CN214

Tutorial sheet 1 – Soil structure, classification and permeability  ANSWERS
Q1:

Determine the void ratio of a dry soil whose bulk density is 1.67 (Mg/m3).  The specific gravity of the soil particles is 2.70.
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Q2:

A fully saturated clay sample has a volume of 185 ml and weighs 331g. The specific gravity of the soil particles is 2.67. Determined the void ratio, porosity, moisture content and bulk density.
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Q3:

Sample of three soils were passed through a nest of BS sieves. The results are given in the table below. Use these data to plot the grading curves of the soil samples and provide a initial classification.  Suggest any other tests that could be performed for a complete classification.

	BS sieve No.
	Sieve aperture
	Weight retained on each sieve (g)

	
	(mm)
	E
	F
	G

	3/8”
	6
	0
	0
	0

	7
	2
	0
	0
	70

	25
	0.6
	0
	0
	18

	72
	0.2
	0
	62
	12

	200
	0.06
	38
	4
	0

	
	0.02
	12
	0
	0

	
	0.006
	4
	1
	0

	
	0.002
	6
	18
	0

	
	Less than 0.002
	40
	15
	0


For each sieve
Percent passing = (Total mass - cumulative retained mass including current sieve) / (total mass ) 
NB: For convenience the total weight of each sample was set to 100g.

	BS sieve No.
	Sieve aperture
	Percent passing

	
	(mm)
	E
	F
	G

	3/8”
	6
	100
	100
	100

	7
	2
	100
	100
	30

	25
	0.6
	100
	100
	12

	72
	0.2
	100
	38
	0

	200
	0.06
	62
	34
	0

	
	0.02
	50
	34
	0

	
	0.006
	46
	33
	0

	
	0.002
	40
	15
	0
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Additional particle grading test (sedimentation) and liquid and plastic limits on the fine grained soils  (E and F) could be performed.

Q4:

A BS fall cone test was carried out on a sample of boulder clay yielding the following results.

Cone penetration (mm)

15.9
17.1
19.4
20.9
22.8

Moisture content (%)

32.0
33.4
33.8
36.0
37.0

Determine the liquid limit of the soil.
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From graph of data liquid limit is defined as the moisture content at a penetration of 20 mm
LL = 35 % 

NB:  The data set is very poor and shows a lot of scatter.  Probably not a very reliable result !

Q4:
A falling head permeability test was conducted on a sample of clean uniform sand. The initial hydraulic head was 90cm, the final head 40cm and 1 min was required for the head to drop in the standpipe of cross sectional area of the standpipe was 1cm2.  The sample was 4cm in diameter and had a length of 18cm. Determine the hydraulic conductivity.

Refer to lecture notes or text book for analysis of falling head test.

The solution is given in terms of the time interval (t) for a head drop (H1 - H2)
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For this test    a = 1 cm2 ; A = 12.5 cm2 ; L = 18 cm; H1 = 90 cm; H2 = 40 cm

Rearranging (1) for k and solving with above values;
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Q5:

Strata underlying a site is composed of four layers the permeability properties of which are of importance.  If the strata thicknesses and associated permeabilities are as given in the table, calculate the equivalent permeability of the layered system in both the horizontal and vertical directions.

	Strata 
	Thickness (m)
	Permeability cm/sec

	A
	3.3
	18 x 10-2

	B
	1.3
	61 x 10-3

	C
	1.1
	32 x 10-5

	D
	3.3
	52 x 10-8


This is  a straight forward question using the expressions for average horizontal and vertical permeabilities, the derivations of which are given in your notes;

Horizontal permeability or hydraulic conductivity
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Vertical permeability or hydraulic conductivity
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Q6:
An unconfined sand aquifer is 9.0m thick with a  water table 1.5m below ground level and clay underneath. It is required to lower the water table at a point to 3.5m by pumping from a well, 300mm diameter, at a distance of 5 m away from the point. The coefficient of permeability of the sand is 8 x 10-4 m/sec. Determine the pumping rate required and the highest level the pump can be placed in the well.

This example requires the following additional information for solution.
Assume the radius of influence ( i.e the distance at which pumping has no effect) is Ro = 750 m.  This value is obtained from BS 5930 but should have been given in the question.

Since the drawdown is a significant proportion of the saturated thickness then a correction should be applied to the drawdown

Corrected drawdown 
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So = required (or observed) drawdown = 3.5-1.5 = 2.0 m
ho = initial saturated thickness = 9 -  1.5 = 7.5 m
General expression for permeability calculation in unconfined aquifer is given by
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Rearranging (as k is known) and solving for q where 

r2 = ro =750 m 

h1 = 7.5-1.73 = 5.77m 

h2 = ho =0
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To determine the highest level the pump can be place in the well the effective radius of the well is assumed to be 1.2 x well diameter (this information is found in BS 5930)
For a water level (hw) adjacent to the well at a radius r = rw = 1.2 x 0.15 = 0.18 m then hw can be estimated from
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The corrected drawdown Sc = 7.5-4.3 = 3.2 m therefore the required drawdown

So = 4.63 m
Finally some allowance should be made for well losses, say 33 % 

so final required drawdown would be 4.63 x 1.33 = 6.2 m
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