity index (IP), consistency index (IC) and liquidity index (IL) value is 21.764%, 0.379%, and 60.623% respectively. This soil sample falls under organic silt and clay soil with medium compressibility and plasticity.
[image: ]
Figure 6 – Plasticity chart of the soil
The case study also showed a factor safety (Fs) calculated from shear stress data which was less than 1 indicating an unstable slope. From the findings, the study area may result in sudden and unpredictable failure due to volumetric changes in soil. The results given from this study can help provide mitigative measures and ensure further development in the area. If these people hadn’t received this information, they could’ve been building on land that was susceptible to a landslide. Therefore, it is important to have information on soil's liquid and plastic limit.
When building on or building with soil, it's also important to draw upon the strength of soil. Lees (2021) states that “Soil strength depends on many elements, one fundamental consideration being the type of soil. The particles of most soils are essentially incompressible, and soil masses have no tensile strengthThe main force resisting these movements is called friction. This type of shear resistance is related to the soil's physical characteristics including particle size, shape, distribution, but also the stresses that are acting on the soil at the location. The relationship between shear stress and normal stress in granular soils is a straight line that can be defined by an angle known as the friction angle. 
The property that defines strength in granular soils is the friction angle. Clay soils however are composed of extremely small particles but have some shear strength due to the attractive forces acting between these fine particles, and surface tension from pore water holding particles together even without the application of external confining forces. The strength that these clay soils hold is known as apparent cohesion. When soils are saturated, all void spaces are filled with water and the pore pressures generated can affect the particle-to-particle stress and friction in soils. Granular soils have large voids between particles which can allow water to drain away freely, so, pore water effects can be ignored. However, with clay, the voids are microscopically small so water can therefore only drain at slower rates. “When considering the bearing capacity of clay soils, the undrained shear strength is critical” Lees (2021). However, over time the water will drain, and the pore pressure will reduce.
It is important to understand the shear strength of soil in the Atterberg limits as engineers can understand how different soils will react under different environments. 










2.0 Constant Head Permeameter
2.1 Introduction 
According to Mishra (c.2009-2021) “the constant head permeability test is a laboratory experiment conducted to determine the permeability of soil. The soils that are suitable for these tests are sand and gravel. Soils with silt content cannot be tested with this method. The test can be employed to test granular soils either reconstituted or disturbed.” The objective of this test is to determine the coefficient of permeability (k) in a soil. “k is defined as the rate of flow of water under laminar flow conditions through a porous medium area of unit cross-section under unit hydraulic gradient.”
[image: ][image: ]
[bookmark: _Hlk70362198]Figure 7 – Picture showing the constant head permeameter                                                                   and table classifying soils.
2.2 Methodology 
The next part of this assignment will outline the test procedure of the constant head permeameter. Rutajama, et al (2000), provided me with information to complete this test procedure whilst also drawing upon information from BS 1377: Part 5: 1990.
2.21 Equipment List
· Permeameter cell
· Two discs of wire gauze (or porous disc) with a diameter equal to the internal diameter of the cell body.
· A vertically adjustable reservoir tank.
· A supply of clean water (preferably de-aerated).
· A discharge reservoir with overflow to maintain a constant level.
· A set of transparent manometer tubes.
· A pinchcock for each manometer tube.
· The filter material of suitable grading for placing adjacent to the perforated plates at each end of the permeameter.
· Measuring cylinders of 100ml, 500ml and 1,000ml.
· A scoop.
· A flattened tamping rod.
· A thermometer.
· A stop clock.
· A balance, readable to 1g.
2.22 Sample Preparation 
1. Remove oversized particles larger than 8mm in diameter. The volume of the sample should be about twice that required to fill the permeameter cell. This sample shall not be dried.
2. For the determination of Moisture Content and Particle Density, take two or more representative samples from the prepared material.
3. Weigh the remainder of the prepared sample to 1g.
2.23 Test Procedure
1. Bring together the base plate, with perforated base, to the permeameter cell body.
2. In the bottom of the cell, place the graded filter material to a depth of about 50mm. Level the surface and place a wire gauze (or porous disc) on top.
3. The soil must be placed in the permeameter in at least 4 layers, each of which is of a thickness about equal to half the diameter.
4. You can then tamp each layer with a controlled number of standard blows with the tamping rod. Ensure you level the surface of each layer before adding the next.
5. Place the upper wire gauze (or porous disc) on top of the sample.
6. Place the graded filter material on top of the disc to a depth of a minimum of 50mm.
7. In the top plate, release the piston and withdraw it to its fullest extent.
8. Fit the top plate to the permeameter and tighten it down in position.
9. Carefully lower the piston and bed the perforated plate onto the filter material. Hold the piston down firmly while tightening the locking collar in this position.
Measurements
10. Determine the mean length of the test sample, L (in cm), to 1mm, by measuring at three different locations around the perimeter.
11. [bookmark: _Hlk69202983]Leftover soil is to be dried and weighed to 1g so that the dry mass of the test sample can be obtained by difference. 

Saturation
12. The control valve should then be connected on the base of the permeameter to the water supply. Open the top connection and let the air bleed to the atmosphere and close the connection to the manometer tubes.
13. Allow water to enter the cell and slowly percolate upwards through the soil sample until it emerges first from the air bleed, which is then closed, and then from the top connection.
14. Measure the length of the sample again (L) and record the average measurement, L (in cm) = ½ (L1 + L2).
15. Then, close the control valve. Connect the water supply to the permeameter top connection and connect the control valve at the base to the discharge reservoir, without entrapping air.
16. Set the inlet reservoir at a level a little above the top of the permeameter cell and open the supply valve. After this, open the manometer pinch cocks one by one and ensure that no air is trapped in the flexible tubing as water moves into the manometer tubes. The water in all tubes will reach the level of the reservoir surface.
17. The permeameter cell is now ready for test under the normal condition of downward flow. 
Downward Water Flow
18. Change the height of the inlet reservoir to a suitable level relating to the hydraulic gradient to be imposed on the sample.
19. Open the control valve at the base to produce flow through the sample under a hydraulic gradient appreciably less than unity (1.0). You must allow the water levels in the manometer tubes to become stable before starting test measurements.
20. Place a measuring cylinder of an appropriate volume under the outlet from the discharge reservoir and at the same time, start the timer.
21. Then, measure the quantity of water collected in the cylinder during a given time interval. Or you could record the time required to fill the cylinder up to a given volume. 
22. Record the water levels in the manometer tubes.
23. Record the temperature of the water in the discharge reservoir.
24. Repeat steps 19 to 23 four more times, or until consistent readings are obtained.








2.3 Results and Analysis
Calculations for the coefficient of permeability
The sample was 0.1m in diameter. The head difference of 0.068m was measured between points 0.2m apart. Determine the coefficient of permeability in m/s to three decimal places for each of the three tests. In our constant head permeameter test, the following results were obtained:
	Constant Head Permeameter Data

	Test No.
	Result
	Classification (Reference fig.2)

	1
	· 

	Clay silts (20%clay)

	2
	· 

	Very fine sands/silts and silty clays

	3
	· 

	Very fine sands/silts and silty clays


[bookmark: _Hlk70366779]


[bookmark: _Hlk70354381]When we apply the equation to solve the coefficient of permeability to the above results, we achieve:
· 

·  

·  



Classification = Clean sands / Gravel mixture
Three tests were undergone all with different Q and t values. After the tests had been completed, we could then calculate the coefficient of permeability in m/s. Shown above is the coefficient of permeability values and it can be shown that they are all very similar. When we averaged these sums, we achieved a mean value of . This value allowed us to classify the soil type which was clean sands/gravel mixture.
2.4 Conclusions
According to Anupoju (c.2009-2021), many factors can affect the permeability of soil. Engineers need to understand these factors before testing commences as they are affecting the permeability property of soils. The factors could be:
· Size of soil particle
· Specific Surface Area of Particle
· Shape of soil particle
· Void ratio
· Soil structure
· Degree of saturation
· Water properties
· Temperature
· Adsorbed water
· Organic Matter
It is also important for us to understand the purpose and value of this analysis method. From a civil engineering perspective, we must always measure the permeability in soils as they can solve important issues related to projects. After calculating the coefficient of permeability, one can solve issues relating to:
· Yield of water-bearing strata.
· Stability of earthen dams.
· Embankments of canal bank.
· Seepage in earthen dams.
· Settlement Issues.
Anon (2020)
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