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[bookmark: _Toc101782256]Introduction
Withing this assignment I will be going through three different experiments carried out on campus. The experiments were:
· The Atterberg limits test
· Sieve analysis
· Constant head permeameter test
Within this report I will be giving an introduction into each test carried out, the methodology, go through the results and analysing them as well. In addition to this I will include a conclusion on each test going through my findings and any issues and/ anomalies that came up. 

[bookmark: _Toc101782257]The Atterberg Limits Test
In simplest forms the Atterberg limits test is defined as: 
‘The Atterberg limits test is a classification test used to determine the moisture content at which fine-grained clay and silt soils transition between the different phases.’  - (What is the Atterberg Limits Test? - Definition from Trenchlesspedia, 2022)
Within the test there are two different limits in which you test, these would be the liquid limit and then the plastic limit.  I will now move onto the methodology of each part of the test.

Liquid Limit Procedure:
Firstly, a table would need to be generated in order to log all the details and the data collected during the tests. This table should include:
· Weight of container
· Weight of wet soil plus the container
· Weight of dry soil plus the container
· Weight of moisture
· Weight of dry soil
· Moisture content 
· Number of blows
On completion of creating the table, setting up scales and weighing 4 empty sample containers individually and logging their weight down in the tables remembering to labelling them with individual references. A soil sample of 220-270 grams is placed in to a mixing bowl, with small amounts of water is added to it and is mixed to a clay consistency which will have around 30-35 bangs on the ‘Casagrande’ apparatus. You should have a grove gap of around 12mm. This stage of adding water to get the required texture is a trial-and-error process as it takes time to get the consistency just right.
On reaching the desired consistency of the sample, spread some of the sample onto the cup bowl spreading it out with the spatula. Ensuring that the sample is spread evenly and smoothly in the cup bowl with a thickness of 10mm. Excess material can be put back in with the rest of it in the mixing bowl. 
Using the gauging groove tool score a cut through the middle of the sample in the cup bowl, making sure to do it on a number of passes to avoid ripping the sample in the cup. Set the counter to zero and then begin turning the wheel at a speed of two drops per second. Continue to do this until the two halves of the sample come together, note down in the table the number of turns it took for the gap to close. Remove the sample from the cup bowl and into one of the marked containers and then place on the scale to weigh it, also noting this down in the table. 
Continue to repeat this process for the other three remaining empty containers, slowly increasing the water content in the main sample. By adding more water each time, you should be then needing lesser turns on the apparatus to close the gap of the sample in the cup bowl. Ideally you should have a range of 35 to 15 drops. 
Dry all the sample in an over for 24 hours and then weigh each container with the dry soil in it and log into the table. Then with this information you’ll be able to determine the moisture content.

Plastic Limit Procedure:
Firstly, a table would need to be generated in order to log all the details and the data collected during the tests. This table should include:
· Weight of container
· Weight of wet soil plus the container
· Weight of dry soil plus the container
· Weight of moisture
· Weight of dry soil
· Moisture content 
On completion of creating the table, setting up scales and weighing 3 empty sample containers individually and logging their weight down in the tables remembering to labelling them with individual references.
Using the same sample in the mixing bowl from the liquid limit test, add more dried sample or water depending on consistency of the sample. The sample needs to be mixed thoroughly if either dried mix or water is added to ensure the sample is true. 
Pick a piece of the sample out of the bowl and roll into a cylinder shape between the hand and then place on the pane of glass and begin to roll it out. As the sample begins to crack cut into 3 equal pieces then continue to roll under the palm until the sample crumbles. At this point when the sample begins to crumble you have reached the ‘Plastic Limit’ of the sample. However, it is important that the sample crumbles due to the reduction in water content and not the weight applied by the hand. 
Once the sample has crumbles, and the plastic limit has been reached gather up the pieces of the sample and place into the marked weighed containers. Then continue to weigh the container with the wet sample in. repeat this process for the two samples. 
Dry the samples in an oven for 24 hours and then weigh the samples. 












Results:
Group A-
	
	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 & cont
	17.64
	15.46
	12.43
	12.51
	7.61
	9.18
	7.47

	Weight of dry soil & cont
	15.01
	13.23
	10.82
	10.09
	7.10
	8.35
	6.98

	Weight of Container
	4.68
	4.74
	4.71
	4.61
	4.70
	4.70
	4.74

	Weight of moisture
	2.63
	2.23
	1.61
	2.49
	0.51
	0.83
	0.49

	Weight of dry soil
	10.33
	8.49
	2.49
	5.48
	2.4
	3.65
	2.24

	Moisture content
	25.46
	26.26
	26.35
	45.43
	21.25
	22.74
	21.87

	Number of blows
	34
	30
	24
	21
	
	
	



Liquid limit = 26.9%
Plastic Limit = 21.95%
Plasticity Index = 4.96



















Group B -
	
	1
	2
	3
	4
	5
	6
	7

	Type of test
	LL
	LL
	LL
	LL
	PL
	PL
	PL

	Container Number
	LL5
	LL6
	LL7
	LL8
	PL4
	PL5
	PL6

	Weight of wet soil & cont
	12.89
	16.88
	13.75
	18.18
	8.77
	9.33
	8.85

	Weight of dry soil & cont
	11.17
	14.23
	11.74
	15.04
	7.97
	8.47
	8.04

	Weight of Container
	4.71
	4.70
	4.73
	4.72
	4.71
	4.73
	4.68

	Weight of moisture
	1.72
	2.65
	2.01
	3.14
	0.80
	0.86
	0.81

	Weight of dry soil
	6.46
	9.53
	7.01
	10.32
	3.36
	3.74
	3.36

	Moisture content
	26.62
	27.81
	28.53
	30.43
	24.54
	22.00
	24.11

	Number of blows
	46
	35
	30
	23
	
	
	



Liquid limit = 29.5%
Plastic Limit = 23.88%
Plasticity Index = 5.62

Looking through the results of Group A, with the table and graph in mind, there seems to be an anomaly with LL4. When looking at the graphs, if you draw a line of best fit through the results LL4 seems to be way off the trend from the others. Therefore, in my opinion this result should be discounted out of the calculations for the liquid limit. The soil sample from Group A seems to be below the ‘A Line’. Being below the ‘A Line’ this means that Group A sample was a sand with clay.
Going through the results of Group B luckily in this sample there seems to be no anomalies with the results giving us a good line of best fit on the graph. The combination of the plasticity index and the liquid limit drops this sample above the ‘A Line’. Therefore, dropping this sample in the sands with excess fines. 










[bookmark: _Toc101782258]Constant Head Permeameter Test
‘The constant head permeability test is a common laboratory testing method used to determine the permeability of granular soils like sands and gravels containing little or no silt. This testing method is made for testing reconstituted or disturbed granular soil samples.’											(User, 2022)

The Procedure:

Firstly, set up the apparatus as shown in the diagram below:

[image: ]







Once the apparatus is set up, a table needs to be drawn which needs to include the volume of water which was collected in the test and the time taken for said water to be collected. Furthermore, a couple of other measurements need to be collected prior to commencing the test. These measurements would be:

· The height difference between pressure point 1 and pressure point 2
· The length of the flow line
· The cross-sectional area of the permeameter cylinder
These measurements need to be noted but not included in the table.

Once all of these measurements have been taken the test can be carried out. Ensure enough time for pressure to build in the manometer tubes prior to the test being carried out. Once sufficient pressure has been reached you may begin. 

Take a measuring cylinder and a stop watch, place your thumb over the end of the tube which comes out of the permeameter tube and hold over the measuring cylinder but don’t release any water. Simultaneously, release the water into the measuring cylinder and start the stop watch. 

You should have three tests at around 15 – 20 second time intervals between each test. So, one test at 15 seconds, one at 30 seconds, and then lastly one at 45 seconds.

Once each time phase has passed, again simultaneously stop the stop-watch and remove the tube out of the measuring cylinder. Note down the volume of water collected and the precise time in which the stop-watch was stopped.  Repeat this process for the remaining time phases.

In addition, once all the time phases have been carried out, remove the permeameter cylinder with one type of soil sample and then replace with another sample and repeat the whole process.

















Results of the tests: -

Test 1:
	Volume of Water Collected (Ml)
	157
(0.000157m3)
	318
(0.000318m3)
	440
(0.000440m3)

	Time
(Seconds)
	20.09
	40.09
	59.9



Height difference pressure point 1&2 = 59.2cm (0.592m)
Length of the flow line = 0.066m
Cross-sectional area = 3.14 x 0.0392 = 0.00478m2
	
	
	

	k=
	Q x L

	
	A x h x t




1)
	K=
	0.000157 x 0.066

	
	0.00478 x 0.592 x 20.09



K = 0.0001822 m/s (1.822 x10-4)

2)
	K=
	0.000318 x 0.066

	
	0.00478 x 0.592 x 40.09



K = 0.000185 m/s (1.85 x10-4)

3)
	K=
	0.000440x 0.066

	
	0.00478 x 0.592 x 50.9




K = 0.0001797 m/s (1.713 x10-4)


The average:

K = 0.0001795 m/s (1.795 x10-4)







Test 2:
	Volume of Water Collected (Ml)
	380
(0.000380m3)
	725
(0.000725 m3)
	1830
(0.001830 m3)

	Time
(Seconds)
	15.05
	30
	45.14



Height difference pressure point 1&2 = 0.001m (However it was 0.014m on the third time)
Length of the flow line = 0.072m
Cross-sectional area = 3.14 x 0.0392 = 0.00478m2


	k=
	Q x L

	
	A x h x t




1)
	K=
	0.000380 x 0.072

	
	0.00478 x 0.001 x 15.05



K = 0.380 m/s

2)
	K=
	0.000318 x 0.072

	
	0.00478 x 0.001 x 30



K = 0.364 m/s

3.1)
	K=
	0.001830 x 0.072

	
	0.00478 x 0.001 x 45.21




K = 0.609 m/s

3.2)
	K=
	0.001225 x 0.072

	
	0.00478 x 0.014 x 45.14




K = 0.029 m/s


The Average:

Average = 0.372 m/s

The Conclusion: - 

Going through the results of test one everything seems to be working out in order, all of the results seem to be in the same sort of margins as each other making the average result fine.

However, the same cannot be said for test two’s results. The first two results at 15 seconds and 30 seconds seem to be in order but test three at 45 seconds we ran into issues with our results. All of the calculations seem to be in order but we seemed to have a result of double the figure of the first two results. This third result was then discounted and the test was re-done. However, after the third test being carried out but again the result was way under now from what the second test was. In test two the result was k=0.364m/s, then in the first round of test three we had a result of k=0.609m/s and then the result of second round of test three was k=0.029m/s. These last two results were discounted from the overall average calculation, just using the first to for the average. 

I believe that the reason for these anomalies in the results would be because we kept getting a drop of pressure in the manometer tubes. The pressure reading in the manometer tubes when the test was being carried out was below the 0 on the scale for measuring. I believe this is because in the second tests we used a different permeameter cylinder that what we used in the first soil sample test. 

[bookmark: _Toc101782259]Sieve Analysis Test
‘A sieve analysis is an analytical technique used to determine the particle size distribution of a granular material with macroscopic granular sizes. The sieve analysis technique involves several layers of sieves with different grades of sieve opening sizes.’ - (What is a Sieve Analysis? - Definition from Corrosionpedia, 2022)
The procedure:
Firstly, prior to undertaking any part of the test you should great a table in which your results can be then populated. However, in addition to the raw date which will be collected in the table you will also need some other information. 
This table should contain the following:
· Sieve size (mm)
· Mass (g)
· Percentage passing on sieve 
· Percentage passing 
On completion of this table, you may then begin the experiment. The first measurement needed would be the weight of the scale pan, this needs to be noted down. A sample of soil around the 2kg mark needs to be split into 4 equal parts. Weigh the quarter of the sample in which you have chosen accurately to two decimal places. 
Then set up the various sieves on the vibration stack accordingly, with the largest sieve on top. Empty the sample contents from the pan into the sieve sets and then install the lid of the pan stack then securing it to the vibration machine. This machine will need to run for 2 minutes to get the results required.

After the two minutes of running time, the vibration machine can be stopped and the lid removed from the stack. Following on from this the individual sieves need to be taken off the stack carefully. If any particles are on both sieves, use a bristle brush to remove these particles ensuring that it goes into the lower sieve and also making sure that no material is lost in this process. 
Set up a tray with on a work bench and cover it with a plastic sheeting. Begin to transfer the sample out of the sieve onto the sheeting. Ensuring that no material is left in the sieve, use a wire bristle brush to ensure that every particle is removed from the edges or any that make be stuck within the mesh itself. Lift the plastic sheeting and make a funnel shape and pour the sample into the pan on the scales. Weigh the sample and record the date in the table. 
Continue this same process working through all the sieve sizes down to the last, weight each of them and recording in the table. Using the weights that have been collected percentages. A calculation of percentage retained of the sieve and then comparatively the percentage that has passed through the sieve onto below. Calculate both these percentages for each sieve and record within the table. 
Once all the information has been collated and calculated within the table, looking at the sieve sizes a calculation can be carried out to work out the percentage of sand, silt and clay within the sample. Once these percentages have been calculated you can then plot a point on the ‘Triangular graph of soil texture’ to then determine what type of material the sample is. In addition to this, by also plotting the particle size against the percentage passing on the ‘Particle Size Distribution Chart’ you can also determine what material the sample is.

Particle Size Distribution Test Table: -
	Sieve Size (mm)
	Mass (grams)
	Percentage on Sieve
	Percentage Passing

	2.36
	2.78
	0.37
	99.63

	2.00
	1.36
	0.18
	99.45

	1.60
	8.53
	1.14
	98.31

	1.00
	42.45
	5.69
	92.62

	0.60
	67.57
	9.06
	83.56

	0.30
	348.93
	46.77
	37.79

	0.160
	151.85
	20.35
	16.44

	0.080
	82.14
	11.01
	5.43

	0.063
	3.04
	0.41
	5.02

	0.053
	14.15
	1.89
	3.13

	0.038
	19.92
	2.67
	0.46



Sample Size = 1111.95(grams)		Pan Weight = 365.97(grams)

Percentage of sand, silt and clay:
Sand = 94.65%		Silt = 1.89%		Clay = 2.67%

In the case of our sample after plotting on both the ‘Triangular graph of soil texture’ and the ‘Particle Size Distribution Chart’ I can see that our particular same is that of a mainly coarse sand.
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Atterberg Limits Test Graphs:
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Sieve Analysis Graphs:
[image: ]
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