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Introduction
	Hundreds of structures are built every year in Ottawa alone, on all different kinds of soil. It is important to know the load bearing properties as well as how the soil will behave under loading. These parameters vary depending on the location of the site and can very even over such a small distance as 10 meters. This can be dangerous and cause severe damage to the structure over time. In this lab we will be addressing consolidation, which involves how a given soil sample will compact/settle over time. This is important because with the possibility of the soil parameters changing over a short distance, it is entirely possible that one corner of the structure will settle more than another. For example The Leaning Tower of Pisa.
	This test is important because it provides the information required to determine the rate of consolidation. This value represents the rate of settlement over time. It is important to note the assumption that the settlement only occurs in the vertical direction. 
	This report includes: The data recorded in the lab session, their related plots, sample calculations, and a discussion of the conclusions reached. The calculations determine:
· The height of the sample after consolidation
· The volume of voids both before and after consolidation
· The void ratio before and after consolidation
· The coefficient of consolidation
There are multiple plots included in the lab: 
· displacement gauge readings vs the logarithm of time (which is used to determine d0, d100, d50, and t50)
· displacement gauge readings versus the square root of time (which is used to determine the time for 90% primary consolidation, t90) 

Equipment and Procedure
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Figure1: (Consolidometer)			    Figure 2:
	The consolidation apparatus 		    The sample is placed in this     transfers the load applied on the 		    cylinder which ensures that the load is sbronze disk which transfers the load 	    entirely placed in the vertical direction directly onto the soil sample. 		    to the sample.
Procedure:
Procedure	
*The procedure was taken from page 18 from the CIVE 3208 Geotechnical Mechanics Laboratory manual, last revised by Mohammed T. Rayhani in September 2014.

1. Prepare the soil specimen for the test. Trim the soil sample to a size slightly larger than the consolidation ring. 
2. Determine the mass of two soil moisture containers. Place a sample of the soil trimmed from the soil specimen in step 1 into one of the soil moisture containers. Weigh the soil sample and the container. Clearly label the soil moisture container. 
3. Determine the mass of the consolidation ring. 
4. Press the soil sample into the consolidation ring and trim the top and bottom of the sample with a thin wire saw. 
5. Determine the mass of the consolidation ring and the soil sample. Determine the initial height of the sample, H. 
6. Saturate the upper and the base porous stones of the consolidometer. 
7. Place the soil specimen and consolidation ring on top of the base porous stone. 
8. Place the saturated upper porous stone on the soil specimen. 
9. Attach the top portion of the consolidometer to the base. 
10. Fill the volume inside the consolidometer with water such that the top porous stone is in contact with the water. 
11. Place the consolidometer in the loading device. 
12. Attach and/or adjust the vertical deflection gauge to measure the compression of the soil sample. The gauge should be near the beginning of the release run so that as the load is applied and compression of the soil sample occurs, the displacement of the top porous plate can be measured. 
13. Apply the load to the soil specimen. For the ASTM test procedure, the applied load is such that the pressure on the specimen is 47.88 kN/m2. For this laboratory add a 4 kg load to the loading device. 
14. Record the vertical displacement gauge at the following times from the time the load is placed on the soil specimen: 0 sec., 15 sec., 1 min., 2.25 min., 4 min., 6.25 min., 9 min., 12.25 min., 20.25 min., 25 min., 36 min., 1 hr., 2 hr., 4 hr., 8 hr., and 24 hours. 
15. For the ASTM test procedure, the load is increased by 100 percent on four consecutive occasions (e.g., 12, 25, 50 and 100 kPa) taking reading between each loading as outlined in step 14. For this lab only the first loading is required due to time restrictions. 
16. At the end of the test, determine the mass of the soil sample and consolidation ring. 
17. Place a small soil sample in the second soil moisture container and weigh the container and the soil sample. 
18. Place the soil moisture containers in the oven. 
**It is important to note that for a “true” consolidation test, it is important to increase the load after 24… For example begin with a 4 kN load, then increase to 8kN then 16kN, then 32kN and so on. **

Theory and Objectives
	The logic behind the consolidation lab is simple. It simulates a soil sample being compressed due an external load. This load can either be due to new construction above and a building being placed on top or a change in the pore water pressure surrounding the sample. When an external load such as a building is placed on top of the sample, it begins to settle. Settlement is the process where the soil is compressed causing the water held within to be forced out until the volume of voids has decreased to the point of maximum consolidation. I.e. cannot be compressed any more. For the case of the change in pore water pressure, this is caused when there is a change in elevation of the ground water table. This goes hand in hand with the addition of a load because once the water is forced out of the sample, it then increases the height of the ground water table. This excess water does not stay stationary; it flows through the soil at a very slow rate so that the ground water table can return to equilibrium. As the water dissipates, the stress on the soil increases which again forces consolidation.
	From an engineering perspective this theory is extremely important because whatever is being built whether it be a building or a runway for airplanes, almost every design places a load the ground. This load will be transferred though the soil changing its properties over time and as these properties change, it will affect the load that the soil will be able to support. As an engineer, these changes in the properties are used to determine the factor of safety of the structure and overall, determine if it is a “safe” structure. In the case of the soil not reaching a specified factor of safety, the engineers will modify many parameters to make it a safe structure. This could be anywhere from putting piles down to bed rock to reduce the load applied to the soil, or simply excavating the soil and replacing all or just a portion to withstand the applied load.
















Discussion and Results
Results:
	Time(supposed to be measured at)
	Time (as the computer measured)
	
Log(t)
	
√(t)
	Gauge reading (cm)
	
Displacement
(cm)

	0 s
	0 s
	0
	0
	0
	2

	15 s
	18.43 s
	1.26553
	4.29301
	0
	2

	1 min
	35.63 s
	1.55180
	5.96900
	0.003215
	1.996785

	2.25 min
	1.55 min
	1.97023
	9.66302
	0.004823
	1.995177

	4 min
	3.60 min
	2.33493
	14.70499
	0.016076
	1.983924

	6.25 min
	7.00 min
	2.62344
	20.49829
	0.020899
	1.979101

	9 min
	15.13 min
	2.95805
	30.13194
	0.028937
	1.971063

	12.25 min
	30.33 min
	3.259966
	42.65628
	0.035368
	1.964632

	20.25 min
	45.54 min
	3.436546
	52.27248
	0.041798
	1.958202

	25 min
	60.43 min
	3.559381
	60.21300
	0.043406
	1.956594

	36 min
	1.26 hr
	3.655850
	67.28603
	0.045013
	1.954987

	1 hr
	1.51 hr
	3.734933
	73.69986
	0.046620
	1.953380

	2 hr
	1.99 hr
	3.856569
	84.77828
	0.051443
	1.948557

	4 hr
	4.01 hr
	4.159453
	120.1507
	0.059481
	1.940519

	8 hr
	8.01 hr
	4.459929
	169.8105
	0.064304
	1.935696

	24 hr
	24.01 hr
	4.936671
	293.9920
	0.075557
	1.926050


**The times vary because of the computer program.. for some reason it did not record at times close to the desired intervals throughout the beginning so the data changes slightly.
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Figure 3: displacement vs logarithm of time (Casagrande method)

Figure 4: Displacement gauge vs square root of time graph (Taylor method)
Discussion:
	In this experiment the objective was to determine the characteristics of clay when an applied stress acts on the soil. This will be observed over a period of time. Gauges were attached to the sample so data was able to be collected. This data was the time and gauge reading. This data was manipulated to construct a graph of the displacement gauge reading vs the logarithm of time (seen in Graph 1). This graph was then used to interpolate d0, d100, d50, and t50. This method is called the Casagrande and Fadum method.  By using d0 and d100 the Ht was solved for, can be seen in sample calculations. d50 was also found by adding d0 and d100 then dividing by 2. The coefficient of consolidation was solved for using Ht and t50. Graph 1 had a good shape to it but by allowing for more time for consolidation the graph would've plateaued , which is what the graph should be shaped like. Another graph was made from the data,  displacement gauge reading vs the square root of time, also known as the Taylor method (Graph 2). By using this graph t90 was solved. By using t90 and the Ht the consolidation coefficient was solved for. This graph had a good resultant shape that looked similar to what it should look like.
	In this experiment the height of the specimen, the height of the voids, and the new void ratio before and after consolidation were calculated. Before compaction void ratios was solved for by assuming Gs was equal to 2.65 and saturation was equal to 1. The porosity was then solved for by using the void ratios previously solved. The height of solids was found by using the original height of the specimen and the porosity. The height of voids was found by subtracting the height of the datum which was 20mm with the height of the solid. After compaction the height of voids was found by subtracting the final compaction height with the height of solids. The void ratio was found by dividing the height of voids with the height of solids. When comparing the void ratios before and after compaction the percents are very similar, this is due to the very small compaction that took place. So it makes sense that void ratio didn't alter to much. If the experiment allowed for longer compaction the results would be much more accurate. All calculations can be found in sample calculations and all the results can be found in the results table.
	The preconsolidation pressure and the compression index would be found by doing multiple consolidation trials with increasing loads. Use the void ratio and the stress that acts on the soil to form a semi log graph. Two curves on the graph will form. Where the two curves intersect represent the preconsolidation pressure. The slope of the stress curve after preconsolidation is the compression index.
Conclusion
	In conclusion, the lab was successful and the data and conclusions are accurate to what is expected. Over the 24 hours, the soil displaced/compressed in the vertical direction, causing the soil to settle and overall the void ratio to decrease. Due to this decrease in the void ratio, the water content of the soil also decreased. Changing the overall stress exerted on the soil.
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