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1.0 INTRODUCTION
A Constant Head Permeameter experiment was undertaken and this report outlines the apparatus used, the methodology used, the test results and analysis of them. This test is a laboratory experiment which determines the coefficient of permeability of a soil sample, typically in sands and gravels. This is test is based on Darcy’s Law as in 1856; Henry Darcy published his report describing his experiment which resulted in ‘a mathematical equation (I V = K) which states that the rate of fluid flow through a porous medium is proportional to the potential energy gradient within that fluid.’ (https://www.vjtech.co.uk/blog/introduction-to-permeability-testing)























2.0 APPARATUS 
The Constant Head Permeameter was undertaken in accordance with British Standard 1377-2:1990 and the equipment used is as follows:
· Constant head permeability cell
· Wooden stand with pieces
· Manometer tubes
· Constant level tank
· Hoses
· Wire gauze/porous disc
· Funnel
(Reference – Lecture Notes)
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Image 1 & 2– Constant Head Permeameter Apparatus












3.0 METHODOLOGY
The Constant Head Permeameter test is recommended for coarse grained soils and in this test, the soil with length L is placed into a cylindircal container with a cross sectional area A. The soild is subjected to a total dead drop Δh which causes a water flow rate q.
First, three key elements should be measured if they aren’t known; 
1 The internal diameter of the cell at different points and record the mean internal diameter (D mm)
2 The distance betweenn the centre of each manometer connection points along the body of the cell ( L mm) 
3 The internal length of the cell (H 1 mm)
After this, a visual inspection was completed on the cell, gauze/porous discs, glands and joints to ensure there is no material/debris to cause any blockages and restrict the flow. The bottom of the cell was filled with grader filter material to a depth of approximately 50mm and then levelled off. The wire gauze/porous disc was then placed on top. 
Thirdly, a sample was selected for the test and a sieve analysis was carried out in accordance with 9.2.4 of the British Standard 1377-2:1990 and the particles which were larger than 1/12 of the cell diamater were removed. The sample was then placed into the cell for testing in a way to give a consisten deposit for the voids ration/density required and the height of the sample should be twice the height of the cell diameter. The sample was placed by using the hand tamping method and was done in four layers and the height should be approximately half the diameter of the cell and each layer should be levelled off before adding the others.
Next, the upper wire gauze/porous disc was placed on top of the sampe and more graded filter material was added to a depth of 50mm. The piston was relaeased in the top plate and was withdrawed to its maximum extent. The top plate of the permeameter was fitted and fixed into position. The mean height of the sample was then measured in at least three positions around the cell and then the distance between the top and bottom of the wire gauze/porous disc to the nearest 1mm.
Fourthly,the base control valve is connected to the water supply to saturate the soil and the connections to the manometer was closed. The water was filled from the bottom until the water came out of both the aire bleed valve and top connection. Another visual inspection was completed on the perforated plate to ensure it was still in firm contact with the filter material (if not adjust and retightening is needed). The control valve was then closed and the water supply was connected to the top connection on the permeameter whilst the base control valve is connected to the reservior to ensure than no air is trapped. The reservior was repostioned to it was just above the top of the permeameter and the water supply valve was opened which allowed the water to flor through the soil sample again, making sure no air is trapped.
Lastly, a measuring container was placed below the outlet on the discharge cyclinder and a timer was started as soon as the water starts entering the container. The time needed to collect a certain volume of water was recorded on the manometer and these final steps  were repeated as necessary.
4.0 RESULTS AND ANALYSIS
Once the test was repeated three times a set of data was collected to determine the coefficient of permeability in m/s for all three tests. The Coefficient of Permeability was calculated using the following equation: 
[image: ]Where:
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.

The soil sample was 0.1mm in diameter for all tests and the head difference of 0.068m was measured between points 0.2m apart. The data for the three test are as follows:
Test One
The amount of water collected was 920 x 10 ¯⁷ m³ in a time of 2 minutes 45seconds.
The Coefficient of Permeability for this test is:
K = (920 x 10¯⁷) x 0.2 / π x 0.05² x 0.068 x (2.75 x 60)
= 2.086 x 10¯⁴m/s
Test Two
The amount of water collected was 185 x 10¯⁶ m³ in a time of 5 minutes 30seconds.
The Coefficient of Permeability for this test is:
K = (185 x 10¯⁶) x 0.2 / π x 0.05 ² x 0.068 x (5.5 x 60)
= 2.097 x 10¯⁴m/s
Test Three
The amount of water collected was 36.8 x 10¯⁵ m³ in a time of 11 minutes.
The Coefficient of Permeability for this test is:
K = (36.8 x 10¯⁵) x 0.2 / π x 0.05 ² x (11 x 60)
= 2.085 x 10¯⁴m/s


These results were taken and a mean value was calculated at 2.092 x 10¯⁴m/s and associated with Darcy’s table to classify the sample type by this permeability value. The results are as follows:
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Image 3– Darcy’s Law Table


 When comparing the mean value from the three tests to Darcy’s Law Table it is clear that the soil sample is on the border of a gravel-sand mixture and very fine sand.











6.0 CONCLUSION 
To summarise this report, three Constant Head Permeameter tests were undertaken to determine the Coefficient of Permeability. The Coefficient of Permeability (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’. Determining this can help solve various issues relating to:
1 Stability of earthen dams
2 Embankements of canals
3 Settlement issues
4 Yield of water bearing strata
(https://theconstructor.org/geotechnical/soil-permeability-test-constant-head/2993/#:~:text=The%20objective%20of%20constant%20head,Stability%20of%20earthen%20dams)
The mean value was calculated at 2.092 x 10¯⁴m/s and the soil sample was classified on the border of a gravel-sand mixture and very fine sand. Sandy soil is a loose texture which makes it easy to work with and allows water to flow easily.
Even though the test was followed strictly to the methodology and all precautions were taken to ensure the accuracy of the results, there are some factors which could affect the results such as:
1 Air in the sample could considerably reduce the measured permeability because the hydraulic gradient is typically greater in laboratory testing that tests experienced on site and this could drop the pressure which may cause any air which is dissolved in the soil to be deposited in the pores.
2 The permeability over a small area of site may vary considerably meaning the results from a few samples may not give an accurate enough result for an area which is under scrutiny.












REFERENCES
https://www.vjtech.co.uk/blog/introduction-to-permeability-testing
Lecture Notes
http://www.geotechdata.info/geotest/constant-head-permeability-test
https://theconstructor.org/geotechnical/soil-permeability-test-constant-head/2993/
https://theconstructor.org/geotechnical/soil-permeability-test-constant-head/2993/#:~:text=The%20objective%20of%20constant%20head,Stability%20of%20earthen%20dams
































Geo-technics and Foundation Technology
ACBA 5004
Soil Mechanics – Practical
Atterberg Limits Test









THE ATTERBERG LIMITS TEST
CONTENTS PAGE:
1.0 INTRODUCTION…………………………………………………………………………………………………..….12
2.0 APPARATUS
2.1 LIQUID LIMIT TESTING…………………………………………………………………………………….…13
       2.2 PLASTIC LIMIT TESTING……………………………………………………………………………………..13
3.0 METHODOLOGY
       3.1 LIQUID LIMIT METHODOLOGY……………………………………………………………………………14
       3.2 PLASTIC LIMIT METHODOLOGY………………………………………………………………………….15
4.0 RESULTS AND ANALYSIS ………………………………………………………………………………………16,17
5.0 CONCLUSION ……………………………………………………………………………………………………..….18
REFERENCES



















1.0 INTRODUCTION
An Atterberg Limits experiment was undertaken and this report outlines the apparatus used, the methodology, the test results and the analysis of them. This test determines the moisture content ‘at which fine-grained clay and silt soils transition between solid, semi-solid, plastic and liquid states.’ The two which were selected for this experiment were Liquid Limits (LL) and Plastic Limits (PL). Albert Atterberg was the first person who defined the limits of soil consistency for the classification of fine-grained soils in 1911. In the early 1930s, Karl Terzhagi and Arthur Casagrande found the values of soil plasticity for use in geotechnical engineering applications, Casagrande’s methods are still used to determine the liquid, plastic and shrinkage limits of soils. (https://www.globalgilson.com/blog/atterberg-limits-a-quick-reference-guide) 





















2.0 APPARATUS 
2.1 LIQUID LIMIT TESTING
[image: ]The Liquid Limit testing was completed in accordance with ASTM specifications (ASTM D4318 and AASHTO T 89) and British Standards (1377-2:1990 and 17892-12:2018). The Casagrande cup method was used and the equipment used is as follows:
· Liquids Limit Machine – consists of a brass cup, cam mechanism, carriage and a mounted crank on a hard rubber base
· No. 40 Sieve 
· Spatula
· Standard Casagrande Grooving Tool
· Soil Sample
· Moisture Cans
· Mixing Bowl
· OvenImage 4 – LL Apparatus


(https://basiccivilengineering.com/2015/07/atterberg-limit-test-soil-mechanics.html)
2.2 PLASTIC LIMIT TESTING
[image: ]The Plastic Limit testing was completed in accordance with ASTM specifications (ASTM D4318 and AASHTO T 90) and British Standards (1377-2:1990 and 17892-12:2018). The apparatus used is as follows:
· Glass Plate – used to roll out threads of soil
· Porcelain Dish
· Spatula
· Glass Graduated Cylinder
· Sample Cups
· Oven
· No. 40 Sieve
(https://www.humboldtmfg.com/plastic-limit-set.html)Image 5 – PL Apparatus







3.0 METHODOLOGY
3.1 LIQUID LIMIT METHODOLOGY
The Liquid Limit definition is the water content at which a soil changed from a plastic consistency to a liquid conistency. The moisture content defines where the soil changes from a plastic to a viscous fluid state.
Firstly, four containers where chosen, marked, weighed and then recorded into a table. The soil sample was sieved through a 40 micron sieve to ensure any particles larger than this was removed The soil sample (250g) was then placed into a metal mixing bowl with 2ml of water and was thouroughly mixed using a spatula. To attain the correct clay consitstency was reached, the mixture was stirred, kneaded and chopped using a spatula. 30-35 drops of the Casagrande apparatus was required to ensure a groove gap closure of 12mm was reached. 
After this, a piece of the sample was placed into the cup and was spread and squeezed as flat as possible using the spatula and the sample was to an approximate depth 10mm. Care was taken to esnure no air bubbles were trapped were trapped in the sample. Once the required depth was reached, the remaining mixture was returned to the bowl.
Thirdly, the soil in the cup was divided equally by using firm strokes of the grooving tool through the centerline of the cam to ensure a clean and sharp groove was created so accruate dimensions were taken and to ensure no tears were created.  The drop counter on the cup apparatus was zeroed and the cup was lifted and dropped by turning the crank with the a rate of 2 revolutions per second. Image 6 – Groove Required
Image 7– Distance Required


[image: ][image: ]

This was done until two halves of the sample came
 together at the bottom of the groove made with the groovng tool over a distance of 12mm. The number of blows required to close the groove of this distance was recorded.


Fourthly, a sample of the soil was then taken to determine its moisture content. A slice of the sample was removed (the approximate width of the spatula) extending from edge to edge at right angles to the groove. The sample was then placed in the marked container and both the wet soil and container were weighed together. This was then repeated for the four samples with the moisture content gradually increasing so the number of blows required to close the gap was reduced (typically the number of blows required should range between 15 and 35).

Lastly, the four samples are placed into an oven for 24 hours and are allowed to cool. The dry sample is now weighed along with the sample and container together to ensure the moisture content can be determined.
(https://www.dot.ny.gov/divisions/engineering/technical-services/technical-services-repository/GTM-7b.pdf)
(Lecture Notes)
3.2 PLASTIC LIMIT METHODOLOGY
The Plastic Limit definition is defined as the minimum water content which a soil will crumble when it is rolled into a thread of approximately 3mm in diameter. The mositure content defines where the soil changes from a semi-solid to a plastic/flexible state.
[image: ]Firstly, similarly to the Liquid Limit methodology, three containers were chosen, marked, weighed and recorded into a table. The soil sample was sieved through a 40 micron sieve to ensure any particles larger than this was removed. A small ball of clay was moulded until slight cracks appeared, the sample was then divided into 3 equal parts weighing around 10g each. The sample was then thoroughly rolled between the fingers/palm of hand and the glass plate on a smooth surface with sufficient pressure to ensure the thread has a uniform diameter of around 3mm throughout.
[image: ]




Image 9 – Crumbling Stage
Image 8 – Thread Required


This process was repeated under a maintaind uniform rolling pressure until the thread started to crumble, this is defined as shearing both longitudinally and transversally as it is rolled. The crumbling must occur due to the reduction  of mositure and not by mechanical breakdown caused by pressure from the hand. The crumbling point is the Plastic Limit moisture content and after this was achieved, the crumbled parts where placed into the chosen container and weighed together. The result was recorded in a table.
After this, the test was repeated for all three samples and all results were recorded in a table. The soil samples and containers were then placed into the oven for drying (24 hours). Once complete, the moisture content was calculated by weighing the container and now dry soil together. Lastly, the average moisture content was determined by adding the three moisture contents (%) and divided by 3.
(https://www.dot.ny.gov/divisions/engineering/technical-services/technical-services-repository/GTM-7b.pdf)
(Lecture Notes)





4.0 RESULTS AND ANALYSIS
	 
	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

	[bookmark: _GoBack]Weight of Wet Soil + Cont (g)
	9.43
	13.35
	13.39
	12.89
	8.01
	9.4
	8.18

	Weight of Dry Soil + Cont (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
	-
	-
	-


Once the test was completed, a set of results were recorded and various data was calculated such as; Liquid Limit, Plastic Limit, Plasticitiy Index and the Soil Classification.
Table 1 – Liquid Limit & Plastic Limit Data

The moisture content was calculated using the following equation: 
Moisture Content = (Weight of Container / Weight of Dry Soil) x 100
A graph was created and can be seen in Graph 1 using the results from Table 1 with the X Axis data being the total number of blows against the moisture content for the Y Axis to determine the Liquid Limit. The Liquid Limit of the sample was determined at 44.50%.










Graph 1 – Liquid Limit Analysis


The Plastic Limit was determined from calculating the average of the three moisture contents:
(30.68 + 30.45 +30.62) / 3 = 30.58%
The Plasticity Index was determind from the following equation:
Plasticity Index = Liquid Limit – Plastic Limit
44.50 – 30.58 = 13.92%
This result was then compared to the Plasticity Chart for the classification of Fine Soils and Finer Part of Coarse Soils in accordance with BS 5930:19999.
[image: ]








Graph 2 – Plasticity Chart

The degree of plasticity is plotted on this Casgrande chart and the chart separates the fine grain soils into two basic groups by the means of an empiricial line (labelled as the A – Line). The soils are further divided into zones of plasticity according to their liquid limit values.
(https://www.nzgs.org/library/nzgs20_hind/)
After comparing the Liquid Limit and Plasticity Index on the graph above, it is determined that the soil lays in the intermediate silt section. This means that this particular soil sample predomonates in higher grain sizes, even though we took it below the 40 micron mark. The predomance of grain sizes here are between 2 Microns and 40 Microns.





5.0 CONCLUSION 
To summarise this report, 4 Liquid Limit tests were undetaken along with 3 Plastic Limit tests. Liquid Limit tests are undertaken to classify fine grained soil and to provide information regarding the state of consistency of the soil. This information can then be used to predict any consolidation properties of the soil and allowing calculations to be made to determine the bearing capacity and settlement of foundations.(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.)
Plastic Limit tests are undertaken to differentiate and classify soilds into groups, the boundary of soil between the plastic and soilid state means the limit at which the soil starts to behave as a plastic. The Plastitcity Index is calculated using both of these test results and can be used to determine how sensitve the soil is to the changes in moisture content. (https://basiccivilengineering.com/2017/05/plastic-limit-test-procedures-sample-calculations.html#:~:text=Plastic%20limit%20test%20is%20one,or%20classify%20soils%20into%20groups.&text=The%20boundary%20of%20soil%20between,to%20behave%20as%20a%20plastic.)
The Liquid Limit was calculated at 44.50% and the Plastic Limit was calculated at 13.92% concluding the soil to be an intermediate silt. Even though the test was followed strictly to the methodology and all precautions were taken to ensure the accuracy of the results, there are some factors which could affect the results such as:
1. The standardisation of 2 turns per second is diffcult to maintain 
2. Humidity in the room could have been adding to the mositre content 
3. Whilst the samples were drying, moisture could have been absorbed
4. Visual inspection error to match the diameter to the point of breaking 
These Atterberg limits are used for the classifcations of cohesive soils in relation with compaction and tillage practices. They can also provide various other information which allows for interpreting several mechanical and physical soil properties such as: shear stength, swelling potentials, shrinkage etc. Despite this, not much is known about the effects of land use and slope postions on Attergergs Limits and this study ‘Soil atterberg limits and consistency indices as influenced by land use and slop postion in Western Iran’ was conducted to investigate these properties in a hilly region on Western Iran.
(https://www.researchgate.net/publication/284232822_Soil_atterberg_limits_and_consistency_indices_as_influenced_by_land_use_and_slope_position_in_Western_Iran)
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