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1.0 The Constant Head Permeameter
1.1 Introduction

The constant head permeability test is a commonly used laboratory testing method, which determines the permeability of granular soils like sands and gravels that contain little or no silt. This testing method is made for testing disturbed or reconstituted granular soil samples. Knowing the height of the soil sample column L, the sample cross section A, and the constant pressure difference Δh, the volume of passing water Q, and the time interval ΔT, one can calculate the permeability of the sample as:
K=QL / (A.Δh.Δt)
Geotech (2021)
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. (Mishra 2020). The permeability of a soil is determined by its capacity to allow the flow of water through pore spaces, between solid particles. Determining the degree of permeability requires the use of a hydraulic pressure gradient. In the case of a sample of saturated soil, the consequent rate of flow is measured. The coefficient of permeability is expressed as velocity. The primary objective of the constant head permeameter testing method is to establish a coefficient of permeability of a given soil. This aids in solving issues related to settlement, the yield of water bearing strata and the stability of earthen dams.

BS 1377 ‘Methods of test for soils for civil engineering purposes’ is the standard used in this piece to cross-reference the methodology of the testing methods. An appreciation has been paid to the superseding BS 1377 standards, but information relevant for this piece has remained the same. Due to this, BS 1377 Part 1-9 1990 will be referenced throughout this piece.  
[image: ]
Fig 1 - General Arrangement of a Constant Head Permeameter Cell
1.2 Methodology
As outlined in BS 1377 Part 1, laboratory permeability tests on soils are carried out under constant head conditions. The apparatus required to conduct permeability tests on undisturbed samples using a triaxial cell and hydraulic consolidation cell are described in BS 1377: Part 6 1990. The test procedure detailed in this clause entails the determination of the coefficient of permeability using a constant head permeameter, in which the flow of water through the sample is laminar. A specific volume of water passes through the soil in a known timeframe, with the hydraulic gradient being measured using the manometer tubes (See fig 1). 
1.2.1 Apparatus 
· Permeameter cell consisting of a cylindrical body of a transparent acrylic plastic (or similar material), held between the removeable base and top members of a corrosion-resistant metal. The cell body must have an internal diameter that is at least 12 times the size of the maximum particle size of the soil sample. Cells of 75mm and 100mm diameter are suitable. The general arrangement of this is highlighted in Fig 1.
Essential requirements for the arrangement include;
· The top and base plates making a watertight seal with the cell body.
· A piston which can be locked in any vertical position by means of a locking collar, passing through the centre of the top plate but forming a watertight seal. 
· The lower end of the piston including a perforated plate attachment, with the number and size of the perforations being of such a state that the flow is not affected and therefore the permeability result remains reliable. 
· A similar perforated plate attached to the base plate.
· Water inlet and outlet connections are fitted to the base and top plates. 
· An outlet typically fitted at the base with a control valve that regulates the rate of flow. 
Note: Any air bubbles are released as a result of the drop in pressure across the restricted flow escape into the atmosphere, rather than into the sample.
· A cylindrical body that is fitted with three or more glands along its vertical length, to be connected to the manometer tubes.
· Two discs of a porous material with a diameter equal to the internal cell body. Their permeability is to be greater than the soil sample being tested, but the apertures shall be of a size that prevents the loss of particles from the sample. Each end of the permeameter cell has a disc attached. 
· An adjustable vertical reservoir tank that can maintain a constant head supply of water to the permeameter cell. 
· A supply of de-aerated clean water to the constant head reservoir. 
Note: If the supply of a sufficient de-aerated water is not practical, clean tap water is a suitable substitute. The presence of air bubbles in the voids of the laboratory sample can appreciably reduce the rate of flow of water, in comparison with in-situ. 
· A discharge reservoir with over-flow, to maintain a constant level. 
· A set of transparent manometer tubes (glass or plastic) of the same internal diameter. They are to be mounted so that the lower ends are level with the permeameter cell, and the upper ends level with constant head reservoir surface when at its highest position. Each monometer is connected to a gland by flexible tubing and watertight joints. 
· A pinch cock placed in the flexible tubing adjacent to the gland. 
· A filter of a material suitably graded for placing adjacent to the perforated plates on each end of the permeameter.
Note: The grading of filter material is dependant on the particle size distribution of the test sample. The filter material grading limits should lie between 4 times the 15% passing size and 4 times the 85% passing size of the test sample. A material of grading between these limits is required.
· Measuring cylinders. 
· A large plastic funnel.
· A scoop used to place soil in the funnel.
· A small scoop that fits inside the permeameter cell.
· A flat-ended tamping rod that is of sufficient length to reach the bottom of the permeameter cell, with a diameter around 10mm.
· A calibrated thermometer with a tolerance of at least 0.5°c. 
· A stopwatch readable to 1s.
· A balance readable to 1g.
· A steel rule graduated to 0.5mm
· Internal callipers.
1.2.2 Preparation of Sample
· Obtain a representative sample from the original soil sample. This is outlined in section 7.7 of BS 1377: Part 1: 1990. The size of the sample must provide enough material for a test sample.
Note: This testing method is not suitable for soils maintain more than 10% by mass of material passing the 63 μm sieve in the sample prepared for the test. 
· If required, carry out a sieve analysis on a representative portion of the sample. This is done in accordance with 9.2.4 of BS 1377: Part 2 1990.
· Remove any particles larger than one twelfth of the diameter of the permeameter cell for the representative portion that is to be tested. The resulting sample should not be dried. The volume of the sample after the removal of over-sized material should be around twice the amount required to fill the permeameter cell. 
· Take two or more representative samples from the prepared material, for the determination of moisture content and particle density. This is in accordance with section 3.2, 8.2 or 8.3 of BS 1377: Part 2: 1990. 
· Weigh the remainder of the sample to 1g.
· If a number of tests are required to establish and relationship between permeability and void ratio, prepare a sufficient number of samples. 
1.2.3 Assembly - Preparation of Apparatus
· Measure the internal diameter of the permeameter cell at multiple places and calculate and record the average diameter to the nearest 1mm.
· Measure the distance between each monometer gland and the next gland at the same vertical line, to the nearest 1mm. 
· Ensure the cell, porous discs, joints, and glands are free from blockage. 
· Assemble the base plate with the perforated disc and attach to the cell body.
· At the bottom of the cell, place the graded filter material at a depth of around 50mm. Ensure this surface is level and then place the porous disc on top.  
1.2.4 Placement of the Test Sample
· Place the sample into the permeameter in a way that gives homogeneous deposit at the required density of void ratio. The final height:diameter ratio of the sample should not be less than 2:1. 
· As stated in BS 1377: Part 5: 1990 the placing and compaction of the sample should be done using one of the following methods:
· Hand Tamping - Placing the soil in the cell in at least four layers with a relative thickness equal to half of the diameter. The first layer should be placed on the porous disc, with subsequent layers on the previously levelled soil layer. 
· Placing under-water - The prepared soil must be thoroughly mixed with de-aerated water and the mixture placed in a suitable funnel, fitted with a bung and length of flexible tubing. The tubing should reach to 15mm above the bottom porous disc. 
Note: The segregation of soil particles when placing can be avoided by using a small scoop. Each layer can be tamped with a controlled number of standard blows from the tamping rod.
· The control valve is fitted to the base of the cell, to the de-aerated water supply allowing de-aerated water to enter to a height of around 15mm. 
· Release the mixture into the cell by raising the funnel so the end of the tubing is at the same level as the water surface. This will be maintained at around 15mm above the surface of the porous disc, by admitting more water through the base valve. 
· Continue until the required level is met. A saturated sample of uniform density in a loose condition is met. To maintain this, do not disturb the soil. If a higher density is required, tamp or vibrate the material during placement.  
Note: The dry pouring of the sample is not included in the procedure as the removal of air bubbles after inundation can be difficult. 
1.2.5 Assembling the Apparatus After the Placement of the Test Sample 
Place the test sample and assemble the permeameter cell as follows;
· Place the porous disc on top of the prepared sample, avoiding any disturbance. 
· Place the graded filter material above the disc, to a depth of 50mm.
· Release the piston in the top plate and withdraw it fully. 
· Fit the top plate to the cell and tighten downwards to position Fig _
· Lower the piston and bed the perforated plate on the filter material. Hold the piston firmly and lock the locking collar in position. 
1.2.6 Measurements
· Determine the mean height of the test sample in mm by measuring the distances between the upper and lower porous discs at three or more locations. 
· Dry the leftover soil and weigh it to the nearest 1g. The dry mass of soil used in the test sample can be obtained by calculating the difference. 
· Fill the cell with water and saturate the sample after following the placing procedure, as follows:
· Close the control valve. Connect the de-aerated water supply to the top connection and connect the control valve at the base of the discharge reservoir. Avoid entrapping air. 
· Set the inlet reservoir at a level just above the top of the cell and open the supply valve. Open the manometer pinch cocks allowing the water in all tubes to reach the level of the reservoir surface. 
· The cell is now ready for test under the condition of downward flow. 
1.2.7 Test Procedure
· Adjust the height of the inlet reservoir to a suitable level, regarding the hydraulic gradient imposed on the sample.
Note: A hydraulic gradient of 0.2 is suitable, although a higher value may be more appropriate for finer grained or more dense soil samples. 
· Open the control valve at the base to produce flow under a hydraulic gradient appreciably less than unity. Allow the water level to become stable in the manometer tubes before starting test measurements. 
· Place a measuring cylinder under the discharge reservoir and simultaneously start the timer.
· Measure the quantity of water collected during a specified timeframe or record how long it takes for the water level to reach a specific volume. 
· Record the level of water in the manometer tubing.
Check: If three or more levels indicate considerable non-uniformity of the hydraulic gradient, remove and replace the sample. 
· Record the temperature of the water in the discharge reservoir. 
· Repeat at least four times, or until consistent findings are obtained. 
· The average water content is then calculated and rounded to the nearest whole number. 
1.3 Results and Analysis
1.3.1 Test Results
· Sample Diameter = 0.1m
· Head Difference = 0.068m
· Distance between points = 0.2m

	Constant Head Permeameter Data 

	Test No.
	Time (m) and (s)
	Result (m3)

	1
	2.75m or 165s
	920 x 10-7

	2
	5.5m or 330s
	185 x 10-6

	3
	11m or 660s
	36.8 x 10-5



1.3.2 Calculations

· Q - Flow over time
· A - Area of Flow
· K - Coefficient of Permeability
· L - Length of Flow Line
· h - Hydraulic Head Difference
· t - Time (s)
Formula - K = Q x L
                 A x h x t

Test 1:
(920 x 10-7) x 0.2
 x 0.052 x 0.068 x (165)

Answer = 2.08802207 x 10-4 = 2.088 x 10-4m/s

Breakdown
Top Line
(920 x 10-7) x (0.2) = 1.84 x 10-5
Bottom Line 
 x 0.052 x 0.068 x (165) = 0.08812167393
Check
1.84 x 10-5
                                                    0.08812167393        =   2.08802207 x 10-4m/s

Test 2:
(185 x 10-6) x 0.2
 x 0.05 x 0.068 x (330)

Answer = 2.099370016 x 10-4 = 2.099 x 10-4m/s

Breakdown
Top Line
(185 x 10-6) x 0.2 = 3.7 x 10-5
Bottom Line 
 x 0.052 x 0.068 x (330) = 0.1762433479
Check
3.7 x 10-5
                                             0.1762433479       =  2.099370015 x 10-4

Test 3:
(36.8 x 10-5) x 0.2
 x 0.052 x 0.068 x (660)  =  2.0880207 x 10-4 = 2.088 x 10-4m/s

Breakdown
Top Line
36.8 x 10-5 x 0.2 = 7.36 x 10-5
Bottom Line
 x 0.052 x 0.068 x (660) = 0.3524866957

Check
7.36 x 10-5
                                                0.3524866957    =   2.08802207 x 10-4m/s

Average Calculation
2.088 x 10-4 + 2.099 x 10-4 + 2.088 x 10-4 = 6.275 x 10-4
6.27 x 10-4 
        3                =   2.091666667 x 10-4

Coefficient of Permeability = 2.092m/s
These results can then be classified using the classification of soils by K value table, shown in Fig 2. From this, it is apparent that the tested soil sample is a gravel sand mixture. All three samples assessed resulted in a figure ending in 10-4. This means they can all be classified as a gravel sand mixture. 
1.4 Conclusion
In 1856, French Engineer Henry Darcy determined that “The rate of water flow through a tube is directly proportional to the difference in height of the water between the two tube ends and is inversely proportional to the length of the tube”. This led to the development of Darcy’s law and the supporting mathematics it accompanies. Darcy also discovered that flow is proportional to a coefficient K, otherwise named the coefficient of permeability. Permeability in a geotechnical sense is defined as the measure of a rate of flow of groundwater. 
There are a number of factors that influence the coefficient of permeability, such as pore size, viscosity of pore fluid and soil structure. Determining the permeability of a soil type in a given site is detrimental to the success of the project as ground permeability can greatly affect a build. Highly permeable ground will allow rainwater to percolate to lower levels until impervious strata is reached. Water will then build up here and slowly begin to compromise the stability of the soil. Aquifers offer a natural solution for this, as well as the fact that clays and other low permeability soils will obstruct or contain the movement of water. Conducting sufficient testing and gaining reliable permeability values gives an idea of the capabilities of the soil contained on a site, as to whether it is suited to its allocated use. 
[image: ]Fig 2 - Classification of Soils by K Value
1.4.1 Evaluation of Testing Method
Evidently, the procedure surrounding the content head permeameter can be difficult to interpret, mainly due to the complexity of correctly arranging the permeameter cell. However, in terms of reliability, one can conclude that the results gained from such a testing method are accurate - hence why the testing method has been used in the industry for such a large period. In Sandolval’s (2017) report titled ‘Comparison between the falling head and the constant head permeability tests to assess the permeability coefficient of sustainable Pervious Concretes’ the following conclusions were drawn;
· The constant head permeability test is a viable and economical alternative to measure the permeability of the material.
· The experimental results showed a direct relationship between the porosity and the permeability as expected.
This highlights that the testing method still offers suitable results and is a suitable form of determining the permeability of a given soil. 









2.0 The Atterberg Limits
2.1 Introduction
The Atterberg limits entail the liquid limit, plastic limit and shrinkage limit of soils. The Atterberg limits have been used for over 50 years in the field of soil mechanics, due to the ability to measure moisture content at which tailings change from a plastic, to a semisolid, and to a liquid. The arithmetic difference between liquid and plastic limit (the plasticity index) is a useful indicator of likely soil properties (Williams 2016). 
This method is an alternative for the determination of the liquid limit of a sample of natural soil, or a sample of soil which has been filtered using a 425 μm test sieve. The use of the Casagrande equipment is an accepted procedure, yet experience has shown that it is difficult to maintain the apparatus in accordance with the standard, meaning the results are subject to the judgement of the operator. The cone penetrometer is a preferred testing method, but if sufficient care is taken during the Casagrande apparatus maintenance, satisfactory results can be obtained. 
2.2 Methodology
2.2.1 Apparatus
· A flat glass plate (around 10mm thick and 500mm square).
· Two spatulas or palette knives.
· A mechanical device that satisfies the essential details, see fig 4. The base must be made of a vulcanised rubber of hardness between 840 and 940 IRHD and resilience between 20% and 35% determined in accordance with BS 903. 
Note: The formulation of rubber is specified in BS 1154 for type Z compounds. The hardness is to be tested every 2 years, with the use of a hardness tester as specified in BS 903: Part A26. 
· A grooving tool and gauge. 
· Apparatus for moisture content determination of fine-grained soils as previously specified.
· A corrosion-resistant airtight container large enough to take 200g to 250g of wet soil. 
· A wash beaker containing distilled water in compliance with 5.1 of BS 1377: Part 1: 1990. 
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                         Fig 3 - Grooving Tool                             Fig 4 - Casagrande Device
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Description automatically generated]                  Fig 5 - Container                                                             Fig 6 - Spatula
[image: A picture containing text, businesscard, envelope

Description automatically generated][image: Text

Description automatically generated with low confidence]                Fig 7 - Soil Specimen                                                        Fig 8 - Glass Plate
2.2.,2 Procedure
· Take a sample of around 300g from the soil paste and place on the glass plate. 
· Mix the prepared paste for at least 10 minutes, using the two spatulas. If necessary, add more distilled water so that the first blow count is close to 50 blows. 
Note: Some clays of high plasticity may require 40 minutes of continuous mixing to gain reliable results. 
· With the resting on the apparatus base, place a portion of mixed soil in the cup and level the surface parallel to the base. Ensure no air is trapped. 
· Divide the soil in two equal parts using the grooving tool, by drawing the tool from the hinge and towards the front, in a continuous circular movement. The chamfered edge of the grooving tool should face the direction of the movement. 
Note: Soil with a low-plasticity index is difficult to cut with a smooth groove of the tool. If a smooth groove cannot be obtained, the soil is non-plastic, and it should be recorded that the liquid limit cannot be calculated using this method - the cone penetrometer method is suitable for this type of soil. 
· The crank handle should be turned at a rate of 2 r/s, so that the cup is lifted and dropped whilst the number of bumps is being recorded. This is to be continued until the two parts of the soil come in contact at the bottom of the groove, along 13mm (measured with the end of the grooving tool). 
· Add a small amount more of the prepared soil from the glass plate and mix it with the soil in the cup. 
· Repeat the above two steps until two consecutive runs give the same number of bumps for closure. 
Note: If soil sliding occurs pm the surface of the cup, rather than a flow, the test should be repeated until flown is achieved. If it does not, the test is not applicable. 
· Take around 10g of soil with a spatula from the sample that just flowed together. Place in a suitable container and determine the moisture content. 
· Repeat the above at least three more times using the same soil sample, to which further increment of distilled water have been added. The amount of water added should be sufficient enough for four or more moisture contents plots that are evenly distributed over the range of 10-50 bumps. 
Note: If soil must be left for a period on the glass plate, it is to be covered with an evaporating dish or a damp cloth to prevent drying. 
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Fig 9 -Testing Process Outline
2.2.3 Expression of Results
· Calculate the moisture content of each test sample and express the results.
· Plot the relationship between the number of bumps and moisture content on a semi-logarithmic chart, expressing the percentage of moisture as ordinates on the linear scale, with the number of bumps on the logarithmic scale. 
· A line of best fit is drawn between the plotted point, to be referred to as the ‘flow curve’. 
· Using the flow curve, read the moisture content corresponding to the abscissa of 25 blows, to the first decimal place. 
· Express this moisture content as the nearest whole number, as well as reporting the liquid limit. 
2.2.4 Test Report
The test report affirms accordance with BS 1377 and as such, must contain the following; 
· The test method used.
· The value of the liquid limit.
· The percentage of material passing the 425 μm test sieve.
· The history of the sample - state of testing.

2.2.5 Determining the Plastic Limit 
2.2.6 Apparatus for Hand Rolling Method 
· A ground glass plate of a square shape, with a width of 30cm and thickness of 1cm.
· A Spatula with a blade 10-13cm long and 2cm wide.
· A drying oven 
· A metallic rod 10cm long with a diameter of 3.2cm. 
· Containers
· Weighing balance (accuracy 0.01g).
2.2.7 Method
· 20g minimum of soil selected from the prepared sample.
· The water content is reduced until the soil is able to be rolled without sticking to the hand. 
· After sufficient drying, about 1.5g of the specimen from the prepared plastic limit specimen is taken.
· The taken mass is then rolled into an ellipsoidal shape. 
· The mass is hand rolled, between the palm or fingers and the glass plate. The mass should be rolled into a uniform diameter throughout its length. The thread is then further deformed until a diameter of around 3.2cm is met. 
· The thread is broken into several slices and squeezed back together, ready to be reformed. 
· This is repeated until a thread of 3.2cm diameter cannot be met and the thread crumbles. 
· The crumbled pieces are collected in a container of a known mass and covered immediately. 
· Another 1.5g is taken and the first 3 steps are repeated until the container contains 6g of the soil sample. 
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Fig 10 - Hand Rolling Process Outline

2.3 Results and Analysis
Results Table
	Test No.
	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 and container
	9.43
	13.34
	13.39
	12.89
	8.01
	9.40
	8.18

	Weight of dry soil and container
	8.02
	10.66
	10.68
	10.24
	7.24
	8.31
	7.39

	Weight of container
	4.72
	4.69
	4.69
	4.72
	4.73
	4.73
	4.81

	Weight of moisture
	1.41
	2.69
	2.71
	2.65
	0.77
	1.09
	0.79

	Weight of dry soil
	3.3
	5.97
	5.99
	5.52
	2.51
	3.58
	2.58

	Moisture content
	43%
	45%
	45%
	48%
	30.68
	30.45
	30.62

	Number of blows
	32
	22
	19
	15
	n/a
	n/a
	n/a




2.3.1 Production of Liquid Limit Graph
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Fig 11 - Liquid Limit Graph

2.3.2 Liquid Limit Analysis
[image: ]
Fig 12 - Liquid Limit Analysis Graph


By assessing the liquid limit analysis graph, two lines have been drawn at the 25-blow point mark. The area now highlighted by these two additional lines is the liquid limit. The moisture content can also be read through the use of these two additional lines, at the point where the y axis is intersected. 
Moisture Content 44.7%
Liquid Limit = 44.6
Plasticity Index = 14.02
Plastic Limit = 30.68 + 30.45 + 30.62
                                                3                            = 30.58
The plasticity index is then used to classify the soil type by plotting the plasticity index against the liquid limit. This is done using the plastic range graph displayed in fig 13. From my results, the soil type can be classified as an intermediate silt. 
Remarks - Predominance between 2-40 microns. 

[image: ]
Fig 13 - Plasticity Range


2.4 Conclusion
Soils that are intended to support structures, pavements and differing forms of loads must be evaluated by geotechnical engineers, to predict behaviours under applied forces and varying moisture conditions. Geotechnical testing involves laboratory testing methods that determine particle size, shear strength, moisture content and the potential for expansion and shrinkage. The Atterberg limits testing procedure is widely used to establish the moisture content at which fine-grained clay and silt soils transition between liquid, semi-solid, plastic and solid states.
In 1911, Swedish chemist Albert Atterberg defined the limits of soil consistency for the classification of fine-grained soils. He concluded that plasticity is a unique property of cohesive soils and recommended classifying soils with a particle size of 2µm or less as clays. Arthur Casagrande recognized the value of characterizing soil plasticity uses in the early 1930’s and understood the applications of this in the geotechnical engineering field. Casagrande standardized the testing method that led to the determination of the liquid, plastic and shrinkage limit of soils. 
An example of a case study that successfully conducted the testing method and evaluated their findings is titled ‘Geotechnical Evaluation of Foundation Soils for a Building’ by the Department of Civil Engineering, Wolaita Sodo University, Ethiopia. The aim of the investigation was to determine the basic shear strength parameters of the soil, which is an important parameter to determine bearing capacity of the soil. Liquid limit was determined using Casagrande method as outlined in test method ASTM D 4318. The liquid limit of the in the tested soil as 81%, its plastic limit was 55.57% and index of plasticity was 24.43%. The clay activity (plasticity index, PI/clay fraction) is 0.68. From these findings, the following conclusions were drawn;
· The soil sample are classified as A-7-5 according to the AASHTO classification system, while according Unified Soil Classification System (USCS) classifies the samples as CH, which is an indication of high plasticity clay. 
· The allowable bearing capacity of soil in the study area is found to be more than 300kPa and this showed the soil in the study area generally have good load carrying capacity.
Lollo (2016)
The importance of determining the Atterberg Limits is highlighted by this case study, yet this does not explain exactly why this testing method is as successful as it is. The determination of the liquid limit, plastic limit and shrinkage limit are detrimental to the success of this testing method. The liquid limit can be defined as the water content from which a soil changes from a plastic to liquid state, with the plastic limit being the point at which the soil changes from a plastic to a semi-solid state. The shrinkage limit is explained as the water content at which a further loss of moisture does not decrease the specimen’s volume. 
Determining and understanding these terms are highly important as these limits allow the classification of fine-grained soils, calculation of clay activity and a toughness index of a soil to be determined. These factors allow a picture to be painted of the state of consistency of a soil in a given site. The consolidation properties of a soil can be predicted, allowing the calculation of bearing capacities and the settlement of foundations. 
The plasticity index indicates the size of the range between two boundaries, those being the plastic limit, which is subtracted from the liquid limit. Soils with a higher plasticity index have a higher clay content. If the plasticity index value is greater than the mid 20’s, the soil may be expansive under wet conditions, or shrink in dry conditions. Soils with a high plasticity index tend to be predominantly clay, while those with a lower plasticity index tend to be predominantly silt. Soils with a high plasticity index are highly compressible. Plasticity index is also a measure of cohesiveness with high value indicating a high degree of cohesion. Experience shows that soils with high plasticity index are much less desirable for sub grade or base course than those having less indexes.
Another key factor is the liquidity index. This is determined by subtracting the plastic limit from the natural water content of a sample and then dividing by the plasticity index. Soils with a liquidity index of 1 or greater will be closer to a liquid state. An index of 0 or below indicates more brittle soils. This highlights how understanding the liquidity index allows the prediction of soil properties at differing moisture contents. 
The consistency index is the liquid limit of the soil, minus the natural moisture content, divided by the plasticity index. It is related to the liquid limit and indicates relative shear strength. As consistency index increases, the firmness, or shear strength of the soil also increases.
Understanding these factors and how they can help to build a picture and predict the behaviour of a soil in a certain condition is detrimental to any geo-technical assessment and with the Atterberg limit testing method allowing such a range of a factors to be calculated, one understands the importance this testing method has on the industry as a whole. 
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