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[bookmark: _Toc133224375]Atterberg Limits Test
[bookmark: _Toc133224376]Introduction 
The purpose of the Atterberg limits test is to establish the moisture contents at which silt soils and fine-grained clays transition between the variety of states known as soil, semi-solid, plastic and liquid. This will result in determining the soils strength, consistency and overall behaviour.
[bookmark: _Toc133224377]Methodology 
Equipment used during this test includes:
· Evaporation dishes- to mix specimen to moisture content wanted.
· Spatula- to smooth, form or mix soil specimen.
· Wash bottle-to dispense mixing water.
· Aluminium containers- to hold soil moisture samples.
· Mortar and Pestle- used for particle size reduction.
· Washing pan- clean up of bowls and spatulas after use. 
· Liquid Limit Machine – either motor-driven or manually operated.
· AASHTO or ASTM Grooving Tool.
· Glass Plate – used to roll out threads.
· Plastic Limit Apparatus – used as an optional plastic limit roller apparatus.
· Soil Grinder – optional for efficient particle size reduction.
· Digital Lab Scale or Balance – 0.01g readability required.
· Drying Laboratory Oven – used for moisture content tests.
Liquid Limit procedure
Firstly, take roughly 3 quarters of the soil sample and place it in the porcelain dish. Assuming that the following happened to the soil, previously passed through a NO. 40 sieve, air-dried and pulverised. Using the water bottle and the mortar and pestle mix the sample while adding water until soil becomes a smooth paste, then proceed to cover the dish to avoid any moisture escaping. Once that’s done measure the aluminium cans when empty and record the weights and place on data sheet. Next adjust the liquid limit apparatus and check the height of the cup. The cup should have a rise of 10mm above the base, which can be gauged by using the grooving tool. To achieve the best results, proceed to use the crank if manually operated to gain a good understanding on the rate needed to have 2 drops per second, once comfortable will the apparatus place the soil into the brass cup, using the spatula to squeeze the soil down to avoid air pockets. Next use the grooving tool to cut a line through the centre of the sample down to the bottom of the brass cup, splitting the sample into two pieces. Proceed to turn crank at the required rate (2 drops per second) if the groove does not shut after 50 drops the soil will need to be taken out and remixed as its too dry. If the gap has closed in less than 50 drops use the spatula to gather a sample from what was ‘both sides’ before closing and place in a can, once done weigh the can and record data. The can will then be placed in the oven for 16 hours. Any left-over waste will then be cleaned out the dish and the grooving tool which can then be cleaned down. Finally repeat the last 3 to 4 steps for an additional 2 trials to give lower number of drops.

plastic procedure limit
Firstly, weigh the empty aluminium cans and record the respective weights and place on to a data sheet with both weight and can number references. Secondly, take the remainder of the soil sample used in the liquid test and add water until rolling it consistently without it sticking to hands can be achieved. Then roll the sample between the hands and glass plate using pressure to create a thread from the sample. Once the thread reaches the desired diameter of approximately 3mm cut into several pieces and re-roll until the soil crumbles and can’t achieve the 3mm diameter. Next gather the potions and place into can, must have 6 grams of soil. Then immediately weigh the can and place into the oven for 16 hours. Repeat these steps another 2 to 3 times to determine the water content for each trial.
[bookmark: _Toc133224378]Results and Analysis 
Liquid limit analysis
Calculate the water content of each trial can after 16 hours in the oven, then plot the numbers of drops against the water content and draw a line to best suit.
Plastic limit analysis
Again, calculate the water content of each trial after being left in the oven for 16 hours, calculate the water averages to determine plastic limit. Calculate the plasticity index. Report the liquid limit and plasticity index to the nearest whole number.
	
	1
	2
	3
	4
	5
	6
	7

	Type of test 
	Liquid limit
	Liquid limit
	Liquid limit
	Liquid limit
	Plastic limit
	Plastic limit
	Plastic limit 

	Container number 
	C1
	C2
	C3
	C4
	C5
	C6
	C7

	weight of wet soil and container
	13.56
	11.58
	13.35
	15.05
	7.99
	8.67
	9.39

	Weight of dry soil and container 
	11.00
	9.62
	10.76
	11.82
	7.35
	7.90
	8.41

	 Weight of container 
	4.67
	4.70
	4.73
	4.76
	4.66
	4.69
	4.76

	Weight of moisture
	2.48
	1.96
	2.59
	3.23
	0.64
	0.77
	0.98

	Weight of dry soil 
	6.41
	4.92
	6.01
	7.06
	2.69
	3.21
	3.65

	Moisture content
	38.68
	39.83
	43.09
	45.75
	23.79
	23.98
	27.84

	Number of blows 
	35
	23
	12
	16
	
	
	



Weight of moisture= weight of wet soil- weight of dry soil
Moisture content= weight of moisture divided by weight of dry soil x 100
Liquid limit= 40.5%
Plastic limit= 25.2%
Liquid limit-plastic limit= plastic index
Plastic index= 15.3%
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[bookmark: _Toc133224379]Conclusion 
In regard to the results achieved, limitations could also be discussed. Limitations include liquid limit device being knocked out of calibration resulting in ineffective results, ‘dry soil’ not prepared beforehand resulting in the soil holding little moisture giving the incorrect weight readings and proceeding to give insufficient data.
[bookmark: _Toc133224380]The sieve analysis 

[bookmark: _Toc133224381]Introduction
A sieve analysis, also known as a gradation test, is a practise or procedure used in civil engineering and chemical engineering to measure the amount of material that is stopped by each sieve as a percentage of the total mass in order to determine the particle size distribution—also known as gradation—of granular materials.
[bookmark: _Toc133224382]Methodology 
The equipment used in this test:
· Stack of sieves- Ranging from 20 micrometres to200 millimetres 
· Sample- Dried in over 120 degrees for 24 hours to dry moisture.
· Mechanical sieve shaker
· Mortar and pestle- to make the sample as fine as possible. 
· Brush- used to wipe sample from sieve to bowl.
· Oven- to dry moisture from sample
· Scales- 0.1g sensitive
Sieve analysis procedure 
Firstly, weigh the scale pan (minus the reading from when sample weight is gathered) some scales allow you to re-calibrate to zero grams).Then using a plastic scoop draw a line to split the sample into 4 pieces when in the original container. Use one of the 4 pieces as your sample and gather a sample of 2KG. Accurately weight the sample to the closest 0.1g and make a recording of the sample weight on the data sheet. Once the sample is gathered, the sieves must be arranged in numerical order of largest opening on top to smallest openings on bottom. Once arranged in order pour the sample into the sieves.
Bolt the sieves down on the vibrating sieve shaker to avoid any sieves falling off and loss of sample. Then proceed to turn the mechanical shaker on for 2 minutes to vibrate the sieves causing the sample to fall into the correct sieve best matched to its grain size. Once the two minutes are up, stop the machine and remove lid and bolts/ clamps. One after another, each sieve needs to be released carefully in order to avoid loss of sample. To ensure that no material is lost, carefully brush the sample particles onto a tray with a plastic sheet lining. Once all particles have been removed from sieve onto the plastic sheeting, slowly tip the sheet into the scale pan. Determine the weights of each individual sample to each sieve to the nearest 0.1g and take record of the weights in the data sheet. Repeat this process for each sieve and gather all individual readings onto the data sheet. Once all sieves have been brushed down and taken readings of, report all the percentages to the nearest 0.1% for each aggregate .In order to prevent loss of material during the sieving test. However, if there is a discrepancy less than 0.2% between the original dry sample and sum of all weights assume the small number of particles have been lost through the smallest sieve and use original weight. If there is a discrepancy greater than 0.2% the test will have to be rerun to gather appropriate results.
 
[bookmark: _Toc133224383]Results and analysis
Results Table 
Sample size= 1000.26g
	Sieve size (mm)
	Mass (g)
	% on sieve 
	% passing

	2
	16.67
	1.67
	98.33

	1.18
	45.64
	4.56
	93.77

	0.600
	115.15
	11.51
	82.26

	0.300
	575.37
	57.54
	24.72

	0.150
	133.57
	13.36
	11.36

	0.63
	62.59
	6.26
	5.10

	0.45
	17.93
	1.79
	3.31

	0.38
	20.96
	2.09
	1.22

	BT
	10.57
	1.18
	0.04



94.98%= sand
3.15%= silt
1.67%=Gravel
These percentages were achieved due to plotting the results on the graph below.
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[bookmark: _Toc133224384]Conclusion
There is a large scope for error on this due to the number of limitations appear during this test. These include, material stuck in sieve due to not being brushed thoroughly enough, pieces of brush being caught in sieve and cross contaminating the sample resulting in inadequate data, damaged sieve resulting in loss of material, sample left on plastic sheet influencing previous weights and new weights of sample passed through. Humidity levels of room absorbing moisture.

[bookmark: _Toc133224385]Standard proctor compaction test
[bookmark: _Toc133224386]Introduction
A laboratory technique called the Standard Proctor technique is able to determine the maximum dry density of soil. Proctor first suggested this test in 1933, pointing out that when soil is compacted, there is a link between the moisture content of the soil and its dry density. This moisture-density connection, often known as the "compaction curve," is determined for a specific compaction energy.
[bookmark: _Toc133224387]Methodology
Equipment utilised to conduct this test includes:
· 10-centimetre diameter cylindrical compaction mold equipped with base and collar
· Proctor rammer weighing 2,5kg (5.5 pounds) or 4.5kg (9.9 pounds) dependent on whether the standard or modified test is conducted.
· No.4 sieves 
· Steel straightedge to level of mold containing soil.
· Moisture containers
· Graduated cylinder for adding a measured quantity of water into the soil mass.
· Mixing tools (spoon, trowel, spatula to thoroughly mix a predefined water quantity with soil.
· Controlled oven
· Metallic tray and scoop
· Weighing balance to measure soil weight. 

Soil Specifications 

The soil will need to be filled into 3 layers, with each layer receiving 25 blows with a hammer or rammer that is if the mold diameter is 4 inches, 56 blows if the mold is 6 inches in diameter. With the drop height of the hammer for each blow being 300mm or 12 inches.

Standard proctor compaction test procedure
To begin with obtain around 10 pounds (4.5kg) of air-dried soil sample which will be used to conduct the compaction test with. Break all the lumps in the soil. Once achieved, sieve the soil on the No.4 sieve. Collecting all the minus 4 material in a large pan, there should be 2.7kg of mass or more. Then add water to the material and mix thoroughly to bring the moisture content up around 5%. After that determine the weight of the proctor mold and base plate ONLY then proceed to attach the extension to the top of the mold. Place the soil into the mold in three equal layers with each layer being compacted by the hammer with 25 blows from the correct height range of 300mm. Repeat the blows for each three layers. The top attachment will then need to remove from the mold avoiding breaking any of the compacted soil off when removing the lid. With the use of the straightedge peel back any excess soil sitting above the mold, to give an even surface. Once levelled off determine the weights of all three (weight of mold + base plate + compacted moist soil in mold). Using a jack remove the base plate from the mold allowing you to extrude the compacted soil from the mold. From the moist soil extruded in the previous step collect the moisture sample and place in moisture can but beforehand determine the weight of the moisture can when empty allowing you to determine the weight of the moist soil by simply taking the weight of the can away from the total weight when weighed with the sample inside. Once all weights have been determined place the can with the moist soil in an oven at a constant weight. Break the remainder soil that’s compacted into the pan with the leftover moist soil this will be done by hand. Once complete add water and mix it raising the moisture content by about 2%. Repeat all active works of the test stated above in the process of doing this the moisture content should increase then decrease as well as the weight of the mold + base plate + moist soil. Continue the test to gather two successful down readings. The next day readings of the moisture cans and soil samples (stated 3 steps before) will be re determined.
[image: ]

Figure 1 (Darvishi et al, 2020)

[bookmark: _Toc133224388]Results and Analysis


Results from a standard proctor test.
	Weight of cylinder 
	2002
	g

	Cylinder Number 
	K/K1
	

	Cylinder volume 
	1311.93
	Cm3



Table 1: Cylinder information
Compaction test results
	Run No.
	
	
	
	
	

	Weight of sample and container (g)
	
	
	
	
	

	Weight of wet sample (g)
	
	
	
	
	

	Moist density 
	
	
	
	
	

	Moisture content dry weight %
	
	
	
	
	

	Actual moisture content%
	
	
	
	
	

	Dry density 
	
	
	
	
	

	Moisture content at saturation
	
	
	
	
	




Water content data
	Can No.
	
	
	
	
	

	Wet weight gross (g)
	
	
	
	
	

	Dry weight gross (g)
	
	
	
	
	

	Weight of water (g)
	
	
	
	
	

	Tare weight (g) 
	
	
	
	
	

	Dry weight of soil (g)
	
	
	
	
	

	Moisture content %
	
	
	
	
	



Summary Data
	Optimum water content%
	

	Max. Unit dry weight g/cm3
	



(Tables above are to show how the tables are set out and what figures are needed in order to do the test correctly)
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Figure 2 (Panchal et al, 2018)
(The graph above is shown as an example of how the completed results would be recorded, all dependent on personal figures gathered)
[bookmark: _Toc133224389]Conclusion
 Precautions that need to be considered to avoid any defective information gathered this will include not using soils which have previously undergone compaction test, avoid using samples which contain particles subject to degradation. Also, all blows must be done evenly over all soil layers, for example hammer risen to the correct height for each compaction as all listed above will have an effect on the results recorded.
The gradation of the soil also affects the maximum dry density of soil that can be achieved from the compaction curve. A well-graded soil sample is likely to attain a greater value of dry unit weight than a poorly graded or uniformly graded soil sample for the same soil type and compactive effort. For constructions that must support relatively light loads, such as walkways and residential buildings, the standard Proctor Test is used. However, the Modified Proctor Test is preferred for megastructures due to the additional compactive effort that benefits the cause effectively.


[bookmark: _Toc133224390] Bibliography 
GC GOKCE (2022) Atterberg limits test:10 things (2022) you must know. Available at: https://gokcecapital.com/atterberg-limits-test/ (Accessed 17th April 2023)
YouTube (2016) Atterberg limit tests. Available at: https://www.youtube.com/watch?v=BiLiHojeR1Q
(Accessed 17th April 2023)
Scribd (2017) Experiment 4 Atterberg limits determination. Available at: https://www.scribd.com/document/358792009/EXP-4-Attergberg (Accessed 17th April 2023)
Wikipedia (2023) Sieve analysis. Available at: https://en.wikipedia.org/wiki/Sieve_analysis
(Accessed 18th April 2023)
MAVS open press (2023) Chapter 3 Sieve analysis. Available at: https://uta.pressbooks.pub/soilmechanics/chapter/sieve-analysis/#:~:text=Equipment%201%20Stack%20of%20sieves%20with%20a%20cover%2C,4%20Oven%205%20Mechanical%20sieve%20shaker%206%20Brush (Accessed 18th April 2023)
Construction How (2020) Standard Proctor test ASTM: D698-91 Apparatus, Procedure, Results. Available at: https://constructionhow.com/standard-proctor-test/ (Accessed 19th April 2023)
Geo Engineer (2023)Soil compaction test. Available at: https://www.geoengineer.org/education/laboratory-testing/compaction-test (Accessed 18th April 2023)
Darvishi et al (2020) An experimental and prediction study on the compaction and swell-expansion behaviour of bentonite clay containing various percentages of two different synthetic fibers. Available at: https://www.researchgate.net/figure/Experiment-setup-a-standard-Proctor-compaction-test-b-oedometer-consolidometer_fig1_339668447 (Accessed: 19th April 2023).
Panchal, S., Deb, D., Sreenivas, T. (2018) Mill tailings based composites as paste backfill in mines of U-bearing dolomitic limestone ore. Available at: https://www.researchgate.net/figure/Standard-Proctor-compaction-test-curve-for-tailings_fig4_323636365 (Accessed: 19th April 2023).
SCRIBD (2015) Compaction Lab. Available at: https://www.scribd.com/document/258071317/Compaction-Lab (Accessed: 19th April 2023)














2

image3.png
Dial gouge (b)

Oedometer

Modified test :450 mm

i Drop distance
Standard test :310 mm

Hommer lz

Hammer weight 2.5 kg
Level arm

0 mm

@ 100 mm
et

Coolar Weight

Soil loyer 3

Proctor || Paonn .
Cylindrical mold

mold Soil layer 2 o

RN/ sy

Soil layer 1
Dial gauge
B 3
i 1F ! Porous

stone

©

Soil

sample Porous

stone





image4.png
Dry Density (kg/m°)

2100 14

2050 -

2000 -

1850 -

1800 -

1750 -

1700

1950 /
1900 |/

Zero air void line

ome—__ ¢

0.00

10.00 15.00 20.00 25.00

Moisture content (%)

5.00




image1.png




image2.png




