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[bookmark: _Toc36817368]Introduction
The constant head test is an experiment set up to determine the coefficient of permeability of a soil in coarse grain soil. The coefficient of permeability is a measurement of how easily a liquid can move it way through a soil. This experiment enables engineers to predict the behavior of water within the ground when designing structures.
[bookmark: _Toc36817369]Methodology
This annotated diagram shows how the constant head test is set up:
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Figure 1 (university, 2011)
Firstly, gather the soil that requires testing a container and measure the total mass so that we can then establish the total amount of soil used in the test. The test cylinder needs to be filled compacted in three layers. Once the cylinder Is full and set up securely the intake line for the cylinder can be connected. The two tubes for the monometers can also be connected. Once everything is connected the reservoir can start to be filled but the cylinder in take tube must be clamped until the reservoir reaches a steady fill rate. This means that water is going to the overflow sink. 
Water can be run through the soil sample. Before any measurements on the flow rate can be taken water must be allowed run through so that any air voids can be removed that could cause false results. Once fully saturated flow rate can be measured from the sample. Take a container and measure its mass then using a stop watch aim to fill the beaker to a specific point and record how long it takes to reach that certain volume e.g. 200ml. Doing this should give the time it took to reach 200ml, and the actual mass of the water in the beaker. This test then needs to be repeated each time aiming for a different amount of volume in the beaker. Before the test can be packed away measurements need to be taken on the monometers. The monometers are for measuring pore water pressure at specific points. The total head of the top monometer, the total head of the bottom monometer then the difference between them needs to be noted. Once this has been complete a full set of results can then be achieved ready for analyzing. (university, 2011) (BSI, 1990)
[bookmark: _Toc36817370]Results & Analysis
These show the results of the falling head test & the analysis of the results:

[image: ] Figure 2 Taken from Lecture Notes

[image: ]Figure 3 Taken from Lecture Notes






[bookmark: _Toc36817371][image: ]Experiment Result AnalysisFigure 4 Taken from Lecture Notes

Using the coefficient of permeability formula and the results for the constant head test we can calculate the coefficient of permeability as shown in the workings above. This is done be pugging in the flow over time, the area of flow, the length of flow line, the hydraulic head difference and the time in seconds from the experiment. Once the coefficient of permeability has been calculated for every time the experiment was repeated in the case 3 ties. An average can be taken to ensure accurate results. In this case the average was 2.092x104. This value can now be related to Darcy’s table of coefficient to classify the sample type. In this case it is classified as a clear sand/Gravel Sand mixture. 





[bookmark: _Toc36817372]Conclusion

The purpose of the constant head test is to identify the permeability of soil types with a larger particle size like gravels. In this case we had a result of 2.092x104 meaning that we were dealing with a clear sand/Gravel Sand mixture. This This value is the coefficient of permeability (k) and can vary in soil due to different factors. (Kney, n.d.)
[image: Protect your soil from compaction]The grain size certain soil can greatly affect the permeability of the soil. In clays as the particles are so small, they are closer together causing clays to have a lower permeability. This is due to the high cohesion within the structure of clay caused by high friction as the smaller particles have higher surface area for friction to act on. On the opposite of clays, the structure of gravel and sands is different. The structure of sand has much bigger and rounder particles which means that the structure has a higher void percentage. This increases the permeability as the soil structure therefor has low cohesion as there is less surface area foe the particles to have friction between them.
[image: ]As well as the grain size the structure and shape of the soil particles also effects its permeability. In clays the structure is organized and built up on each other in blocks leaving little room for any voids. This also increases the surface area for cohesion. 
In gravels and sands the particles are round meaning that the grains can’t get as close together meaning lower friction and higher voids. The compaction of these structures will also affect how the structure is made up as it will reduce the percentage of voids as the grains get closer together.Figure 5 (https://www.dpi.nsw.gov.au/agriculture/soils/structure/compaction)

The viscosity of pore liquid will also affect the permeability of a soil. The lower the viscosity of the liquid traveling through the soil the easily it will be for the liquid to make its way through the soil and vise-versa. (Goel, n.d.)
Understanding the permeability of soils on site is crucial in effective civil engineering. Understanding how the water will react when building a structure will enable an efficient structural design. An example of this would be in drainage, when building a soak away drain is crucial that the soak away leads to high permeability soils so that the water can escape and not build up. Therefore, clean stone is frequently used in construction in drainage as it has low cohesion due to its high grain size and low cohesion. Another example of how permeability can be used from an opposite point of view is the building of ponds or reservoirs. It is essential that the soil used beneath the water has high cohesion and as little permeability as possible to ensure that the water doesn’t just soak away and lasts overtime. (FAO, n.d.)
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[bookmark: _Toc36817374]Introduction
The Atterberg limits are classifications that we can give to soils to be able to predict how they will behave in their natural environment through a series of tests. These tests are designed for fine grain soils like clay. The Atterberg limits give the liquid and plastic limit of a soil, these limits relate to their water content and the test applies physical changes to see how they react. These values are very useful to civil engineers as once specified, appropriate planning and design can be put in place to ensure adequate structural support from the ground, for any given structure. 
[bookmark: _Toc36817375]Methodology
[bookmark: _Toc36817376]Liquid Limit
[image: ][image: Image result for atterberg apparatus groove tool][image: Image result for atterberg apparatus]To determine the liquid limit of a soil sample the use of a Casagrande apparatus is required. Firstly, to start the experiment four different containers must be prepared. This is to ensure accurate results by repeating the experiment this will help identify any anomalies. Once they have been prepared, they must be weighed by themselves so that we can identify the exact amount of soil that will be placed in them. Using a sperate mixing bowl get a large amount of soil roughly 250g and start to mix the sample with water. Slowly adding water and mixing until it is at a clay consistency. When mixing the soil and water it must be considered that the soil will be at the correct consistency. This is so that when placed on the Atterberg apparatus its central groove gap will close over 30-35 drops of the to create a 12mm closure this is to conform with BS 1377-6 (BSI, 1990). The Atterberg apparatus is a plate that continually drops at the same height over and over through a lever that can be rotated at the back. Once the sample of soil is placed onto this plate using a calibrated gauging tool a groove must be cleared through the middle of the sample. The soil must be spread across the plate at a thickness of approximately 10mm returning excess soil to the bowl. Once the apparatus is set up with the soil spread and the groove has been cut the drop counter must be set to zero to ensure the correct number of drops recorded. The plate must be dropped at a constant pace of approximately two revolutions every second until a closure of 12mm is created between the two separated samples again conforming with the BS1377–6 (BSI, 1990) standards for soil testing.  Record the number of drops on to a table. Once recorded remove a slice of soil the width of a spatula from the apparatus and place into one of the four containers previously weighed. Then weigh the content of wet soil plus the container, his will give the amount of wet soil. Once this is complete place the container into an oven for drying. This needs to be repeated for the remaining 3 containers but each to time increasing the moisture content so that the number of drops required will reduce. You should aim for the number of drops to be between 15 and 35 with. Figure 8 https://www.humboldtmfg.com/liquid-limit-atterberg-limits.html
Figure 7 (ControlsGroupUSA, n.d.)
Figure 6 photo From experiment


[bookmark: _Toc36817377]Plastic Limit
To determine the plastic limit of a soil we can use the same soil left over from the pervious liquid limit test. This soil however needs to be dried by either adding more dry soil to the sample or it may be air dried. Once complete roll up a small ball of clay with your hands and when slight cracks begin to appear this must be split up into three separate balls of about 10g each. These balls must be then individually rolled out to a diameter of 6mm, to do this use a measuring rod to compare. It must always be noted that when rolling out the clay to maintain uniform rolling pressure. This should encourage that cracks and breaks are due to the moisture content and not down to the physical force that’s being applied to it to ensure accurate results. Once at 6mm the clay needs to be rolled down to a diameter of 3mm (BSI, 1990) at this point the clay should start cracking and break. If not the clay sample either needs more moisture or less moisture. Once it has cracked at the 3mm diameter collect a sample and place in a container repeating this 3 times. The container then needs to be weighed before being placed in the oven so that the difference in moisture can be collected once dried.
[bookmark: _Toc36817378]Results & Analysis
This Table shows the results acquired from the liquid and plastic limit tests:
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Figure 9 Experiment Notes

[image: ]This Graph shows the results of liquid limit tests plotted to a y axis of moisture content and an x axis of number of blows:






Figure 10 Experiment Notes

[bookmark: _GoBack]To find the liquid limit of a sample a graph must be produced. The Y axis must consist of moisture content and the x axis must contain the number of blows required to reach the 12mm gap. Once these points have been plotted for the 4 containers a line of best fit must be drawn through them. Then at the 25 blows on the x axis a straight line must be drawn up to the one of best fit so that this can be compared to the moisture content. Once this vertical line has been drawn come off that point at 90 degrees across to the moisture content. This value gives the liquid limit. The liquid limit is the transition of a soil from a liquid state to a plastic state or vise-versa due to its moisture content. The liquid limit of this soil sample is 40.5%.
The plastic limit is calculated by the average moisture content of the three samples. (the moisture left after drying) The plastic limit is the moisture content limit between a plastic state and a semi-solid state. The plastic limit of this soil is 27.3%.
The plasticity index is the range between the two limits. The plasticity index of this soil sample is 13.2%.
[bookmark: _Toc36817379]Conclusion
As part of concluding the experiment using the figures for the liquid limit and plasticity index, we classify the soil on a plasticity chart. Using the chart, the sample is there class as a silt as it lays below line A as well as having an intermediate upper plasticity range. 
[image: ]
Figure 11 Lecture Notes

The liquid limit is significant in civil engineering as it states the percentage of moisture that changes the state of a soil from liquid through to a plastic. This information is essential when designing structures because depending on the state of the solid the soil will have major differences in structural strength. The tests allow us to predict how the soil will behave in its natural environment to ensure that the soil can withstand the structure. (Mustaq, n.d.)



The use of the plastic limit is also essential in civil engineering as it gives the minimum moisture content at which soil can be deformed plastically. This information can then be used to predict how well a soil can be compacted on site, as compaction is essential in ensuring enough structural support the plastic limit also enables engineers to predict how different soils will react in their natural environment. We can then identify when we have clays as they have a higher plastic limit which influences site conditions due to how they react with water. This also means that silts and sands are non-cohesive meaning that they have no plasticity so cannot be rolled. (Dean, 2016)
Used in correlation with each other the liquid and plastic limit of a soil give engineers an idea of how solid will behave in their natural environments to ensure that any type of structure will perform efficiently. A common example of this could be the use of these figure to predict foundation settlement of a structure, to ensure that structures are designed to cope with the settlement over time.
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