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1.1 Soils

Soil comprises of four main components - organic matter such as plants and animals (both living and decaying), minerals from rocks in close proximity, water and air (Soil-net.com. 2018).  The proportion of these factors determines the type of soil but other influences like climate, vegetation, time and human activities (farming, gardening) can change the soil in a particular area (technicalcivilengineering, 2019).

Soil is primarily composed by natural means like the weathering of rocks and mineral (carbonation, hydrolysis, exfoliation, ice wedging), erosion, deposition and compaction over time (Dot.ca.gov. 2018).  Plants and animals also aid the progression of soil by splitting rocks and hard soils with roots or burrowing down which exposes rock to further weathering (Environment.nsw.gov.au. 2018).  The size of particles within the material affects the characteristic of a soil and affects how much water and air it can hold; knowledge which is crucial before construction as it helps prevent disasters such as Aberfan (Environment.nsw.gov.au. 2018).
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1.2 Investigating Soils

Before any construction takes place engineers must use soil and rock mechanics in order to establish what type of geological foundations are on site (Soil-net.com. 2018).  Site investigation of the soil, fold and fault distribution and bedrock aids engineers in the designing of earthworks and structure foundations, monitoring of site conditions, the construction of earthworks and foundations and risks posed by the site’s construction.  It is also important to take geographical hazards such as earthquakes, landslides, sinkholes etc into account when investigating and before constructing on site (Environment.nsw.gov.au. 2018).  

In order to establish the characteristics of the soil on site, geological engineers carry out the Atterberg Limits test and a Sieve Analysis test(Environment.nsw.gov.au. 2018).  An Atterberg Limits test is the measurement of the liquid limit, plastic limit and shrinkage limit within fine-grained soils and a Sieve Analysis to assess the particle size distribution of the granular material(Sieveanalysis, 2019). 
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Sieve Analysis (otherwise known as particle size distribution) is used widely in geotechnical engineering in order to establish the size and characterisation of soils for safety both structure and construction(Sieveanalysis, 2019).  This test also aids engineers in ensuring the correct compaction and process of compaction is implemented for that particular soil on site (Sieveanalysis, 2019). 
[bookmark: _Toc7556843]2.1 Theory

Before sieving begins the sieves must be cleaned and the soil is air dried to prevent lumps and clogging of the finer sieves (Sieving, 2019).  The test is done in laboratories by a sieve shaker, results are obtained and a graph called a grading curve is produced (Aboutcivil.org, 2019).  This graph represents the cumulative percentage passing through the sieves and enables engineers to determine whether a soil is too course or too fine (CivilSeek, 2019).
A sieve consists of numerous metal rings with a wire mesh bottom and each sieve has different screen openings to allow the different particle sizes to filter through (Sieveanalysis, 2019).

[bookmark: _Toc7556844]2.2 Methodology

Apparatus:
1. Set of sieves
2. Weighing scale – balance sensitive to 0.1g
3. Sieve brush
4. Mechanical sieve shaker
5. Tray

[bookmark: _Toc7556845]2.3 Procedure

1. Weigh the scale pan.
2. Arrange the order of the sieves No.4, 2, 1, 500µm, 250µm, 125µm, 63mic and Pan. (Appendix: Figure 1).
3. Secure stack to mechanical sieve shaker.
4. Take a quarter of a soil sample and record its weight to the nearest 0.1g. (Appenidix: Figure 2).
5. Pour soil into the sieve stack.
6. Use mechanical sieve shaker to vibrate the stack for 2 minutes.
7. Remove the lid and release each sieve carefully and brushing particles attached to the sieve into the next lower sieve. (Appendix: Figure 3)
8. Pour the retained aggregate into the weighing scale and record its weight then put this into the tray. (Appendix: Figure 4)
9. Repeat that process for each sieve size and record each weight in a table.
10. Once completed, calculate the retained percentages to the nearest 0.1% for each sieve.
11. Ensuring that prevention of loss of material during the test in crucial as it allows it to be more accurate.
12. Plot a graph where the sieve size is against the percentage passing for the sample.
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[image: ][image: ]Results for the test were put into a table (Table 1) and the below equations were used to establish what percentage of the sample was retained and passed. 









	Sample Size 1061.81g
	 
	 
	 

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

	4
	157.28
	14.81
	85.19

	2
	[bookmark: _GoBack]164.58
	15.5
	69.69

	1
	139.32
	13.12
	56.57

	500µm
	116.46
	10.97
	45.6

	250µm
	180.49
	16.99
	28.61

	125µm
	196.25
	18.49
	10.12

	63mic
	40.48
	3.81
	6.31

	Pan
	64.55
	6.08
	0.23


                      
                                 (Table 1: Results of the Sieve Analysis Test. Gulley, 2019)
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                            (Graph 1: Results table plotted on a Sieve graph. Gulley 2019)
These results were then presented in a graph (Graph 1) of percentage passing versus the sieve size.  From looking at the graph and table it is evitable that the sample is a fine sand/ gravel soil.
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In order to understand and appreciate the importance of the tests we carried them out on soil samples using the Cassagrande apparatus developed by Atterberg in 1911 and recorded/analysed our finding (Dust Control and Soil Stabilization. 2018)s.  From this we were able to establish what classification of soil we had tested and could therefore use this information to apprehend the types of structures suitable for soil of this characteristic (GlobalGilson.com, 2018).  

The aim of this test is to determine the liquid and plastic limit of the given sample and comment on how the values relate to the stability of the soil (Dust Control and Soil Stabilization. 2018). 
[image: ]	
3.1 Liquid Limits Test

The Liquid Limit (LL) is defined as “the limit of water content at which the soil is just about to pass from the plastic state into the liquid state” (GlobalGilson.com, 2018). 

Apparatus:
• Cassagrande apparatus
• Grooving Tool
• 4 containers
• Metal mixing bowl
• Spatula 
• Palette knife
• Weighing scales
• Water
• Soil sample
• Oven
• Paper & pen	           (Figure 5: Apparatus for test. Gulley, 2019)

Method 

1) Choose 4 containers. Mark, weigh them and record their weight.
2) In the metal mixing bowl place a portion of soil sample and add small amounts of water.  Mix thoroughly with spatula to a clay consistency that requires 10-30 drops of the Cassagrande (Consistency is trial and error) (Appendix: Figure6).
3) Once sample is at appropriate thickness, place a portion of mixture into the cup bowl.
4) Use palette knife to squeeze clay down to a 10mm depth. Must be as flat as possible (Appendix: Figure 7)
5) Return any excess soil to bowl.
6) Use grooving tool to cut a 12mm depression through the middle of the sample in 3 swipes from back to front (Appendix: Figure 8).
7) Ensure drop counter is zeroed. 
8) Turn handle to lift and drop cup at 2 rotations per second until the gap closes 
9) Record number of drops.
10) Using the palette knife, remove a portion through the width of the sample (Appendix: Figure 9)
11) Place sample in the relevant container.
12) Weigh wet sample in the container and record weight.
13) Repeat process a further 3 times. If your drop was below 25, increase the amount of soil sample to increase number of drops, or to reduce amount of drops add more water to your sample. (Drops should range between 10-30)
14) Dry the four samples in an oven for 24 hours.
15) Weigh the dry sample in the container and record result. (Appendix: Table 2)
16) Calculated weight of moisture, dry soil and moisture content 
17) Produce Atterberg Limit Graph to illustrate results



(Graph 2: Graph showing the relationship between moisture content percentage and the number of blows. Gulley, 2019).

In reference to the graph it can be seen that where the 25 blow is the liquid limit of the soil, the moisture content for this sample is approximately 35.8%.  
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The plastic limit of a soil sample is the minimum water content a soil will hold before crumbling when it is rolled to a diameter of 3mm (soilclassification, 2018).  The moisture content is what defines where the soil changes from a semi-solid to a plastic state (Buddhika 2018).
[image: ]
Apparatus:
• 3 containers
• Weighing Scale 
• Clay sample
• Water
• Wooden rod (3mm diameter)
• Palette knife
• Oven
• Paper & pen                                                 (Figure 10: Apparatus for test. Gulley, 2019)

Method 

1) Choose 3 containers. Mark, weigh them and record their weight 
2) Knead the clay sample. Add more water if necessary to prevent crumbling before rolling.
3) Roll clay between hands into a ball.
4) When it starts to crack, split ball into 3 smaller balls.
5) Measuring against the wooden rod, roll 1 ball into a thread to around 3mm diameter. Make sure it stays intact; if not, start from point 2 again. (Appendix: Figure 10).
6) Roll clay until it starts to crack around the 3mm mark. (Cracking should happen due to moisture reduction, not mechanical movement)
7) Once the clay shows signs of cracking you may stop. This point is the Plastic Limit.
8) Cut a section of the clay thread and place in relevant container (Appendix: Figure 11).
9) Repeat process for other 2 balls of clay.
10) Weigh the samples and record results.
11) Place samples in the oven for 24 hours.
12) Weigh the dry sample and record results (Appendix: Table 3)
13) Take the average of all three weights to give you the average moisture content result 

After evaluating the results from the table it was calculated that the Plastic Limit is 26.7%.


3.3 Plasticity Index

The plasticity index is the correlation between a soils moisture contents; its liquid and plastic limit (Buddhika 2018).  This index displays and provides a range of how much moisture content is required to transform a soil from a liquid to semi-solid state and what level of cohesion is present in that soil (Buddhika 2018).

Plasticity Index = Liquid Limit (LL) – Plastic Limit (PL).


Although the plasticity index was determined during this experiment it is possible that it cannot be produced if the liquid limit or plastic limit was not found or if the plastic limit is greater than or equal to the liquid limit (soilclassification, 2018). When this occurs the plasticity index should be recorded as non-plastic (NP) (soilclassification, 2018).

3.4 Soil Classification

Classification of soils is used to predicted the behaviour of soils within a project by looking at their characteristics. 
[image: ](Figure 12: Table of soil classification.  CivilSeek, 2019)

 Figure 12 presents a table of classification where there are two main groups of soil; Coarse-grained soils where less than 35% of soil particles passes through No. 200 sieve and Fine-grained soils where more than 35% of soil particles pass through the No.200 sieve.  
	
	

	Liquid Limit
	35.80%

	Plastic Limit
	26.70%

	Plasticity Index
	9.10%

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



                              (Table 4: Results of Atterberg Limits Test. Gulley, 2019).
From the results of the laboratory tests the Atterberg Limits were LL <40), PL >10 which classifies the soil (Appendix: Table 5) as a clayey gravel sand (A-2-6).  With classification of soil established for this sample geotechnical engineers would now be able to advise other engineers on the appropriate construction needed for that particular site according to the mechanical and hydraulic characteristics of the soil.


[bookmark: _Toc7556849]4. Conclusion


Moisture content within soils is a major factor in the cohesiveness of a soil and the way it behaves must be considered before any construction begins.  It is important to establish the characteristics of the soil in order to prepare for the construction but to also use the soils properties as an advantage (if possible) during construction.
	
From the experiments the following was accomplished:

•Fine-grained soils with high moisture content have similar characteristics to liquids
•Soils become more dense when water content increases
•When water content is reduced the soil becomes plastic 
•The strength of the samples decreased as moisture increased
•If moisture was reduced the soil can posses a semi-solid characteristic where volume doesn’t change.
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(Figure 1: Order of the sieves. Gulley, 2019)
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(Figure 2: Soil sample. Gulley, 2019)		   (Figure 3: Brushing soil through sieve. Gulley,        `				                              2019)
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(Figure 4: Weighing aggregate. Gulley, 2019)              (Figure 6: Mixing soil and water. Gulley, 						               2019)
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(Figure 7: Flat soil in the Cassagrande. Gulley, 2019)
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(Figure 8: Grove in the soil sample. Gulley, 2019)
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(Figure 9: Sample take from the soil. Gulley, 2019)

	Column1
	1
	2
	3
	4

	Type of Test
	LL
	LL
	LL
	LL

	Container Number
	G1
	G2
	G3
	G4

	Wt of wet soil + cont (g)
	13.44
	13.7
	15.07
	14.63

	Wt of dry soil + cont (g)
	11.16
	11.26
	12.67
	12.11

	Wt of Container (g)
	4.73
	4.7
	4.72
	4.75

	Wt of moisture (g)
	2.28
	2.44
	2.4
	2.52

	Wt of dry soil (g)
	6.43
	6.56
	7.95
	7.36

	Moisture Content (%)
	35.6
	37.2
	30.2
	34.3

	Number of Blows
	26
	16
	88
	31



(Table 2: results of the L L test. Gulley, 2019)
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(Figure 10: soil rolled alongside rod for plastic test. Gulley, 2019)
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(Figure 11: samples from rolled out soil. Gulley, 2019)

	PL
	PL
	PL

	PL1
	PL2
	PL3

	7.3
	7.29
	6.58

	6.72
	6.8
	6.19

	4.7
	4.76
	4.76

	0.58
	0.49
	0.39

	2.02
	2.04
	1.43

	28.7
	24.02
	27.27

	N/A
	N/A
	N/A



(Table 3: results of plastic limit test. Gulley, 2019)




	Liquid Limit
	35.80%

	Plastic Limit
	26.70%

	Plasticity Index
	9.10%

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


(Table 5: Results of both tests. Gulley, 2019)
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TABLE 6.9 AASHTO Soil Classification System
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