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1.0 – Introduction
[bookmark: _GoBack]As instructed by the lecturer, as a class we have conducted the Atterberg limits test and the Constant Head parameter test. For the assignment, following the completion of the tests, it is required to produce a scientific report detailing the results and an analysation of those results, in order to reach a conclusion. The Atterberg limits test, tests for Liquid Limit and Plastic Limit. The liquid limit is the water content at which the soil changes from a liquid state to a plastic state. The test to determine the change point is the Casagrande cup method or cone penetrometer. (geoengineer, n.d.). The plastic limit is the water content at which the soil changes from a plastic state to a semisolid state. The plastic limit test is performed by rolling a soil sample by hand. (geoengineer, n.d.)


























2.0 [image: Atterberg Limits in Graphical View]– Atterberg Limits Test[bookmark: _Toc34918088][bookmark: _Toc35359438][bookmark: _Toc35711316][bookmark: _Toc35933216]Figure 1 - Atterberg Limits (Jamal, 2017)

Atterberg limits is a basic measure of the critical water content of fine-grained soils. The tests include shrinkage limit, plastic limit and liquid limit. The Atterberg limits therefore tests the water content of a soil it may appear in four states,
· Solid
· Semi-solid
· Plastic
· Liquid
Atterberg originally defined the three limits but Casagrande further defined them. Casagrande’s definition are;
· Liquid Limit – “The water content at which the soil has such a small shear strength that it flows to close a groove of standard width when jarred in a specified manner.” (Jamal, 2017).
· Plastic Limit – “The water content at which the soil begins to crumble when rolled into threads of specified size” (Jamal, 2017).
· “Plasticity Index is the range of water content over which a soil behaves plastically. It indicates the degree of plasticity of the soil.” (Jamal, 2017).

Methodology
[image: Casagrande’s Liquid Limit Apparatus]Liquid Limit Test Apparatus 
1. Casagrande liquid Limit device.[bookmark: _Toc35359439][bookmark: _Toc35711317][bookmark: _Toc35933217]Figure 2 Casagrande’s Liquid Limit Apparatus (The constructor, n.d.)

2. Grooving tool (standard and ASTM types)
3. Oven 
4. Spatula
5. Weighing balance accuracy of 0.01g.
(The constructor, n.d.)




Liquid Limit Test Procedure
1. The first step was to mark and weigh four containers.
2. Then the container needed to be weighed and the weight recorded.
3. A soil sample of approximately 250g was placed in a mixing bowl and mixed thoroughly with around 1-2ml of water by chopping, stirring and kneading using a spatula. The soil was then thoroughly mixed l to produce a clay texture that required between 30-35 drops of the Casagrande cup apparatus to cause the groove to close at 12mm.
4. NOTE: The consistency required was achieved by trial and error.
5. After the correct consistency was achieved, the mixture was cut and placed into the cup bowl, the clay was spread down with a spatula and flattened across the base at approx. 10mm. Air bubbles were avoided in the sample.
6. The excess soil was put back in the mixing bowl.
7. The gauging groove tool was used to cut a groove through the sample from back to front and right through to the base of a cup (in three gentle swipes to avoid side tear).
8. The drop counter was zeroed on the cup apparatus.
9. The crank was turned to lift and drop the cup at a rate of 2 revolutions per second until the gap created with the gauge tool, between the two halves of the sample, closed over 12mm.
10. The number of drops required to close the gap to 12mm was recorded.
11. The spatula was used to take a sample of soil, the same width as the spatula from edge to edge, to cut through the groove.
12. The sample taken was placed in the marked container and the weight of the wet soil and container was weighed together.
13. The process was repeated with four samples and the moisture content increased gradually to reduce the number of blows required to close the gap. (The target was to have samples that required above and below 25 drops to close the gap) (The number of drops took between 15 and 35).
14. The four samples were dried in the oven, then the dry sample plus the weight of the container was weighed to determine the moisture content.
Plastic Limit Procedure
1. Three containers were marked and weighed.
2. The weight of the containers was recorder.
3. The clay sample was kneaded thoroughly. (water and/or dry clay was mixed with the sample to achieve the required moisture content).
4. A small ball of clay was rolled between the fingers then rolled between the palms of the hands so that the warmth of the hand slowly dried the ball of clay. 
5. When surface cracks started to appear, the ball was broken into three equal parts of approx. 10g each and kept them separate.
6. Using the glass rod provided to measure, the balls were rolled into an approximate 6mm diameter thread on the glass plate. The thread had to be intact and homogenous.
7. The palm of the hand was used to apply a steady roll pressure, to reduce the thread to a diameter of 3mm.
8. The process was repeated until the thread started to ‘crumble’ at a diameter of 3mm. It was critical to maintain equal rolling pressure. ‘Crumbling’ is defined as shearing both longitudinally and transversely as it is rolled.
9. Crumbling needed to happen due to the reduction of moisture as a result of rolling directly and not because of undue pressure from the hand.
10. The point at which the thread crumbled was the plastic limit moisture content.
11. When the crumbling stage was reached, the crumbs were collected, put in the container and the weight of the wet sample plus the container was weighed.
12. The above procedure was repeated for three soil samples.
13. After the process was completed three times, the three samples were put in the oven to dry.
14. When dry, the weight dry soil plus container was weighed to calculate the moisture content. The average of the three results was calculated to reach a moisture content mean.
15. The moisture content mean is the plastic limit moisture content indicator.


Results and analysis
[image: ][bookmark: _Toc35933218]Figure 4 - Liquid and Plastic Limit Determination

Liquid Limit Theory
The results of the test are inserted into the table (Figure 4). In order to complete the table calculations will need to be made to complete the table. In order to complete the moisture content, the formula is,
Moisture Content (%) = Weight of water/Weight of oven dried soil x 100 (GTM-7, 2015)
[image: Atterberg's Limits]Liquid limit is the average Moisture content % over the 4 test results. The purpose of the testis to determine the liquid limit of the specimen which is the water content at which the soil changes from a liquid state to a plastic state. 
Results
From the above table of the results obtained by the tests undertaken the Liquid limit average after 4 specimens, the average result was 40.5%.  [bookmark: _Toc35933219]Figure 3 - Atterberg Limits (Jamal, 2017)

Plastic Limit Theory
The plasticity of soil is defined as the property of cohesive soil which possess the ability to change shape without a change of volume or a rupture. (Jamal, 2017).  The purpose of the Atterberg limits is to test this by rolling a specimen in your hand until it cracks or breaks.
Plastic Limit % - Weight of Water/Weight of oven-dry soil x 100. (GTM-7, 2015)
Plasticity Index Theory
Plasticity index is the difference between the Liquid Limit and Plastic Limit. The larger the difference, the greater is the plasticity of the soil. Soils with a high Plastic Index are predominantly clay and those with a lower Plastic Index tend to be mostly silt. 
Plastic Index = Liquid Limit – Plastic Limit (GTM-7, 2015).


Results
After completing the plastic limit test three times, the results of the test were a moisture content of the specimen 29%, 29% and 23%, which averages to 27% (Refer to figure 3). According to the below graph (Figure 5), the specimen of soil falls into the category of Silt with an intermediate upper plasticity range. And, according to Plasticity index the soil specimen falls into the medium plastic range. (George F. Sowers, 1979). 
+

[image: ]Test Results

[bookmark: _Toc35933220]Figure 5 - Plasticity for the classification of fine soils and finer part of coarse soils.











3.0 – Constant Head Parameter Test
The constant head parameter test is a laboratory experiment that determines the permeability of soil. Sands and Graves are suitable for this test, the test can be employed to test reconstituted or disturbed granular soils. (The Constructor, n.d.)
The objective of the test is to determine the coefficient permeability of a soil. “The coefficient of permeability (k) is defined as the rate of flow under laminar flow conditions through a porous medium area of unit cross section under unit hydraulic gradient.” (The Constructor, n.d.)
3.1 – Methodology
[image: Constant Head Permeability Test]Apparatus for the test[bookmark: _Toc35711318][bookmark: _Toc35933221]Figure 6 - Constant Head Permeability Test (The Constructor, n.d.)

· Permeameter mould, internal dia. 100mm, effective height 127.3mm, capacity 1000ml
· Detachable collar 100m dia., 60mm height.
· Dummy plate, 108mm diameter, 12mm thick.
· Drainage base with a porous disc.
· Drainage tap with a porous disc and a spring attached.
· Compaction equipment as specified in IS2720 (Prat VII)-1965.
· Vacuum pump.
· Constant Head water supply reservoir.
· Large Funnel.
· Stopwatch.
· Thermometer.
· Large Funnel.
· Filter Paper.
· Weighing Balance accuracy 0.1g.


Test Procedure
1. Approx. 1kg of coarse-grained soil was obtained in a container.
2. The weight of the soil plus the container was weighed.
3. A screen was placed at the bottom of the cylinder to prevent the soil being carried out.
4. The cylinder was then filled with the soil sample, in 3 layers and compacted with a hammer until the top of the soil was level with a small space from the top to allow for the screen and end cap.
5. The screen and separator were then placed on top of the soil sample.
6. Then the cap was placed at the top of the cylinder and tightened with 3 screws.
7. Then the weight of the remaining soil plus the container was weighed.
8. The intake line from the reservoir was connected to the bar at the top of the cylinder.
9. Then the tubes for the manometers at the two outlets at the sides of the cylinder were connected. These are for measuring pore water pressure at specific places. 
10. Before filling the reservoir, the valve on the intake of the test cylinder was closed.
11. Then, the tap was turned on to allow the reservoir to fill.
12. When the water in the reservoir reached a certain level, the water began to discharge in the sink, that was when the pressure was constant, and the test began.
13. The valve was then opened to allow water into the sample. 
14. Before the flow rate was measured, the water was left to flow through the sample to remove trapped air. The water was left to run for a few minutes 
15. The pore water pressure was being recorded by the two manometers, and then water flow rate started to be measured.
16. A beaker was obtained, and its mass weighed.
17. A stopwatch was used to record the time. The stopwatch began as soon as the discharge from the cylinder began to fill the beaker. 
18.  The aim was to collect a certain a amount of water.
19. When that amount of water was collected the beaker was weighed and the time it took was recorded.
20. This was repeated another two times and different amounts of water collected.
21. Before completing the test, the head applied was calculated when a measurement of total head at each manometer was obtained.
22. A difference of height between the outlets and the two manometers were obtained
(Carleton University - CIVE 3208 Lab 4: Hydraulic Conductivity, 2011)






















Results and analysis
Theory
The above test is a laboratory experiment conducted to determine permeability of soil. The objective of the test is also to determine the coefficient of permeability of soil. Coefficient of permeability solves issues such as settlement issues, stability of earthen dams, embankment canal banks, seepage in earthen dams and yield of water bearing strata. (The Constructor, n.d.). This test is best for cohesionless soils which are defined as any free-running soils whose strength depends on friction between particles such as sands or gravels. (Kassim, 2016)
The coefficient of permeability, k, is defined as the rate of flow of water under constant flow conditions through a porous medium area of unit cross section under a hydraulic gradient. K is influenced by pore size, viscosity of pore fluid and soil structure i.e grain size and cohesion. The coefficient of permeability is determined by the equation, (The Constructor, n.d.)
K = Q x L
A x h x t

K = Coefficient of Permeability in cm²
Q = Flow over time ‘t’ in m³/s in cm³/seconds
L = Length of the flow line in cm
A = Area of Flow
h = Hydraulic head difference cm
t = Time in seconds

(Lecture notes from 09/03/20)

Results
During the constant head parameter test, 3 specimens were used. The results of the test are as follows,
The sample was 0.1m diameter
A head difference of 0.68m was measured between points 0.2m apart. 

1. Water collected was 920 x 10̄¯⁷ m³ in 2 minutes 45 seconds 

K=  (920 x 10¯⁷) x 0.2
    ( x 0.08) x 0.68 x 165
K = 2.088 x 10¯⁴ m/s
2. Water collected was 185 x 10¯⁶ m³ in 5 minutes 30 seconds 

K =  (185 x 10¯⁶) x 0.2
      (0.005²) x 0.68 x 330
K = 2.099 x 10⁴
3. Water collected was 36.8 x 10̄¯⁵ m³ in 11 minutes 

K = (36.8 x 10¯⁵) x 0.2
     (0.05) x 0.68 x 330
K = 2.088 x 10¯⁴
The sample was 0.1 in diameter. The head difference of 0.68m was measured between 0.2m apart.
(Lecture notes from 9th March 2020)
The average of the three test results is 2.092 x 10¯⁴. According to Darcy’s law and coefficient of permeability this result falls under the category of gravel-sand mixture. 































4.0 – Conclusion
The above tests were carried out in order to classify soils. The tests were carried out to be as accurate as possible. Therefore, all apparatus used was in good working order for example, the scales were working and accurate to 0.01g, all apparatus were set up correctly and all measurements were taken correctly. 
The first test of the Atterberg limits test was the Casagrande cup method to determine the Liquid Limit. The purpose/theory of this test is to determine the moisture content of a soil specimen in order to be able to classify said specimen and to determine the properties of the soil. From The results of the cup test it is possible to conclude the theory has been proven by the practice.
The second Atterberg limit test was the Plastic Limit test where a soil sample is rolled in the hand until it cracks or tears. The purpose/theory of this test is to determine the water content at which the soil changes from the plastic state to a semisolid state. By deriving the results from the Liquid limit test and a plastic limit test it is possible to achieve a Plasticity Index. Plasticity index indicates the degree of plasticity of the soil and the range of water content where a soil behaves plasticly. After completing both Atterberg limits test and analysing the results for Plasticity Index it is possible to conclude that the practice proves the theory and it is possible to classify the soil and establish the properties of the sample.
The final test, the Constant Head Parameter test where a constant head of water is maintained across a sample. Once a constant flow of water has been reached, the flow rate is measured. Then, the coefficient of permeability (the rate of flow of water under laminar flow conditions) is calculated. The purpose of the test is to determine the permeability of soils such as sand and gravels. Following the completion of the test and an analysis of the results it is possible to conclude that the practice proves the theory.
All the above test procedures were undertaken in compliance with the British Standard 1377 (British Standars Institution, 1990).
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