Soil Permeability and Seepage
1. A sand sample of 35 cm2 cross sectional area and 20 cm long was tested in a constant head permeameter. Under a head of 60 cm, the discharge was 120 ml in 6 minutes. The dry weight of sand used for the test was 1120 g and Gs=2.68. Determine (a) the hydraulic conductivity in cm/sec, (b) the discharge velocity, and (c) the seepage velocity (Ans – 3.174 x 10-3 cm/sec, 9.52 x 10-3 cm/sec, 2.36 x 10-2 cm/sec)

2. [image: ] Two lines of sheet piles were driven in a river bed as shown in figure. The depth of water over the river bed is 8.20 ft. The trench level within the sheet piles is 6.6 ft. below the river bed. The water level within the sheet piles is kept at trench level by resorting to pumping. If a quantity of water flowing into the trench from outside is 3.23 ft3/hour per foot length of sheet pile, what is the hydraulic conductivity of the sand? What is the hydraulic gradient immediately below the trench bed? (Ans – 1 x 10-4 ft/sec, 0.50)

3. [image: ]A concrete dam is constructed across a river over a permeable stratum of soil of limited thickness. The water heads are upstream side 16 m and 2m on the downstream side. The flow net constructed under the dam gives Nf = 4 and Nd = 12. Calculate the seepage loss through the subsoil if the average value of the hydraulic conductivity is 6 x 10-3 cm/sec horizontally and 3 x 10-4 cm/sec vertically. Calculate the exit gradient if the average length of the last field is 0.9 m. Assuming e=0.56 and Gs = 2.65, determine the critical gradient. Comment on the stability of the river bed on the downstream side. (Ans- 0.626 cm3/sec, 1.30, 1.06. Since the exit gradient is greater than the critical gradient, the river bed on the downstream side will be subjected to quick condition.)
Effective Stress and Pore Water Pressure
1. The depth of water in a well is 3 m. Below the bottom of the well lays a layer of sand 5 meters thick overlying a clay deposit. The specific gravity of the solids of sand and clay are respectively 2.64 and 2.70. Their water contents are respectively 25 and 20 percent. Compute the total, Intergranular and pore water pressures at pints A and B as shown in figure. [image: ] [image: ]
2. 
[image: ]
3. A trench is excavated in fine sand for a building formation, up to a depth of 13 ft. The excavation was carried out by providing the necessary side supports for pumping water. The water levels at the sides and the bottom of the trench are as given in figure. Examine whether the bottom of the trench is subjected to a quick condition if Gs=2.64 and e=0.7. If so, what is the remedy? [image: ] (Ans- There will be quick condition. Critical hydraulic gradient = 1.54)
4. [image: ] A clay layer 3.66 m thick rests beneath a deposit of submerged sand 7.92m thick. The top of the sand is located 3.05 m below the surface of a lake. The saturated unit weight of the sand is 19.62 kN/m3 and of the clay is 18.36 kN/m3. Compute: (a) the total vertical pressure, (b) the pore water pressure and (c) the effective vertical pressure at mid height of the clay layer. (Ans – 218.9 kN/m3, 125.6 kN/m3, 93.3 kN/m3)
5. [image: ] The surface of a saturated clay deposit is located permanently below a body of water as shown in figure. Laboratory tests have indicated that the average natural water content of the clay is 47% and that the specific gravity of the solid matter is 2.74. What is the vertical effective pressure at a depth of 37 ft below the top of the clay? If the water level remains unchanged and an excavation is made by dredging, what depth of clay must be removed to reduce the effective pressure at point A at a depth of 37 ft by 1000 lb. /ft2? (Ans- 1754 lb./ft2, 21.1 ft)
6. [image: ] The water table is lowered from a depth of 10 ft to a depth of 20 ft in a deposit of silt. All the silt is saturated even after the water table is lowered. Its water content is 26 %. Estimate the increase in the effective pressure at a depth of 34 ft on account of lowering the water table. Assume Gs=2.7. (Ans- 624 lb./ft2)
7. 
[image: ]
[image: ]
8. 
[image: ]
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9. 
[image: ]
[image: ]






































[bookmark: _GoBack]
image5.png
1f water in the well in example 5.1 is pumped out up to the bottom of the well, estimate the change
in the pressuresat pints A and B given i Fig Ex. 5.1

Solution

Change in pressure at poins A and B

(@) Change in total pressure dectease in water pressure due o pumping

3%9.81229.43 kNim?
() Change in effective pressure = 0

(i) Change in pore water pressure

decrease in water pressure due (0 pumping
3%9.81 =20.43 KNim?
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A large excavation is made in a stff clay whose saturated unit weight is 109.8 I/ft’. When the
depth o excavation reaches 24.6 i, racks sppear and water begins o flow upwacd o brng sand to
the surfice. Subscquent borings indicate tha the clay is underlain by sand at a depth of 36.1 fi
below the origina ground surface

Wht s the depth of the water sble outside the excavation belows the oiginal ground lvel?

Solution
Making an excavation in theclay creates a hydraulic gradient becween the 0 of the sand ayer and
the boitom of the excavation. As 2 consequence, walerstarts seepin in an upward dirceton from
the sand layer towards the excavated floor. Because the clay has a very low permeability, flow
equilibrium can only be reached aftes  long period of ime. The solution must be considered ver
a short time interval

“The floar of the excavation a depth d i sable only ifthe water pressure , at the top ofthe
sand layer at a depih of 36.1 tis counterbalanced by the saturated weight 0, per unit arca of the
clay above it disregarding the shearstrength of the clay

Lec A = total thickness of clay layer = 36.1 1. d = depth of excavation o clay
i = depth of water tbe from ground surface, ,, = saturated unit weigh of the cay.
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6.1- 24

=) L5 1 the thickness of clay strata below the batom of the trench.
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A layer of slty soil of thickness 5 m lies below the ground surface at a particular site and below the
silt layer s  clay sratum, The ground woter table i at a depth of ¢ m below the ground surface
“The following data are vailabl for both the il and clay layers of soil.

Siltlayer: D, =0.018 mm, ¢ =07, and G, = 2.7

Clay layer: = 0.8 and G, =2.75

Required: (@) Height of capillary rise, (5 capilary pressure, (¢ the effctive pressure at the
ground surfuce, st GWT level, at the bottom of the siltLaer and ata epth of H =6 m below ground
level, and (d) at a depth 2 m below ground level,

Solution

Forthe silty soil:
oo Gt 202081
e 17

(G, +ey, _@T+07981
Toe 7

56 kN/m®

1962 kN/m*

Y=o -, =1962-981 =981 kNI m®

-
oL Capillary fringe oL )—5

ik P

;=78 S kNI

o= 8837 kN

[N p—

Effective pressure distibution diagram
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I the clay stratum:

PR T TV
Fw =T 1935 KN/m
7,=1935-981=054 KN/m*

(a) Heightof capillry rise

h

c
C per kg 95)
g PO

Assume C=05 . em.
0s
0700018

Itis clear from i that the plane of menisci formed by the capilary wate coincides with the
ground surface s the water able is also at  depth of 4 m from ground level.

(o) Capillary pressure

We have f, =397cmorsay40m

[T
O s = 1616 kN m
a = s E
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(e) The effective pressure at GL.
Since the plane of menisci coincides i

equal (0 the capilary pressure

Total effctive pressure at GWT levl,
Per Fig. Ex. 5.15

the ground surface, the effective pressure 21 GLis

56441616 = 7836 KN/ m?

Tt efecivepressre e oo f he i ey
“Th bt ofthe s yer s 1 depuhof 1 below GWT el The ffectivepressredue
ot dpn s
@981
ol ffcive presure,

BLRNIm?
(o = 78.56 5 9.81 = 88.37 KN

Total ffective pressure i a depth of 6 m below GL
“This point les inthe clay straum at depth of 1 m below the bottom of the sly lyer.
The increase in effctive pressure at this depth i

Y= 9541 29,54 KN
“The totl effective pressure o, = 88.37 + 9,54 =97.91 KNfm? = 98 kN

@) 07,312 m below GL

616+2x 15

7,36 KN

o= ury,
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Ata particular site lies a layer of fine sand 8 m thick below the ground surface and having a void ratio
0.7, The GWT st depih of 4 m below the ground surface. The average degree of saturation of the
sand sbove the capillry fringe is 0%, The soil s saturated due 0 capilary action o3 height of 20 m
above the GWT level. Assuming G, =265, calulat th total effecive pressures at depths of 6 m and
3m below the ground surfuce

Solution

G, _ 265%981
e L 265X981 159 oy md
Lre 17 529 kN1
e+, 269
RCITACE T ST

933-981=952 KN/

”
“The moistunit weight of soil abov the capilary fringe s

=t

G, +eS)y, _ (265+07%0)x!
1y = Gt _ QESHOTXONNOR 175 gy o
" el 7
Capillary pressure,
e 01 N
= T = T X208 808 KN/
Effectiv strsses o different levels
at o p 3462400
808 kN’
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(@) At ground level o'
(6) Overburden pressure a fringe fevel =
(©) Bfective pressure at fringe level
(@) Bffctive pressure a1 GWT level

3462 kNm?
1270 KN

x1731
34624808

(€ Effective pressure st 6 m below GL
0=+ by 27328 +2X95:

Efiective stress ata depth 3 m below GL.
Refer Fig. Ex. 516,

[ AT

4624808+ (3-2) x 152
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Pressure ai point A
() Totl pressure =397 (sand) + 6 x 981 = 29.1 + 389 = 88 KN/’
(i) Efective pressure =3 x 97 = 29.1 KN/m?
(i) Por wate pressure = 6 X 9.81 = 56.9 KN/’

Pressure a point B

) Total pressure =597+ 2 1083 + 10 x 931 = 1683 KN/
(i) Intergeanola pressure =5 x 97 +2 x 10.83 = 102 kNfm?
(i) Pore watr pressure





