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1. Introduction

This report is based on a test of a soil specimen using a particle size distribution test for granular soils to a British Standard (BS) quality, and the Atterberg Limits test for Plastic and Liquid limits in cohesive soils. 

Fine grained soils contain varies amounts of minerals, and the interactions of these clays with water affect how the properties of soil react with its capability to hold water. Water is absorbed onto external surfaces of non-swelling clay minerals, while water absorbs internally and externally in swelling clays. Excluding the absorbed water, soils contain interparticle and interaggregate pore water and voids. It is assumed that the amount of pore water and external water at the liquid limit and plastic limit can be expressed in terms of clay mineral content. (Dolinar, Miŝiĉ and Trauner, 2007)


1.1 Particle Size Distribution

Following the procedure provided during lecture time to carry out a sieve analysis with a granular soil sample, in order to produce from the results, a table of particle size distribution, plot the distribution on a graph and analyse the results, while analysing the proportions of sand, silt, and clay particles within the sample as well as grading the sample by its distribution. 

1.2 Atterberg Limits

Following the procedure provided during lecture time to carry out the Atterberg Limits tests with a cohesive soil sample. In order to produce from the results, a value for the Plastic, Liquid limits as well as the Plasticity Index of the sample. These results will be plotted on a graph with a results analysis, classification of the clay sample, which is illustrated by the graphical comparison of the Plasticity Index to Liquid limit.
2. Methodology

2.1 Sieve Analysis

Particle sizes determine the effective properties of a build, characteristics such as bulk density, physical stability, and permeability decide the size of a particle. Sieve analysis is a procedure where particles are moved vertically or horizontally through sieve meshes. 

Experiments traditionally lend themselves to use large sample sizes to get more accurate results, for sieve analysis, results accuracy will be reduced if the sample size is too large. A large sample size prohibits particles from dividing accordingly and presenting themselves on the sieve.

“Mesh number represents number of wires per Millimetres (25.4mm). Woven wire sieves are sold either by mesh number or by the wire spacing. ISO/BS International and British standards tend to use wire spacing.” (Agg-net.com, 2019)

“In ASTM standards, sieve diameter sizes are measured in inches, whereas in ISO/BS standards millimetres are used. There is a slight difference between 8in and 200mm, or 12in and 300mm diameter. In reality, 8in is 203mm and 12in is 305mm. Thus, 8in diameter test sieves and 200mm diameter test sieves will not nest with each other, likewise nor will 12in and 300mm diameter test sieves.” (Agg-net.com, 2019)

Apparatus Required shown in figures 2.1.1, 2.1.2 & 2.1.3:
· Soil Specimens
· Sieve Shaker
· BS:410 Standard Sieves
· Oven
· Metal or porcelain dishes
· Receiving pan/base
· Spatula
· Cleaning Brush
· Weighing Scale to 0.1 accuracy
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(Figure: 2.1.1 Apparatus Required)
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(Figure: 2.1.2 Sieve Shaker)
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(Figure: 2.1.3 Receiving pan soil sample)

2.2 Sieve Analysis Procedure: (Basic Civil Engineering, 2017)

· Clean the sieves of sieve shaker using cleaning brush if any particles are struck in the openings.
· Record the weight of each sieve and receiving pan.
· Dry the specimen in oven for 3-4 minutes to get the dried specimen (ignore, if the specimen is already dried).
· Weigh the specimen and record its weight.
· Arrange the sieves in order as the smaller openings sieve to the last and larger openings sieve to the top. (Simply, arrange them to the ascending order of sieve numbers – No.4 sieve on top and no.200 sieve at bottom)

Using a weighed sample, it’s poured into the top sieve which has the largest screen openings. Each sieve in the columns that follows have smaller openings as the sample passes through, till it hits the base pan. (Test sieves, 2000)

The column is mounted to a mechanical shaker, which then shakes the columns for approximately 2 minutes. Once this process is complete, the material on each sieve and base pan is removed and weighed. The weight of each sample is then divided by the total weight to give a percentage. During removal it is important to minimise the loss of material for this purpose. (Test sieves, 2000)

The results of the test are plotted in a graphical form to identify the graduation of the sample, shown in figure: 3.1.1
2.3 Atterberg Limit: Liquid Limit

2.3.1 Definition: Liquid Limit

The moisture content of the soil is the liquid limit, which is shown as a percentage after the drying process, between the boundary of the liquid and plastic states. It’s shown as two sides of a soil sample close together during a test using a Casagrande apparatus, over a 12mm gap. (Test Method for Liquid Limit, Plastic Limit, and Plasticity Index, 2015)

Apparatus Required shown in figure 2.3.1:
· Base pan soil sample
· Casagrande liquid limit apparatus
· Spatula
· Oven
· Spatula
· Grooving tool
· Moisture cans
· Weighing Scale to 0.1 accuracy
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(Figure 2.3.1: Apparatus Required)

2.4 Liquid Limit Procedure

· Using four marked containers, record the weight of each one and mark them for each sample.
· Using around 250g of sample, mix small increments of water thoroughly, to produce a clay consistency. (The consistency requirement is a variable, more soil or water will be added to reach the required drops, along with creating the desired 12mm groove)
· Place a portion of the mixed sample into the Casagrande bowl, being sure to compact the sample into the bowl and creating a flat surface with the spatula to a depth of approximately 10mm.
· Using the groove tool, cutting through the sample front to back with 3-4 progressive cuts to the base.
· The Casagrande apparatus is set to 0 strikes. Lifting and dropping the cup of around 2 rotations a second, until both sides of the sample close over the 12mm gap, then recorded how many strikes happened.
· Cutting into the sample with the spatula edge to edge, across the groove. The sample is placed into one of the marked containers and weighed. (These steps are repeated four times for each sample with increasing water content to reduce the number of blows required to close the gap, each sample should be between 35 and 15 strikes to close the gap.)
· The four samples are then dried in the oven for 24 hours, then weighed to determine the moisture content, which is represented in the table in figure: 3.2.0

2.5 Atterberg Limit: Plastic Limit

2.5.1 Definition: Plastic Limit

The moisture content of the soil is the plastic limit, which is shown as a percentage after the drying process, between the boundary of the plastic and semi-solid states. The moisture content in which the soil begins to crumble when rolled into a strand of 3mm thick in diameter using a glass plate. (Test Method for Liquid Limit, Plastic Limit, and Plasticity Index, 2015)

Apparatus Required shown in figure 2.5.1:
· Glass Plate
· Spatula
· Oven
· Metal or Wooden rod with 3.2mm diameter
· Moisture cans
· Weighing Scale to 0.1 accuracy
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(Figure 2.5.1: Apparatus Required)




2.6 Plastic Limit Procedure

· Using three marked containers, record the weight of each one and mark them for each sample.
· Using a sample of approximately 20g or more/less, reducing the water content of the soil as which it can rolled with spreading the mixture continuously over the plate or to the cans.
· Rolling the sample with the palm or fingers along the glass plate with enough pressure to roll the sample out into a uniform diameter throughout its length, each roll should deform the sample till it reaches the same diameter of the rod.
· Keeping the uniform of the sample, it’s rolled till it begins to “crumble” which is defined as it shears due to the rolling. The crumbling may be resulted to the reduction of moisture as of the result of rolling, and not a mechanical breakdown from pressure from the hand. (The crumbling point is the plastic limit moisture content). 
· Collect the crumbled pieces into a container, then weighed. Then the previous steps are repeated for the three samples. Which are then placed into an oven to dry for 24 hours.
· Once dried the containers with each sample are weighed to calculate the moisture content of the samples, shown in figure:
3. Results and Analysis

3.1 Results: Particle Size Distribution

	Sample Size =1061.82g
	
	
	

	
	
	
	

	Sieve Size (mm)
	Mass (g)
	% On Sieve
	% Passing

	4
	157.28
	14.81
	85.19

	2
	164.58
	15.5
	69.69

	1
	139.32
	13.12
	46.57

	500um
	116.46
	10.97
	45.6

	250um
	180.49
	16.99
	28.61

	125um
	196.28
	18.49
	10.12

	63mic
	40.48
	3.81
	6.31

	Pan - Clay under 63mic
	64.55
	6.08
	0.23


(Figure: 3.1.1 Sieve Particle Distribution)















3.2 Results: Atterberg Limits

	(Figure 3.2.0: Liquid and Plastic Limit Determination)
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	1
	2
	3
	4
	5
	6
	7

	Type of Test
	LL
	LL
	LL
	LL
	PL
	PL
	PL

	Wt. of wet soil + container
	13.44
	13.7
	15.07
	14.63
	7.3
	7.29
	6.58

	Wt. of dry soil + container
	11.16
	11.26
	12.67
	12.11
	6.72
	6.8
	6.19

	Wt. of container
	4.73
	4.7
	4.72
	4.75
	4.7
	4.76
	4.76

	Wt. of moisture
	2.28
	2.44
	2.4
	2.52
	0.58
	0.49
	0.39

	Wt. of dry soil
	6.43
	8.82
	10.27
	9.59
	6.14
	6.31
	5.8

	Moisture content
	35.60%
	37.20%
	30.20%
	34.30%
	28.70%
	24.02%
	27.20%

	Number of blows
	26
	16
	88
	31
	 
	 
	 



	Number of Blows
	
	16
	26
	31
	88

	Moisture Content
	
	37.20%
	35.60%
	34.30%
	30.20%



(Figure 3.2.1: Liquid Limits Graph)

3.2.2 Calculations: Plastic Limit

Plastic Limit = (Weight of wet soil / Weight of dry soil) X 100

3.2.3 Definition: Plasticity Index

The Plasticity Index is the difference between the liquid limit ad the plastic limit, both of these are moisture contents.

3.2.4 Calculations: Plasticity Index

Plasticity Index = Liquid Limit %  – Plastic Limit %





3.3 Results: Plasticity Index

	Liquid Limit =
	35.80%
	
	
	

	Plastic Limit =
	26.70%
	
	
	

	Plasticity Index =
	9.1%
	
	
	

	Soil Classification =
	LL <40, PL >10 (Clay, Gravel & Sand)


[image: Image result for plasticity chart]
(Figure 3.3.1: (Atterberg Limits Plasticity Chart. n.d.)



















4. Conclusions

Reviewing the results of plasticity, it has shown that the soil sample is of low plasticity meaning the shear strain of the soil is high. A high shear strength means the soil at its plastic state is less likely to tear under pressure when water is absorbed. This is a measure of the cohesive qualities of the clay content, which gives a result of the swelling and shrinkage of the soil in the area the sample was taken from. Soil plasticity is an indicator of slope stability, plastic soils behave like clays, where adding water increasingly results in failures. 

The results of these tests have shown that the sample is of fine soils with little clay present. Which show that the soils have high permeability due to the particles in its composition. The sample is broken down as showing incohesive qualities under wet circumstances, this is with a low moisture content which gives the results that the soil will experience unstable failures. (Niroumand and Kassim, 2016)

Cohesionless soil is a free-running soil type such as gravel, where it’s strength is derived from interparticle friction. Cohesive soils shouldn’t crumble, they can be excavated with vertical slopes, and is plastic when wet. 

[bookmark: _GoBack]This shows that the sample has many large particles in the composition, meaning it relies heavily on interparticle friction to maintain strength and form, the inclusion of water of low quantities will mean the form fails and in turn gives a low shearing strength.
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