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CHAPTER FIVE
' PERMEABILITY AND SEEPAGE THROUGH SOIL |

5.1 Introduction
L Soils are permeable due to the existence voids through which water can flow ]
! from points of high energy to points of low energy. The study of the flow of ]
I water through permeable soil media is important in soil mechanics. Il

| Granular Prism atic Subangular |
I blocky ]

) e To evaluate the rate of flow under dams and hydraulic structures. ]
I e To determine the shear strength of soil when there is a flow of water. i
| e To determine the settlement. )
H ¢ Investigating problems involving the pumping of water for underground ¥
I construction, and for making stability analyses of earth dams and earth- ]
H retaining structures that are subject to seepage forces. 2
H One of the major physical parameters of a soil that controls the rate of seepage I
ji through it is coefficient of permeability (hydraulic conductivity) |
H Permeability: The property of soils that allows water to pass through them at ¥
H some rate. |
- 5.2 Hydraulic Gradient !
H When water flows through a saturated soil mass, there is a certain resistance I
u
u
u
u
u
u
u
u
u
u
H

to the flow because of the presence of solid matter. However, the laws of fluid j
mechanics which are applicable for the flow of fluids through pipes are also g
applicable to flow of water through soils. As per Bernoulli's equation, the total )
head at any point in water under steady flow condition may be expressed as: -
Total head = pressure head + velocity head + elevation head I

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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i Pressure Velocity Elevation i
I head head head i

" Where h: = total head, ) ]
. u = pore water pressure, and Yw = unit weight of water, the term T_ = hp, (M) ]
% aw |
“ v = velocity, g = acceleration due to gravity, this value is very small = 0 u
. Z=elevation head, (m) = he
ﬂo ht = hp + he

I Elevation head (he): is the vertical distance
| from a datum line to the point considered
(above or below a datum plane).

I Pressure head (hp): is the height of the
. vertical column of water in the piezometer
. installed at that point.

I Piezometer: is a device used to measure
i liquid pressure in a system by measuring
I the height to which a column of the liquid
rises against gravity, or a device which
measures the pressure of groundwater at
a specific point.

Total head (ht) = elevation head + pressure
head ]
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In the example below, there is a difference in elevation heads and pressure
head, and no difference in total head. So that there is no flow.

-~ ‘E \ 1{'&;1‘{
= \ .ff
< ,-"x\ 2
.-*“f =
&
1] Ehvathn:ﬂff \\
Datum 2 1  Head

Point | Elevation head | Pressure head | Total head '
1 he1 hpl he1 + hpl = hy
2 he2 hp2 hez + hp2 = hy

In the example below, there is a difference in elevation heads and pressure
head, and also difference in total head. So that there is flow.

Water In

A A . Head Loss or
| Head Difference or
[ Energy Loss
1 Ah =hp. - hB
o [
[ ! I = Hydraulic Gradient
T ! [ A
o|lhy o ! |
© s 1 [
£ @ [ 1 (@) [o
3 o ! I 8
5 o i - I
= | ) ©
y Ny he |5 (3
A rmm Soil D ] I
- m 9 p—
e g s
3y N N R i S B i
7 \ ST ‘\_-g
T
: , :
2y = L = Drainage P& =
> Zs | £
]
Y. Y oo Datum _ v _ _. . ... ... Y. _.¥Y

So that:

The flow between any two points depends only on the total difference in total
head.

Any elevation head can be selected from datum as the base of elevation head.
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2 Hydraulic gradient -
I Ah ]
| I=— J
| L ]
I ]
. Where
I | = hydraulic gradient H
| L = distance between A and B (the length of flow over which loss of head )
occurred)
. 5.3 Darcy’s Law )
I In 1856, Darcy published a simple equation for discharge velocity of water I
through saturated soils, which may express as
PoveK ]
| Where ]
. v = discharge velocity = quantity of water flowing in unit time through a unit E
I gross — sectional area of soil at right angles to the direction of flow. (m/sec) Il
“ k = coefficient of permeability ”
v = is based on the gross — sectional area of the soil, however the actual

I velocity of water (seepage velocity, vs) through the void spaces, is higher than H
v, this can be derived as follows:

" Flow rate, q

F 3
h 4

A = Area of soil sample A;= Area of soil solids °\
L %

If the flow rate g, then -
g=vd=d,» A=A, +A4;, r.g=v(d,+A)=A4,, y

50 8
.
v(Ad, +A) v(d, +A)L (v(r/;, +Vs}] -
) L— = = — 5 |
s )
A, AL v, ]
- — o
|
1+ Vs _ |
V, 1+e ] ¥ |
.= =1 [ p—
’ Vv e n ]
|
L Vs :
|
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© 5.4 Coefficient of Permeability (Hydraulic Conductivity) i

H It is defined as the rate of flow per unit area of soil under unit hydraulic gradient, u
. it has the dimensions of velocity (L/T) such (cm/sec or ft/sec). It depends on -
I several factors as follows: i
| 1. Shape and size of the soil particles. ]

2. Distribution of soil particles and pore spaces. i
I 3. Void ratio, permeability increases with increase of void ratio H

4. The degree of saturation, permeability increases with the increase of the ]
[ degree of saturation. Il
I 5. The composition of soil particles. ]
I 6. Soil structure i
) 7. Fluid properties )
! (k) Varies widely for different soils, as shown in the table i

Typical values of permeability coefficient (k) |

|

L Coarse gravel 10 to 10° d

I Fine gravel, coarse and medmum sand 10” to 10 ]
i Fine sand, loose silt 107 to 107 i
Dense silt, clayey silt 10°to 107 ]
Silty clay, clay 10°t0 107 |

Il
u

i* 5.5 Tests to Find the Hydraulic Conductivity ]
ff 5.5.1 Laboratory Tests .
H The four most common laboratory methods for determining the permeability I
. coefficient of soils are the following: ]
* 1. Constant — head test. ;
. 2. Falling — head test. ]
Il

u

u

u

u

u

u

u

u

u

H

3. Indirect determination from consolidation test
4. Indirect determination by the horizontal capillary test. I

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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Constant — head test I
In this test a direct measure of permeability ﬁ H
using Darcy's Law t :

It's suitable for cohesionless soils with
permeability > 10 cm/sec

A typical arrangement of the constant-head
permeability test is shown in Figure. In this
type of laboratory setup, the water supply at
the inlet is adjusted in such a way that the
difference of head between the inlet and the

outlet remains constant during g
the test period. Distilled de —aired -
After a constant flow rate is "
established, water is collected - ]
in a graduated flask for a known
duration.

The total volume of water
collected may be expressed as:

0 = Avt = A(ki)t

Where:
Q = volume of water collected
A = area of cross-section of the

soil specimen Permeability Cell filed with soil |
t = duration of water collection

it "F’ﬁ

Ooverflow H

. h ]
Since | = — ]
L Collection of water in a }

cylinder (Q at time t) |

Where L = length of the ' i
specimen, so that )
|

5

OL ]

or k= — |
b

Aht Permeability Cell with :

o

b

o

I

o

I

o

I
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I Falling-Head Test

| A typical arrangement of the falling-head
permeability test is shown in Figure. Water
I from a standpipe flows through the soil.
. The initial head difference h; at time t = 0
I Is recorded, and water is allowed to flow
| through the soil specimen such that the
i final head difference at time t = t2 is ho.

. The rate of flow of the water through the

. specimen at any time t can be given by ]
| L dh ]
Lo aTkpAs ey ]
U [
. Where: — ]
H, i
ﬂo q = ﬂOW rate B3 Porous stone B Soil specimen H

I a = cross-sectional area of the standpipe I
L A = cross-sectional area of the soil specimen i
i Rearrangement of Eq. gives ]

l ]
gt
i Ak\ A ]

Integration of the left side with limits of time from 0 to t and the right side with .
limits of head difference from h1 to hz gives: ¥

alL h] al. h }
t = — log,— oOf _ o= bt § |
Example 5.1 ;

Il
u

u

u

u

u

u

H Refer to the constant-head permeability test arrangement. A test gives these ]
; values: 5
L L = 30 cm, A = area of the specimen = 177 cm?, Constant-head difference, h = ]
if 50 cm, Water collected in a period of 5 min = 350 cm?® -
H Calculate the hydraulic conductivity in cm/sec. l
u

u

u

u

u

u

u

|

Solution J
L P

k = Q_ ]
Aht |

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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© Given Q=350cm? L=30cm, A=177 cm? h=50cm, and t = 1.0 min, so i

ok 350+ 30 1.98 % 102 ]
177 50 * 1 * 60 cm/sec
I Example 5.2 I

I For a falling-head permeability test, the following values are given: i
| Length of specimen = 200 mm, Area of soil specimen = 1000 mm?, Area of ]
i standpipe = 40 mm?, Head difference at time t = 0 = 500 mm, Head difference ]
. attimet=280 sec = 300 mm. 1
! Determine the hydraulic conductivity of the soil in cm/sec. ]
I Solution I
| al  h ]

| k= 2303 — log;g— |
i At 20, i

ﬂ% For a given a =40 mm?, L = 200 mm, A = 1000 mm?, t = 180 sec, h1 = 500 mm, "T\
Df and hz = 300 mm. ]

o gap3 X020 500 ]
= 4. P — = 1]. *

1000 « 280 ~91°300 prasec

. Example 5.3 ]

. Find the flow rate in m%sec/m
! length (at right angles to the
I cross-section shown) through
I the permeable soil layer shown
in Figure, given H=8 m, H1 =3
m,h=4m,S=50m, a=8° and
k = 0.08 cm/sec.
Solution

I
I
I
I
I
I
I
I
I
I
Il
I
Il
I
Il
I
Il
I
I
u
| . . . h Impervious layer ] Permeable layer |
* Hydraulic gradient (i) = —— -
H © S |
I
I
I
I
I
I
I
Il
I
Il
I
Il
I
I
I
Il
I
I
I
I
[

Cos &

hcos a
=kiA =k
1 ( s
4 cos 8° |
= (0.08 X 1072 m/sec) %)(3 cos 8° X 1) !
=0.19 X 103 m¥sec/m ]

)(Hl cosa X 1) E

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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I 5.5.2 Empirical Equations i
| For granular soil ]
+ Hazen (1930) :
I k (cm/sec) = ¢Dj,  where c = a constant that varies from 1.0 to 1.5 |
D10 = the effective size, in mm
I Carrier (2003) ]

| . 2 2 3 1
i 100% 1 e 5
I % f; SF 1 +e |

I > 0.404 0.595 I
[ D™ X Dy I

I where fi = fraction of particles between two sieve sizes, in percent (Note: larger I
I sieve, |I; smaller sieve, s) ]

© Dgyiem) = [Dy(cm)]* X [Dy; (em)]> , SF = shape factor i

. Amer and Awad (1974) J

63

_ 0.6 232
H k(cm/sec) = 35 (1 n e)Cu (Dyo) |

° where kisin cm/sec I
| Cu = uniformity coefficient ]
i D10 = effective size (mm) i

For cohesive soil -

e
log k = log k, — —— ]
08 0g Ko C. T

where ko = in situ hydraulic conductivity at a void ratio e, I
k = hydraulic conductivity at a void ratio e J
Ck = hydraulic conductivity change index ¥

I
u

u

u

u

u

u

u

u

u

}} 5.5.3 Field tests I
IL

I There are many useful methods to determine the (k) in the field such as: ]
I

u

u

u

u

u

u

u

u

u

H

1. Pumping from wells j
2. Borehole test T
3. Open — end test |
4. Packer test -
5. Variable — head tests by means of piezometer observation well |

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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Pumping from Wells i
In the field, the average hydraulic conductivity of a soil deposit in the direction J
of flow can be determined by performing pumping tests from wells. The figure
shows a case where the top permeable layer, whose hydraulic conductivity has ]
to be determined is underlain by an impermeable layer. ]
During the test, water is pumped out at a constant rate from a test well that has i
a perforated casing. Several observation wells at various radial distances are J
made around the test well. Continuous observations of the water level in the ]
test well and in the observation wells are made after the start of pumping until H
a steady state is reached. The steady state is established when the water level ]
in the test and observation wells becomes constant. The expression for the rate Il
of flow of groundwater into the well, which is equal to the rate of discharge from ”
pumping, can be written as: i

4
dh ;

k 2arh J

17 ( dr) mr J
[ oo
v a H

i ”
2.303g log 15 J
rZ DU

|

m(hi — h3) | | | )
l-'{— r —)‘T“— rI —}l ;’L

|1 | | | |

dr =€ R y

Water table | | Draw-down curve =«
before pumping | | during pumping :
J

SR SR S S v [N B B v i
5 E*E o T e Testl el A }

di |
Obsewawion wells i

%

h |

h hy "1 :

o

i

o

I

N XY ]

|

.

Impermeable layer

I

i

o

I
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I From field measurements, if q, r1, r2, hi, and hz are known, the hydraulic ~ *
| conductivity can be calculated from the simple relationship. [
The average hydraulic conductivity for a confined aquifer can also be
I determined by conducting a pumping test from a well with a perforated casing ]
, that penetrates the full depth of the aquifer and by observing the piezometric J
I level in a number of observation wells at various radial distances ( see figure i
| below). Pumping is continued at a uniform rate g until a steady state is reached. J
i Because water can enter the test well only from the aquifer of thickness H, the ]
. steady state of discharge is 1

L dh JJ
l q=k\—|2mrH 1
I dr JJ
| J
I “dr (" 2mkH i
K T T I
) rz o4 ]
I r d
. q log o\ — ]
r

! K = 2 J
. 2.727H(h, — h,) :

< K > < r >! |
e

le—rn—> | J

Piezometric level Piezometric level

|
|
1°1°° before pumping : during pumping ;10‘
: . ! D
_____ i | R A ]
—+_ A _A.‘__- X : . ; ‘. : ____A_? I
h dh EePeesss Tes{ well : i I ]
Mo By
|
"
Observation wells |
72
H
¥ 5

Aquifer: An underground geological formation able to store and yield water i
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© 5.6 Heads and One Dimensional Flow

U d ¢ b

I For piezometer c:

I AV A ‘
I -

l B

. ho

| Filter screen

s L~

l ~ __ v hitotal
I "/ " head)
|

l f H

|

. ¥ f

I

|

| Pressure Elevation Total Head Loss
[ Point Head Head Head through Soil
- B AB BE AE 0

ﬂ% C AC CE AE 0

W’ D CD DE CE 1/2AE

i F EF ~EF 0 AE

Example 5.4

I Draw elevation head, pressure head, and total head for the system shown and
then find the velocity of the seepage in soil, if k = 0.005 m/sec and n = 0.33

s

i

ﬁ;

H ’—‘ Total head

I 36 f — = | Elevation head 1

) ' - = Pressure head|

i .

L A ’

ﬂe 3.0 N 7

‘ 24p— £ = 54

U; - e lg x‘ f /

I 18 8 s ¢ 7~

H ' @ / /

LL:, L /' ,

I 1.2 :

l /'

I _ / /!

i 0.6 7

- * ’

b 0. Datum 1 |
i i

H‘a I 06 0 06 12 18 24 30 36 0 0.01 0.02 0.03
- heads (m) misec

H‘a velocity

ﬁ:’ Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi
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e e e R B R e e e R R T R e e R N

v=k.i=0.005x % =0.01 m/sec at the entrance and the exit parts of the tube.
4 0.01 .

SV, =—= 033 0.03 m/sec through the soil sample
n 0.

The flow is downward because the total head of the upper point is larger than
lower point in the sample

Example 5.5
Draw elevation head, pressure head, and total head for the system shown and

then find the velocity of the seepage in soil, if k = 0.005 m/sec and n = 0.33
Solution

e
_473_L
- e Tota] heag
15. = = | Elevation head
. — | Pressure head
3.6
= . 7/
3.0 E
5 . f!
B \
2.4 =
o ~.1,
1.8 =
7’/
’ \ - \\
1.2 7 P
, -
0.6 s ™~ .
”
0.0 Datum s . L
0 06 1.2 1.8 24 20 36 42 48 0 0.01 0.02
heads (m) velocity misec
- V
y = ki=0005x22-38_ 00033 =2v,. =—= 0.0033 _ 0.01 m/sec
1.8 n 0.33

The flow is upward because the total head of the lower point is larger than upper
point in the sample

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi
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I Example 5.6 i
I Draw elevation head, pressure head, and total head for the system shown and 1
then find the velocity of the seepage in soil, if k = 0.05 m/sec and n = 0.33

l J
, 23.4 kN/m? 12 — J
Ue, — 0.6 .E gH
| 1 l l Length (m) [ )
H ¥ ¥ Datum' (_\ 0 ﬁ H
f {
| 2.4 )
I ]
I E 13 ]
| A el \\ .
U E 1.2 \ H
Hf O O ]
H R oc ﬁ‘ Elevation head ]
| . \ I
I < 0 \ Total head ]
I 2 \ !
Uao % 0.6 = H
| k] Y— | =— | Pressure head 1
U% '1-2 gU
| |
| > T 0.02— [
l 8 o ]
I T g 0.01 [
I — I
I In this case, the air pressure will produce the required head for horizontal I
. flow. Thus |
I 23.4 ]
L Toral head loss = =2.3853m. . ]
| . ]
| 2.385 |
& . 2. "IJ‘ : &
L v=ki=0005"""2=0.00663 = v, =— =0:00663 _ g g3 s /5ec |
) 1.8 H 0.33 ]
I ]
L The flow is horizontal to left because the total head in the right point is higher |
Il |
- than the left point ;
LL:, K
I ]
I |
I i
L |
Il |
1y ;
Il |
L ;
Il |
W’ Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi }
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i Example 5.7

i Draw elevation head, pressure head, and total head for the system shown and

find

0

e e e R B R e e e R R T R e e R N

—— == = e S e - e B e 4 e ¥ Es & m——— T Eee B —

L B C D E
| | | 1 .
4 9 14 17

I then Vi

. the heads ] =1

m for point c.

ﬂ% 5¢cm Ah=5cm

I i Datum
@: VA2
| =
|

i 5 Area = 10 cmg_\

H :.'“ T T e I e T e |

| S |

| :

U [

L ]—~—4 cm ||~

©  Solution (@)

L (1) Find the he for all points, (2) find hp for points A, B, D, E (3) find h¢ for
°°° points A, B, D, E. (4) from figure find hp and h; for point c.
I Point | he (cm) | hp (cm) | ht (cm)

| A -5 10 5

l B -5 10 5

. C 5 (7.5) | (2.5)

i D -5 5 0

[ E -5 5 0

L[ |

i

}; 12+ Pressure head

A N ~~<

| s TN —————.

i Z 4

I£% (e}

L £ Total head

l, 2 0f

I B Elevation head

. T —4f

.

.

I

I

I

I

I

I

L

Soil Mechanics
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Example 5.8

Draw elevation head, pressure head, and total head for the system shown and

e e e R B R e e e R R T R e e R N

then find the heads for point c

20

15

10

Head {cm)

Solution
(1)Find the he for all points, (2) find hp for points A, B, D, E (3) find h; for
points A, B, D, E. (4) from figure find hp and ht for point c.

BJ

e ——— —— — 4

Point | he (cm) | hp (cm) | he (cm)
A 8.5 10 18.5
B 6.5 12 18.5
C 4.0 12 16
D 1.5 12 13.5
E 0 13.5 13.5

Civil Eng. Dept. — College of Eng.
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Head (cm)

20

15

10

e e e R B R e e e R R T R e e R N

Total head

e Pressure
[ head

Elevation
head

Datum 3

Example 5.9

For the setup shown, Find total head (h:), Elevation head (he) and Pressure

0 4 9 14 17

head (hp) for the soil the setup shown.

5n

51

1

11

Solution

AV A

S m
Datum

3
5

AV 4

e

---------

:

&

y

:
W)

4m 4m 6m "3m

The quantity of flow in soil (1) has to be the same as in soil (2)
g1 = k1i1A1 = g2 = koi2A2

Civil Eng. Dept. — College of Eng.

Soil Mechanics

(135)

Assistant Prof. Dr. Ahmed Al-Obaidi



Since the area are the same so that
ki1 = k2i2, ki1 = 10k>

10 kzl_z kz
1

Ahy,

l, ’

Z.SAhtl = 0167Aht2,

The total head lost (Ahy) = Ahu + Ahy, from figure = 5
5=0.0668Ah> + Ah, — Ahz = 4.67m, Ah1 = 0.33
Thus ht at point ¢ = 4.67m and hy, = 4.67 — (-5) = 9.67m

Ahtl == 00668Aht2

| 10 — JJ
\ \
= Pressure &
ﬂ% 5 head 3"°‘
I £ 51 I
| 5 ]
[ E |
% e So
| D ]
LL, 3 o ]
i 1

- Elevation head
e , , 3 . .

H A B C D E i
| Point | he (cm) | hp (cm) | ht (cm) ]
L A -5 10 5 i
B 5 10 5
i C -5 9.67 | 4.67
D 5 5 0 ]
° E -5 5 0 ]

Because the permeability of soil (2) is much less than soil (1) thus the most -

head lost in soil (2) j
Example 5.10 ]

For Setup shown: Soil I, A= 0.37 m?, n=0.5 and k= 1 m/sec, Soil I, A= 0.186 ]
m?, n=0.5 and k=0.5 m/sec. Find total head (h:), Elevation head (he) and -
Pressure head (hp). 1

I

u

u

u

u

u

u

u

u

. Solution ]
1- Chose points at elevation 1, 2, 3,4, 5 ¥
H 2- Draw the elevation head for the points above |
3- Draw the pressure head 1, 2, 4, and 5, the pressure head for point 3 ]
I

u

u

u

u

H

cannot be drawn. :

Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi :
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| : : ]
* 4- Draw total head for points 1, 2, 4, and 5 the total head for point 4 cannot y
I be drawn. 1
, 5- To find the total head at point 3: ]
H ai = kiinAr = du = KuinAu H
H |
i Ah Ah
I ti 7 = til 1 ]
\L 1.0 * 12 * (0.3 0.5 6 * 0.186 ]
| ]
H 0.31Ahu = 0.155 Ahuw — Ahu = 0.5 Ahu H
. Ahy+ Ahy = 3.6 -0 =3.6m I
.~ 05Ahu+AhtlI=36 — Aha=2.4 — Ahy=3.6-2.4=1.2m
. Thus hyat point 3is 2.4 and hp = 2.4 -1.2 = 1.2m ]
4 The velocity above soil | = ki = 1 * . 41;21 5= 1m/sec -
I : : ]
°% The velocity through soil | = v/n = 1/0.5 = 2 m/sec ¥
I The velocity below soil Il = ki = 1 * 122'406 =2 m/sec 1
U% L—VU. gU
. The velocity through soil | = v/n = 2/0.33 = 6 m/sec ]
Uﬁ 42 !
1 ms Tem ]
I 3.6 N =
| 5 4 ~ [
[ 2 T 3 < ]
| o] soil | 24 = e“
i xe ’ ]
i3 % .* o
g‘% 3 _—fi2m 18 g f
L Soilll e
-4 1 osm 12 R et B —htim) |
H 06 = - -rid sesseelha ) ;
C CpmEmey o0 |~ = ~|poim | -
i A
L -0.6 0 06 12 1.8 2.4 3 3
§ Head (m) A
|
i 4
4 A
Il |
4 A
Il |
4 A
Il |
4 A
Il |
4 A
Il |
L A
Il |
L A
Il }
i
H Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi }
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© 5.7 Equivalent Permeability in Stratified Soil i
2 5.7.1 Horizontal direction -
H ‘ OU
| - ]
, ;J
| \
:Z: — !
l ]
! ]
| —> ]
‘T Direction of flow T‘
| I
I : !
l ]
.~
I ]
| ]
l ]
l ]
l — d
| ]
LL, y ]
l |
qg=v1H=vi.1H +v, 1.H,+v3 1.H; +. ... +v, 1. H,
\[ . . ]
I Where v = average discharge velocity i
I V1, V2, V3...Vnh = discharge velocities of flow in layers denoted by the subscripts |
i |
- From Darcy,s law -
‘o“:, . °°L
ioiz V= kH(fq]-qu i
L ]
i |
: vy =Ky dy :
L . A
. vy =Kpody !
L ]
I v =kpsd; |
i |
i i
‘o‘% / . . . . . . o"L
I V1 = K-y Since ieq = i1 = i2 = i3 = in then |
I I
1
I Kereq) = E(ka Ry Hy ARy Hy + -+ ke H ) |
i |
l gL
i |
ﬁ% ;
ﬂ"" Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi }
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I |
I |
“ n |
I [
U Z k.-‘u'Hr H
.k =1 H
| Hieq) H u

. 5.7.2Vertical direction 1

I ]
I |
) |
) |
I |
) 5 ]
) |
I |
| |
I ]
| ]
l )
l )
I ]
I ]
l H )
I ]
I ]
l )
I ]
I ]
Il |
e J
Il |
e J
Il |
b J
I ]
— ;a
}L ]
Il |
e J
Il |
e J
Il |
e J
Il |
IL J
Il |
I J
I Direction of flow i
Il |
IL )
Il |
]
H "= ]J‘l = 1!2 = 'U‘B e 'U” }
\} }
i and ]
\} }
i h=Ih+h+hy+---+1, i
Il |
ﬁ’" Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi ;
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/] ) _ ”
kr{qu'E = krl'fl - krl I, = kvj'r.% — = kwr'rn I

[

. . . . 1
II:HI'II—I_HE'IE +H5.15 +'”+H”.f” H
]

The solutions of these equations gives |
|

H ‘T‘

k*'(f’fﬂ - g g 2 ]
Hl H, H5 Hﬂ I

— |+ = [+ — |+ + i

kvl \ krl \ krﬁ \ klw H

]

I

k. . H ]
vieq) i Hi H

d

i=1 Ky
Example 5.11 ]

The following figure shows the layers of soil in a tube 200mmx100mm in cross I
— section. Water is supplied to maintain a constant head difference of 300 mm ]
across the sample. The permeability coefficient of the soils in the direction of i

flow through them are as follows: for soil A, ka = 1*102 cm/sec, soil B, ks = ]
. |

3*10°2 cm/sec, soil C, ke = 5*10* cm/sec -
L

Water |
e |
i — 5

J

]

Constant head i

difference =300 m ]

|

h J :

o

A

|

\ é’r

A -

R A Rl |

SR -

R A J

i

o

A

o

A

P 5

150mm | 150mm | 150 mm ]

|

|
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. Solution
For the soil layers B and C (the flow is parallel to the stratification)
| |
J£Y 1 1 B B o
: Kt ey = E(A:MHI +k H,)= E(3;‘:10 (5)+5x107*(5)) =1.75x107°  cm/sec iﬂ
| l
. For the layer A with equivalent layer of B and C ]
I H 45 ]
I ko= = =3.8x107 J
i “H _H, 30 15 ’ ]
k,  k, 1x107 1.75x107
.k, =0.003888cm/sec ]
I _ 300, . ]
) q=Fk,id= 0.003888450(10) =0.259 em’ / sec ]
I : !

“ 5.8 Seepage Force

| Example 5.12
. For the setup shown draw hy, he, hp and find

| the seepage force. N =0.33. k = 0.5 cm/sec,
I vt = 20.9 KN/m?3

0.3 0.6 0.9 1.2

Civil Eng. Dept. — College of Eng.
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Solution A
{}.BJ :
Point | he (m) [ hp (M) | ht (M) ]
0.6 1
0.9 0 0.9 ]
B | 06 | 03 | 09
0.3 :
C 0 1.5 1.5 .
f' :L
# |

,
0 B 1



+ [Elev.] o (kN/m?) us kN/m2)  [ove | u (o) | o/stom (NIT) | -
Q) (kN/m?) | (kN/m?) i
| 09 0 0 0 0 0 ]
0.6 |9.81*0.3=2.94 |9.81*0.3=2.94|0 9.81*0.3=2.94 |0
. |0 2.94+20.9'0.6 =|9.81°0.9-8.83|6.65 |1.5%9.81=14.72|0.76 ]
[ 15.48 i

~ There is a great difference | =5g4
l between the pore water pressure |
i in soil when water at static state
| and in flow state

i There is an upward water

u= 294

I pressure on the bottom of the B + ]
- sample ]
" The vertical pressure acts on the i
| boundaries of soil sample I
(boundary water pressure)
I u=1472 ]
| |
“ (8) |
|

{a} ]

(a) Boundary water pressure (b) buoyancy water pressure (c) pressure lost in seepage ]

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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| = + |
U% ¥ é,H
| |
| .t 3 ]
i 2 =< ]
b s [+ &
I p + |
53 t‘s -‘_._J._ 2
H + -. u
| = 1
Ho Boundary water = Eouyancy + Ceepaga OH
e forees forces forces -
Uo {static) H
| Met bouyancy Seepage force [
ﬂ% : force per valume H
- = Ldvy =AY -
U% = val. ¥ LA * 1|

Convert the pressure to force by multiplying them by area (A)

. The magnitude of (a) and (b) depend on Z but in (c) it depends on (h) J
(a) Static situation: (b) Flow-Up Situation: (c) Flow-Down Situation:
I Gy = Yw Dy T Ysat Z Cy=Yulw T Taat Z Oy = Tulu + TuZ ]
i 0= Yo (B + 2) U=y (hy+2) +iZ Ve U=ty (hw+2)-iZys ]
U% Gy =Y Z Gy =YV Z—-1Z%¥w Oy =Y Z+iZYw :U
H |
Q«; The seepage force = hAyw %‘

seepage force _ hAy,,

h . e
=~Yw = Ww )

The force per unit volume J =
volume LA L

Seepage forces usually act with the direction of flow. |

Quick Condition: ]

The shear strength of cohesionless soil is directly proportional to the effective 7
stress. When a cohesionless soil is subjected to a water condition that results |
in zero effective stress, the strength of the soil becomes zero and quick :
condition exists. )
Quick condition: occurs in upward flow (for cohesionless soil) and when the

total stress equals to pore water pressure. |
d_ej’fect =0= LAYy — h‘q}'{w =0 °L

o

h i Yo i 7

—=i=—= i, :

L Y :

|

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi }
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o Ic: The gradient required to cause a quick condition, termed critical gradient. -
., _G-1 ]
| T 1 re J
l ]
L For equilibrium: downward force = upward force JJ
| J
© yw (ZHhtL)*A = (ywZ+Ly)*A I
[ I
" YwZ +ywh +ywl = ywZ+Lyt ‘
coh v v
L o 1
\} G-1 = 16-1 G—1 1\
: yb_1+eyw’lc_ywl+eyw_1+e “
. Example 5.13 ]
. Excavation is been carried out as shown in the figure. Find:
I 1. The depth Z that could cause boiling at the bottom of the clay layer. I

I 2. The depth (2) for the factor of safety against boiling equal to 2 at the bottom j\
of the clay layer.

I Excavation ]
I 3. What is the thickness of sk ]
L the raft foundation that A F d
| : z _ 20 k/m i
I should be used before : poperali A ™
H boiling occurs. If an *°" [ sm S 1\
¢ uplift pressure of 60 ;
2 3 4 4

kN/m ?t the bottom .oI ‘. -2 ye =18 kN /m? !
excavation exis : A

- sitt (02 [

(Yconcrete = 25 kN/m3). v B v }

4. Find the seepage force i

at an element of 0.2 m cube located at the center of silt layer. 3
Solution ht, = 21.5 i

3 _ A, _ 215-ht; _ _ ;

4~ 10m 10 o Nty =14m ]

“ hpy = hty — he; =14—10=4m
To find Z i

F. down = F. upward y

A(8-z) ¥20=4.0 *10 *A » Z=06m I

I

|
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% 7. F.§ = down ward force (8 — z) =20+ A -
D:: ’ up ward force - 4 % 10 * A ::H
Ue, va Z = 4 m H
| ]
. 3- F down ward = F upward ]
I ]
U% R T R t$5x10:~25 - GUASEIO H
I T eoneete &0 _ |
| T LNT T T T Lt = e 2.4 m (thickness of concrete) |
| ° ]
| 60 kN/m? ]
| ]
X 4- Seepage force =1y, volume = 2 #1()% ({}_2}3 = 0.06 kKN ]
. Example 5.14 ]

Consider the upward flow of water
I through a layer of sand in a tank as shown
I in Figure. For the sand, the following are
i given: void ratio (e) = 0.52 and specific
| gravity of solids = 2.67.

a. Calculate the total stress, pore water

I pressure, and effective stress at ]
. points A and B. :
T b. What is the upward seepage i
force per unit volume of soil? ﬁﬂg Valve (open) ]

Inflow —4{ }

Solution A
Part a: The saturated unit weight of sand is calculated as follows: ;
(G, + )y, (2.67 + 0.52)9.81 ]

Il
Il
Il
Il
Il
Il
Il
Il
Il
Il
|
| = = = 20.59 kN/m’
u Vs 1+e 1+ 0.52 ]
Il |
H Effective :
H stress, -
l Pore water pressure, u o'=oc-u i
L Point Total stress, o (kN/m?) (kN/m?) (kN/m?) J
Il |
| )
H A 0.7y, + 1y = (0.7)(9.81) 15 3.43 ]
i +(1)(20.59) = 27.46 (1+07) + {7 J(1) 7w i
H = (2.45)(9.81) = 24.03 ]
I I
: B 0.7y, + 2v. = (0.7)(9.81) (2 + 0.7 + 1.5)y, 6.85 -
1‘ + (2)(20.59) = 48.05 = (4.2)(9.81) = 41.2 ‘
I %
h Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi }
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I Part b: Hydraulic gradient (i) = 1.5/2 = 0.75. The seepage force per unit volume
. can be calculated as  iyw = (0.75)*(9.81) = 7.36 kN/m®

i Summary of Main Points:

I 1- All total heads are lost in soll

. 2- Negative pore pressure can exist (the pore water pressure is less than
I atmospheric)

. 3- Direction of flow depends on the total head difference

I 4- Elevation head is an absolute magnitude depends on location of datum
. 5- The pressure magnitude is considered important since indicates the
I actual pressure in the water

. 6- the headis In soilsv =Kki

I 7- The seepage force per a volume of soil is i*yw and acts in the direction
. of flow.

I 8- "Quick", refers to a condition wherein a cohesionless soil loses its
| strength because the upward flow of water makes the effective stress
I become zero.

I 9- When the flow is upward in the soil, pore water pressure increases and
I effective stress decreases. When the flow is downward, the pore water
“ pressure decreases and the effective stress increases

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi
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© 5.9 Two Dimensional Flow

| The figure shows a tube of 1.0*1.0m in cross section by 4.0m high. The values
of total head, pressure head and elevation head are shown in the figure. The
I seepage Is:

.+ Q= KkiA = 0.005 =+ (1x1) = 0.008 m¥sec/m

(147)

i If we divided the soil by square mesh 0.25*0.25m as shown in the figure. Each
H horizontal line represents equal total heads (equipotential lines) and the vertical
i3 lines represent a flow line, the space between each flow line called flow chanal.
- " :
Ue, 40— [
| L |
< 35—
U% 30— H r H
I / hp=07 A J_: X
i - [ 71T A TR T e A
L% f <" / b 8
H =22 /& A T e
oo -E-E- -*‘? G?L x> 7
LR % T
. s FRmti iy =1 - tses
g I W A hp=025 P
LR AmNA S
H 15 s o - ———————iH&g
ﬁ:, i j( Zj ::H
‘T’ / /1/? : Equipotential -+ 1 1:
‘ 1.0~ 7 lines | — 1 — .—OH
I ; ,// N
B 7 T St ket nhen bt £ ¥ 24
| 05 i/ hp=-0.15 NG N ¥ i e P
ﬂ" ’ -05 0 051.01520 25 3.035 40 45 LI [/
H i Heads (m) Flow lines
ﬂo 0 L
[ (a) (5) (c)
I
L _
| The flow through square A is:
i
i 9
(1 - 151)
©ap = KAy =k b
r‘%
b . . . .
I Na = No. of drops in equipotential lines
r‘%
L H L HD
L g = — - = —_ = —_—
Uo A Ndl a Ndl Nd
I
b . .
I The quantity of seepage for all element below A is same (equal q)
L Total Q = gA * 4 * 1, Nf = 4 No. of flow channels
i
L, N 4
© q=kH-L=0.005*4*— = 0.008 m¥sec/m
L, Ny 10
i
o
ﬂo
W’ Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi
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I .. The problems of seepage can be solve using squares (flow net) i
. Most problems of flow are two-dimensional flows, e.g. are shown in Figure |
| |
. below: |

Sheet pile

] r 1 L
1 1 1 1 [ !
o J 1 1 ! ,
o
‘o
o

IMpErVIoUS ‘ J

. The purpose of studying the flow in two Dimension are : ]
. 1- To find the amount of seepage per meter length (i.e. rate of flow).
© 2-Pressure distribution (pore water pressure) ]
. 3- Stability against piping or boiling. ]

4- Piezometer levels of selected point required.
. To solve the problems of two-dimensional flow, Darcy’s law is required to -

Uo tiomogeneaus dam free water surface OQU

m water surface or seepage line ‘
Lo / s g |

unstable zone

impermeable foundation: ]

Il
H

H

H

H

1‘ calculate the flow of water through the soil. In many instances, the flow of ¢
H water through soil is not in one direction only. In such cases, the .
groundwater flow is generally calculated by the use of graphs referredtoas -«
~ flow nets. The concept of the flow net is based on Laplace’s equation of
continuity, which governs the steady flow condition for a given point in the .
H

H

H

H

H

H

H

H

u

soil mass. i
a4

o

I

o

I

o

I

o

I
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* 5.10 Basic Equation for Two Dimensional Flow ]
. Let us consider an element of soil as shown in figure, the flow is laminar |
. with component in the X, y, and z-direction
. g=0xt0gy+*0: | ]
. Using Darcy’'s law, the following ]
I expressions for the vertical component
| of flow qz:

i Flow into the bottom of element

. 0z = kia, where a is the area of bottom

. face
.= k(= 57) dy da
KX Z

Vertical component of flow

.

" Flow out of top of element

) 2
. Q.=(k,+a—k—‘-d2)(——@—l—§*l—ld2)d3/dx

\

U‘z az az azz dz H
I L, J".Ij:‘—_—' —_————— |
l _ e J
. The net flow into the element from - dr
- vertical flow = Ag; = flow into bottom — v dy -

. flow out of top ]
U" J

z z Oz 0z*

g*h  dk, gh Ok % :

Ag, = [k,— + — — 4+ —dz—| dzdy dz )
1 ( 8z 0z 0z Oz ? azz) v _y

For the condition of constant permeability e

8211 J

Agq, = |k,—) dz dy dz i
g ( 322 ) d }
Similar the flow in x-direction ]
a*h |

b ]

For the condition of two-dimensional flow gy = 0 ;
9% 2 J

Ag =Aq, + Ag, = k,,—;-+1<,=-a—!1 dz dy dz ]
0z dx* )

The volume of water in the element is i
Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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u
u
u
u
u
l e
L Mg = (k_,: F) dz dy dz
W’
u
u
u
u
u
u
u
u
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I ::H
L V=2 drdya: ;\
. 1+e ]
™ And the rate of change of the water volume is equal to bl
i Ag = —¥ = — de dy d o
; T T (1 4o HE ]

i Since dx dy dz (1+e) = volume of solid in element and is constant i
H Ag = dz dy dz 0(Se) o
| 14+e ot JJ

I Equating the two expressions for Aq i

dz dy dz d(Se) i
l1+e ot H

gz* dr*

<3 2 2
H (kz oh + k. §—h) dz dy dz =

. Which reduce to ]

) O, Ph 1 3S . 3e ]
H hazz_i_kxazz_l—ke(ga—i_sa)
i The above equation is the basic equation for two-dimensional laminar flow i
I in soil. Looking at the e and S terms: four possible types of flow: 1
. 1. e and S both constant. ;
i 2. e varies and S constant. i
3. e constant and S varies. 04,
4. e and S both vary. i
Type 1 is a steady flow, types 2, 3, and 4 are non-steady flow situations. |
Type 2 is consolidation for e decrease. Type 3 is constant-volume drainage -
for S decrease and imbibition for S increase. Type 4 includes compression
and expansion problems. Types 3 and 4 are complex flow conditions for .
which satisfactory solutions have not been found. i

For steady flow (e and S both constant) reduces to I
AL
2322 %92t

If ki =k, | 1

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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I This is Laplace’s equation. It's the basic equation of steady flow in isotropic i
| soil. It means that the flow lines intersect the equipotential lines at right angle [
Notes
H 1. The solution is represented by two families of curve (a) Equipotential lines u
l and (b) Flowlines J
© 2.The intersection of the two lines is represented by a flow net of square i
I elements J

I ) - i i . b J
. 3.Each element is a curvilinear square with dimension — = 1 i

. 4.The rate of flow is expressed /m length by q = kH % |
d

i Where k: Coefficient of permeability i
I H: Total head difference between the first and last equipotential lines I
:;—2 - Shape factor
I Flowline is a line along which a water particle will travel from upstream to ]
. the downstream side in the permeable soil medium. J
~ The equipotential line is a line along which the potential (total) head at all i
. points is the same. ]
i Flow channel: is the portion of flow net bounded by two adjacent flow lines i
. Elow net: the portion of approximate squares formed lines of flow linesand |
equipotential lines. g
Impermeable (impervious) layer: A layer of material (such as clay) inan  ~

aquifer through which water does not pass or passes extremely slowly. i

If % > 10 the soil of permeability ko is considered impermeable with  °

1 N

respect to ki s,  h i

) h
Flow line ¢ : a

1 g

.

Flow line —

A\ ]

equipotental line i

A

|
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* 5.11 Steps for Two Dimensional Flow |

I 1- Draw to scale the cross-section of the am I
, site of structure _TN ]
, 2- Draw the elevation of water at both sides 5m | f—Sheetpiling d
l 18 m l. 25m J, |
I of the structure and the impermeable

i layer. "Impermeable
I [
l ]
L 3- Identified the boundary condition - =y = -—— -
! Equi i ipotential |
i QUIDGIEH1IE|me line Equipotentia 1
) Flow line )
l L ]
l 4- Draw the first flow line and established ]
I the first flow channel I_\‘ i
. first flow i nes'ﬂvl/ 4
. flow channel ]

| 5- Divide the first flow channel into

I squares and determined the

i equipotential lines

6- Project the equipotential lines and start

to draw the next flow line

7- Project the equipotential lines and r\l B
] N | 1 i ;

o,
o,

So
o,

o

Final flow net I

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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u

u

u

u

u

u

u

u

u

i

L repeat until the end
u

u

u

u

u

u

u

u
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) Example 5.15

I A sheet pile wall drove into
I sity soil having a 7m
i permeability of 5%10° , |
I m/sec. find the quantity of
’ seepage, pore water
I pressure at points (A to J), -
. and exit gradient.

u / N AR \ |
u My S [ e |
ﬂ% 553 555 TR TR TR :ﬂ
H Solution Impermeable layer H
2 e The sheet pile wall length is in direction perpendicular to the page -
" e The problem is two-dimensional flow ]
e LB is upstream equipotential line ]
I ¢ JK is downstream equipotential line I
. e BF,FJ,and MN is flow lines J
.~ eH=7-175=525m,Ni=4, Ng=8
. q=kH-L=5+10"%+525+2 = 13.125 » 10~° m¥sec/m length ]
d

The difference in the total head is 5.25m and the Nq¢ = 8 so in each drop, we e
loose 5.25/8 = 0.656m I

L
.
l
.
l
l
A 1 14.0 0 0
- BN 7 14 7.0 68.67
e ss 13.344 7.844 76.95 I
: b a5 12.688 8.188 80.32
e 35 12.032 8.282 81.25 i
. LU F | 35 11.376 7.875 77.25
e | 35 10.72 6.97 68.38 ]
. LR | 45 10.054 5.554 54.48
L |
- N 55 9.408 3.908 38.34
L3 70 8.75 1.75 17.17
H Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi ;
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i ]
© [End | 875 8.75 0 0 -:

i The exit gradient is found at the downstream, it locates in the square near the ]

i sheet pile. If the dimension of this square is 1.5m i
L, = AR08 437 <100k ]
A oo ]

I 77.25 J
| ]
H |
l ]
| Example 5.16 :\_\
. Find the pressure head acts at points (A to H). What is the quantity of seepage -
i in point X for the concrete dam shown if k = 0.05 * cm/sec. il
) 255 m N i

E.28.2m o i _ j
—— El. 192 m }

¢

El. 204 m 3
‘[E = .‘.

impervious layer ‘I

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi %
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e The concrete dam length is in direction perpendicular to the page
I e The problem is two-dimensional flow i
| e 1J is upstream equipotential line ]
e KL is downstream equipotential line
. e 1J,KL, JABGHK, and MN is flow lines i
. e H=282-204=7.8m.
u e Nt = 4, in this figure and due to symmetry around y-axis of the flow net the H
middle square is not complete and its equal approximately to 0.6 so that Ngq
i =12.6 :
H q= kHﬂ =0.05%1072 % 7.8 A 0.00124 m3/sec/m length H
| Nq 12.6 :U
The difference in the total head is 7.8m and the Ng = 12.6 so in each drop, we
. loose 7.8/12.6 = 0.62m ]
~ Point  Ele.Head(m) Totalhead (m)  Pressurehead (m)
26.34 13.44
I 25.41 7.41 ‘
B; 25.10 7.1 ]
| 24.48 6.48 o:o
. 24.11 6.11 ]
| 23.49 5.49
23.18 5.18 ;

22.25 9.35

. Ah 062 ]
le:T=¥=0.19 < 1.0 ok I
Example 5.17 }

For the dams shown determine the quantity of seepage, uplift pressure at point |
A and exit gradient, if k = 5*10° m/sec. -

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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Impervious
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I Solution i
Dam Ny Ny q(wiseci) Uplit pressure at A (i) Ext gradient

]
0 4 12 1029 2.25 0.42 i

- a4 14 882 2.13 0.34
Sl 4 14 82 2.87 0.18 i

i The idea of this example is to find the difference when adding sheet pile at d
I upstream or downstream. I
I e If the sheet pile at upstream, minimum uplift pressure can be get H
i ¢ If the sheet pile at downstream, minimum exit gradient can be get i
I e The worst case without sheet pile 1

© iextcan be reduced using the following I
I e Placing sheet pile beneath the dam on either side ”
I e Using sheet pile on both sides i
| ¢ Increase length of sheet pile ]
¢ Increase length of dam
I e Applied the crash rock on downstream side of the dam 1

I Example 5.18 i

A riverbed consists of a layer of sand overlying impermeable rock; the depth of
[ water is 2.50 m. A long
cofferdam 5.50 m wide is
formed by driving two lines of
sheet piling to a depth of 6.00
m below the level of the river
bed, and excavation to a
depth of 2.00 m below bed
level is carried out within the
cofferdam. The water level
within the cofferdam is kept
at excavation level by
pumping. If the flow of water
into the cofferdam is 0.25 012345 10m ]
m3/h per unit length, what is ]

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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the coefficient of permeability of the sand? What is the hydraulic gradient
immediately below the excavated surface?

Solution

The section and boundary conditions appear in Figure (a) and the flow net is
shown in Figure (b). In the flow net, there are six flow channels (three per side)
and ten equipotential drops. The total head loss is 4.50 m. The coefficient of
permeability is given by

. —
h(N¢ I Ny)

~ 0.25
4.50%6/10% 60

(b)

=2.6x10"m/s

......

% o i H
A S ¢ '
~ w v

VAV AT A A S S S S A S S A A A A A A A A A A A A S S A A A A 4

The distance (As) between the last two equipotentials is measured as 0.9 m.
The required hydraulic gradient is given by

. Ak
I=—
As
4.50
= ———=0.50
10x0.9
Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi
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I Example 5.19

The section through a dam spillway is shown in Figure. Determine the quantity
I of seepage under the dam and plot the distributions of uplift pressure on the
i base of the dam, and the net distribution of water pressure on the cut-off wall
I at the upstream end of the spillway. The coefficient of permeability of the
| foundation soil is 2.5 x 107 m/s.

I Solution

i The flow net is shown in Figure. The downstream water level (ground surface)
I Is selected as a datum. Between the upstream and downstream equipotential,
I the total head loss is 5.00 m. In the flow net, there are three flow channels and
| ten equipotential drops. The seepage is given by

LSS S
012345 10 15 20m

Net pressure on
wall, Upet (kPa)

TRRN L 0 10 20 30 AN

0 «

Uplift pressure 10
on baseof 2p
spillway (kPa) 30

40

IS

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi
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I The calculations are shown in Table, and the pressure diagram is plotted in i
I Figure. The levels (z) of points 5-8 in Table were found by scaling from the 1

I : I
- diagram. -
I ]

i J
- ]

1.00

Uao ]
| 150 -1.40 2.90 28.4 [

- 2.00 -1.40 3.40 33.4
:: 2.30 -1.40 3.70 36.3 ]
D EEEEEE - ]

—

500  6.40 228 3.68 26.7 i
450  7.57 237 5.44 20.9 !
400  9.20 250 7.70 14.7 ]
350  9.50 3.00 9.00 4.9 i
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- 5.12 Seepage through Earth Dam i
“ Earth dams are used to store a large amount of water since the dam is -
u constructed using soll, thus there is a flow through this soil u
| ]
ﬂ" Homoganeguszdom free water surface H
=% water surface or seepage line

unstable zone I

impermeable foundation

u From the figure above it can be seen that the downstream of the dam is H

. unstable zone, thus always used drain must be used. ]
Dam vith a drainage blanket

water surface free water surface
/ crey y

drainage blanket

Cry Ory I

The flow through an earth dam differs from the other cases in that the top flow )

line is not known in advance of sketching the flow net. Thus, it is a case of y
Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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11 Hydrautic Fill I

Il |

I 7

I 5 : / il

:: A e

I Thuick Central Core Thin Central Core ;

i |

I - I

H s f |

H oo / e ;

I s :

I Inclined Core |

\ , }
% i W Oy &

H Concrete Deck & sphaltic Concrete Deck ]

I

i

I

i

I

i

Il

i

I

i

I
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B e e e B R . e R e e e e e R e e Y

unconfined flow. The top flow line, as well as the flow net, will be dependent
upon the nature of internal drainage for the earth dam. Typical cases are shown

in Figure; the top flow line only is shown.

nl|| |

Top flow line
W

P SN SN

AN |mpervious

(a) Homogeneous dam without internal drain

||I|I k]

Pervious blanket

Top flow line
W

[ T DT T T e e e TR
SN e S RNCTRNC

Impervious
(b) Homogeneous dam with underdrain on pervious blanket

|-|||| k]

Top flow line Drain pipe
¥

ATESNNNTENNE .
Impervious

(c) Homogeneous dam with chimney drain

H|I| <]

Rock toe

Top flow line

SPLERNNG LN . ARLESSNIEE NN
Impervious E

(d) Homogeneous dam with rock toe on the downstream side

Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi
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Water level B Homogeneous

clay embankment

Drainage layer

A 7/ ZANNN Impemeable rock

Boundary condition
AB is equipotential line
AC is flow line

BD is the top flow line, at all points of this line the pressure head is zero. Thus
BD is also the ‘phreatic line’; or, on this line, the total head is equal to the

elevation head
Example 5.20

For the earth dam shown draw the flow net and find the quantity of seepage, if

k 5108 m/sec 15.00m
- "'l . —_ .
~T 25 _— | ~— 2.
i | el
woon g, g L
i . — 1 . e r———— : \\
[ l 5.50 [ —
a5 00m —— > 15.50m

(a)
Solution

A L -+ ; i

q=kH-L=5+10"%+18 = =2+ 107 m¥sec/m
d
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© 5.13_Seepage Control in Embankment Dams i

The design of an embankment dam section and, where possible, the choice of
I soils are aimed at reducing the effects of seeping water. Where high hydraulic ]
i gradients exist there is a possibility that the seeping water may cause internal d
I erosion within the dam, especially if the soil is poorly compacted. Erosion can i
I work its way back into the embankment. A section with a central core of low H

i permeability, aimed at reducing the volume of seepage, is shown in Figure. i
I ]
! |
[ Crest ]
l = ]
i {Zhim_neyr -
ﬂ% drain H
ﬂ% Shoulder Shoulde i
Df - — ) i
. ]
. ]
. =— ]
. ]
. ]
. d
. ]
. 7 ]
L 5 ‘ ]
. / ;
H :62:;55;’4}— Grout curtain !
g%

T 77777777 7777777777777 P75 5F 7777777 7777777777777 i

(b) I

i3
i
i3
i
i3
i
i3
i
L
ﬂo
| = \ !
| Impermeable upstream blanket \% ]
N i
Ho D o ‘\\\‘\‘\\\‘\\\‘\‘\\\\ %g.ﬂ o}
I
I -
L ]
) ]
I i
i (c) ;
i I
U% :L
i |
Ua, S’L
i |
- P
i |
- P
i |
Iy J
I i
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I 5.14 The Design of Filter :

Filters used to control seepage must satisfy certain fundamental requirements.
I e The pores must be small enough to prevent particles from being carried ]
i in from the adjacent soil. d
I e The permeability must simultaneously be high enough to ensure the free i
| drainage of water entering the filter. ]
i e The capacity of a filter should be such that it does not become fully i
I saturated. 1
L ¢ Inthe case of an embankment dam, a filter placed downstream from the ]
I core should be capable of controlling and sealing any leak which Il
I develops through the core as a result of internal erosion. ”
I e The filter must also remain stable under the abnormally high hydraulic i
| gradient which is liable to develop adjacent to such a leak. )
. It has been shown that filter performance can be related to the size Dis ;
I obtained from the particle size distribution curve of the filter material. The ]
I characteristics of the adjacent soil, in respect of its retention by the filter, can ]
[ be represented by the size Dgs for that soil. The following criterion has been i
| recommended for satisfactory filter performance: )
. (DI )i <5 ;
I (Dss)s I

Where (D15)f and (D85)s refer to the filter and the adjacent (upstream) soill, ]
respectively. -
In the case of filters for fine soils the following limit is recommended for the filter ]
material: -

D; =0.5mm ]

5.15 Flow Nets in Anisotropic Medium j

In nature, most soils exhibit some degree of anisotropy. So to account for soll ;
anisotropy with respect to permeability, some modification of the flow net g
construction is necessary, where most soils are homogenous anisotropy. ]
Homogenous soil: soils that do not vary in properties in both direction from -
point to point vertically or horizontally. |
Isotropic soil: soils that have similar properties at a given location at al planes p

in all directions ¥
Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi 5
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I In anisotropic soils, the differential equation of continuity for two — dimensional i
. flowin, where k« # kz , is 1

\o ] _ °‘
L ky—+k,—=0 ]
| ox o7 ]

I In that case, the equation represents two families of curves that do not meet at ]
i 90°. However, we can rewrite the preceding equation as i

) 0%h o%h ]
I > +k,—=0 l
I (k,/k,)ox oz JJ
l ]
| Substituting x' = \sz / k. .x then ]
| ]
. o’h  o%h ]
l =0 ]
| ox? o7’ ]

[ To construct the flow net, use the following procedures: i
| 1. Adopt a vertical scale (that is, z-axis) for drawing the cross-section. )
2. Adopt a horizontal scale (that is, x-axis) such that horizontal scale
) =/k,/k, (vertical scale). ]
. 3. With scales adopted in steps 1 and 2, plot the vertical section through the -
I permeable layer parallel to the direction of flow. I
4. Draw the flow net for the permeable layer on the section obtained from )
step 3, with flow lines intersecting equipotential lines at right angles and -

the elements as approximate squares. ]
Depending on the problem geometry, we can also adopt transformation in the e
z-axis direction, in the same manner, describe above by adopting horizontal |
scale and the vertical scale will equal horizontal scale multiplying by \/k,/k, .
l.e. that the continuity equation will be written as follow: ¥

2 2 |
6‘_k+6h:0 where 7' = [k, [k, 2 ;

I
I
I
I
Il
I
I
I
I
I
I
I
I
I
I
I
I
I
I
u
I
& 2 2
H" 5x2 6z’ ‘|
ﬂ%
I
I
I
I
I
I
I
I
I
I
I
Il
I
I
I
I
I
Il
|

The rate of seepage per unit width can be calculated by the following equation

— N
q=k, H{§=[k k, H Vf j

4 ‘(l |

Where ke effective permeability to transform the anisotropic soil to isotropic soil ¥
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I Transformed Scale

Natural Scale

U > P — ?b
‘T’ h—-;«:u—b: PR dommmmmmeo
s Flow direction ! | '
I ! - ! | 1k, /k, H
I
" Al Al
f k,—b)=k, e, =Kk k.
H l Sk, [k, S
I
|
I
| Transformed Scale Natural Scale
|
I
H° Flow direction
I
|
| 4
I
| 1T 1" —
l R
u *b
i 1
—_——— -
I
1
]__L__

Al Al

ke?l(l)zk: ?I'I k.\'/k: = ke =\k.\-'k:

5.16 Transfer Condition

more pervious soil.

In case of flow perpendicular to soil strata, the loss of head and rate of flow are
influenced primarily by the less pervious soil whereas, in the case of flow
parallel to the strata, the rate of flow is essential controlled by comparatively

Civil Eng. Dept. — College of Eng.
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I The following shows a flow channel (part of two — dimensional flow net) going
| from soil A to soil B with kA * kB (two layers). Based on the principle of
continuity, i.e., the same rate of flow exists in the flow channel in soil A as in
. soil B, we can derive the relationship between the angles of incident of the flow
, paths with the boundary for the two flow channels. Not only does the direction
I of flow change at a boundary between soils with different permeabilities, but
| also the geometry of the figures in the flow net changes.

i As can be seen in the figure below, the figures in soil B are not squares as is
| the case in soil A, but rather rectangles.

(168)

- Aqy=Aqp

I Ah

I 4

“ Al

. AMqp=kp——bg

! Ig

I

H Ah Ah

I

H k [—bA =kg [—bB

I A B

-l Ip

11 S =tana  ---and--- = =tanog
- by by

5

| k, _ kg jkA:tantxA
I

i taner, tanoy kp tanagp
u

u

u

u

u
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Homework Chapter (5)

i 5.1 A permeable soil layer is underlain by an impervious layer as shown in i

I Figure. Knowing that k = 4.8*102 cm/sec for the permeable layer, calculate 1
. the rate of seepage through this layer in m3/hr/m width. Given: H=4.2 m -
I and o = 6°. Ans. Q =7.54x10 m*hr/m ]

o
%
‘o

Groundwater table (free surface)

¥

—)-IQI-(-..

! Ir_
§

°
‘o
o

IJQ-&.,

. 5.2 Find the rate of flow in

I m3/sec/m (at right angles |
) to the cross section ]
shown in Figure, through
| the permeable soil layer. J
Q;» Given:H=4m,Hi=2m, %‘
h=275m,S =30 m, o Direction —— ] ;
= 14°, and k = 0075 MY —,
cm/sec. ‘

Ans. Q = 1.29x10“* m® /sec/m

5.3 A layered soil is shown in
Figure. Given that
Hi=1mki=10*cm/sec
H> =1 m k= 2.8*102 cm/sec
Hs =2 m ks = 3.510° cm/sec
Estimate the ratio of equivalent permeability,

Kriea)/Kv(eq). Ans. 118.32 !
o

i

o

i

o

]
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I 5.4 The figure shows the cross-section of a levee that is 500 m long and is i
I underlain by a 2-m-thick permeable sand layer. It was observed that the 1
guantity of water flowing through the sand layer into the collection ditch is

| 250 m3/day. What is the hydraulic conductivity of the sand layer. I
I Ans. k = 3.125 m/day ]

| Elv. 160 m ]

H P Elv. 150 m oH

| e 125 m

hJ

H B Impervious [ Sand H

H 5.5 Consider the setup shown in Figure in which three different soil layers are H
. located inside a cylindrical tube of diameter 150 mm. A constant-head ]
I difference of 470 mm is maintained across the soil sample. The porosities i

I and hydraulic conductivities of the three Soil | n k (cm/sec) I
I g , , 1
I sgls |.n the direction of the flow are as [ 05 |5%103 ]
<, given in th(=T table: | i 06 42102 [
a. Determine the quantity of water A

1 0.33|3.910* 2

flowing through the sample per hour. |
b. Denoting the downstream water level )
(Y-Y) to be the datum, determine the elevation head (he), pressure ¥
head (hp), and the total head (h:) at the entrance and exit of each soll ]
layer.
c. Plot the variation of the elevation head, pressure head and the total i
head with the horizontal distance along the sample axis (X-X). j
d. Plotthe variations of discharge velocity and the seepage velocity along g
the sample axis. ]
e. What will be the height of the vertical columns of water inside -
piezometers A and B installed on the sample axis. ]
Ans.: (a) 536.4 cm?hr., (b) 220mm (d) at A = 656.29 mm at B = 656.29 mm 5
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Uo M BT Constant-head H
v difference = 470 mm H

|
|
|

|

H +

Soil IT Soil 1
SREASRE | e : A

A S I A
B TS
e i (3

':Eor.s‘a"':?:‘..?' '1:0‘..\ 2

“Luiﬁjl._uiq'!'. u“.-"l. LA

:-(— 200 mm —l-:-(— 200 mm —h-I-(— 200 mm —h-i

'oh 3
g
Ao H

'-c_.l

b

H ﬁﬂ -4 48 , : H
| : : [
n . . 4.2 ! . ' . . . : So
. 5.6 For the flow situation A L ]
i shown in Figure, 2 I N i
3 . Ni : &
I compute the vertical S N s J
- . c 7
L effective stress in the 824 N J
u _ 8§l N
I sand at elevation +1.2 JE|"1s N H
i 29 & 8, o
m Gs = 2.60 and S = ] B I % e
0 e /
% 0 & Q)é/ &
LL, 100%. 08| ]
l Ans.: ¢’y = 0.844 kN/m? o - o
| ” 0 06 12 18 24 30 o012 |
W Head (m) Velocity H
(cm/sec)

5.7 In a certain sand deposit, with Ysar = 20 kN/m?3, the water table is at the ]
ground surface. Compute the total stress, pore pressure, and effective -
stress on a horizontal plane at a depth of 4.5 m for each of the following i
cases: a. Static groundwater. b. Upward flow under a gradient of 0.5, )
Ans.: (a) o’v = 45.86 kN/m?, (b) o'y = 23.78 kN/m? il

5.8 A jar 100 cm high and 10 cm? in cross-sectional area is filled with soil and ]
water having an overall average unit weight of 10.57 kN/m3. The specific -
gravity of the soil is 2.80. For each of the following three cases compute |
oV, u, and, c'v, at the bottom of the jar: j
a. Uniform slurry. b. The sediment of soil 5 cm thick and seawater, Yw g

10.07 kN/m3. c. The sediment of soil 6 cm thick and pure water, yw )
9.81 kN/m3. For cases (b) and (c) compute the void ratio of the j

sediments. Ans.: (a) o, = 10.57 kN/m?, u = 9.81 kN/m?, ¢’y = 0.76 kN/m?, (b) oy = -

10.567 kN/m?, u = 10.07 kN/m?, o’y = 0.497 kN/m?, e = 0.8255, (c) o, = 10.57 kN/m?, u :

=9.81 kN/m?, o', = 0.76 KN/m?, e = 0.412 :
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~ 5.9 For the setup shown. Plot to or |

| scale elevation head, i , o )

pressure head, total head . i

I and seepage velocity versus 1

L distance along the sample g n=0.33k=1cm/sec >

i axis. ~§ ]
o

u 0= |

+10—
I . ]
. 5.10 For the setup shown, compute the *° - ]
\ ) . _ 1 |
. vertical force exerted by the soilon  *+8 | i ;
| Screen A~ZAr) . " )
I screen A and that on screen B. +7[ 1| Tube diameter =0.5m i [
o% Neglect friction between the soil +6(— Sand n = 0.33 -
u k=1 cmisec .
i and tube. Gs= 2.75. +5- I
Screen B
| Ans.: @A = 11.55kNT, @B = 6.44kN 4 L |
u = )
u i ]
U‘:, +2 OU
| J
I +1f ]
| ol !
L i
ﬂ% +125 i’
i 5.11 For the set up shown: Steady PRI i
L vertical seepage is occurring. 0 5 ]
i : Soil A 2 |
- Make a scaled plot of elevation kot cmisec § i
L Ye=20 kN/m?3 =z “
I versus pressure head, & |
I -
Il ) 4
i pressure  head, seepage =301 . :
i velocity, and vertical effective & A— =35
% = 3o
Q% stress. Determine the seepage § Soil B Z i
I, o k =0.5cm/sec i
H, force on a 1 m cube whose @ ool v =19 kN3 2 j
I center is at elevation -4.5 m. Gs _ )
i . ' |
L for all soils = 2.75 — 75
L‘% é’L
I Soil € |
i —g 0 k=2 cmisec 4
L ) v =21 kNjm3' 2
i |
H% Civil Eng. Dept. — College of Eng. Soil Mechanics Assistant Prof. Dr. Ahmed Al-Obaidi :
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I 5.12 For a sandy soil with Gs = 2.68, calculate the critical hydraulic gradient i

I that will cause boiling or quick condition for e = 0.38, 0.48, 0.6, 0.7, and 1
2 0.8. Plot the variation of icr with the void ratio. -
i Ans.: e 0.38 0.48 0.6 0.7 0.8 I
I ic 1.22 1.14 1.05 0.99 0.93 ]
I . . . . ]
I 5.13 An exploratory drill hole was made in a stiff saturated clay having a i
| moisture content of 29% and Gs = 2.68. The sand layer underlying the J
°% clay was observed to be under artesian pressure. Water in the drill hole .
H rose to a height of 6 m above the top of the sand layer. If an open H
4 excavation is to be made in the clay, determine the safe depth of -
I excavation before the bottom heaves.  Ans.: H=6.91m I
T Exploratory drill hole \
L ]
U% X l :U
l )
l + d
l )
| 10 m ;U
| 6m )
H J
H )
I Ny _Y )
| i ]

5.14 A 10-m-thick layer of stiff saturated clay is underlain by a layer of sand. -
The sand is under artesian pressure. A 5.75-m-deep cut is made in the y
clay. What would be the maximum permissible depth of cut before )
heaving would occur. Determine the factor of safety against heaving at -
point A. Ans.: H=6.88m, FOS = 1.36 ]

Pt = 1925 kg/m®

10 m

Saturated cl : fA
6m |

1
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I 5.15 Refer to Problem 5.14. Water may be introduced into the cut to improve i
| the stability against heaving. Assuming that a cut is made up to the [
maximum permissible depth calculated in Problem 5.14, what would be
I the required height of water inside the cut in order to ensure a factor of ]
l safety of 1.5? Ans.: H=3.0m J
I 5.16 Refer to Figure in which upward i
| seepage is taking place through a
i granular soil contained in a tank.
I Given: H1=15m;H2=25m; h=
l 1.5 m; area of the tank = 0.62 m?;
I void ratio of the soil, e = 0.49; Gs =
| 2.66; and hydraulic conductivity of l
I the sand (k) = 0.21 cm/sec. RN SR S

I a. What is the rate of upward Valve (open)
\
l seepage? Inflow — i

I b. Will boiling occur when h =1.5 I
I m? Explain. ]
I c. What would be the critical value of h to cause boiling? i
| Ans.: (a) g = 781.2 cm®sec, (b) No. (c) h =2.77m )
. 5.17 Referto Figure of Problem 5.16. If H1 =0.91 m, H>=1.37 m, h = 0.46 m, d
I Ysat = 18.67 KN/m3, area of the tank = 0.58 m?, and hydraulic conductivity |
of the sand (k) = 0.16 cm/sec, )

a. What is the rate of upward seepage of water (m3/min)? y

b. If the point C is located at the middle of the soil layer, then what is the )
effective stress at C? Ans.: (a)i = 0.336, (b) g = 0.0187 m®min a

5.18 A cutis made in a stiff, saturated clay that is underlain by a layer of sand. ]
What should be the ______ j

. A h, i Yeat =10 kN/m? }
height of the water, : I
. Y b

h, in the cut so that Hesm x :
e . |

the stability of the 7™ T i
saturated clay is not \ Bm ]
|

lost? v . __l_ A
Ans.: (@) h =0.63 E 3 s
) |

i’“ Yt = 18 KiVm3

- é’r

o

]
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5.19 Refer to figure. Given: H1 =6 m, D

=3m,H2=1.5m, D1 =6 m, draw a

flow net. Calculate the seepage loss
per meter length of the sheet pile (at
a right angle to the cross section

shown).

Ans.:

Nt = 4, Ng

77.76*10° m3¥day/m
5.20 Draw a flow net for the single row of
sheet piles driven into a permeable
layer as shown in Figure. Given:
*Hi=3m,D=15m
*H2=0.5m, D1=3.75m, Ans.: Nt =3, Ng =5, q = 0.518 m®/day/m
5.21 For the hydraulic structure shown in Figure, draw a flow net for flow
through the permeable layer and calculate the seepage loss in m3/day/m.

Calculate the
hydraulic uplift
force at the
base of the
hydraulic

structure  per
meter length
(measured

along the axis
of the

structure). Ans.:

:8,

Nt =5, Ng = 12, g = 7.2 m¥day/m

5.22 Draw a flow

net for the
weir shown
in  Figure.
Calculate
the rate of
seepage

under the

q:

S = 0.002 em/sec I I

«— Sheet pile

—_

i k=4 x10~*cm/sec

I

-
-

37Tm

welir. Ans.: Nt = 4, Ng = 14, q = 2.1 m®/day/m

¥
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I 5.23 The figure shows a concrete dam. Consider Case 1 without the sheet pile i
| and Case 2 with the sheet pile along the upstream side. [
a. Draw flow nets for both cases.
H b. Determine the value of for both cases. (Note: g = m3/s/m; k = m/s.) u
l c. Determine the factor of safety (FS) against heaving, for Cases 1 and ]
I 2. Comment on any differences in the magnitude of FS. i
| d. Estimate the seepage force (kN/m3) at point A in the direction of J
i seepage for Cases 1 and 2. Comment on any difference in the ]
I magnitude of the seepage force. 1
U% Ans.: case 1: Ny =4, Ng = 11, g = 0.909 m®day/m, FS = 1.67, seepage force = 1.4 kN/m? :U
I case 2: Nt = 3.5, Ng = 13, g = 0.673 m¥/day/m, FS = 1.97, seepage force = 1.33 kN/m? i

Il
H 5.24 Draw the flow net for seepage )
under the structure detailed in

I Figure and determine the

H quantity of seepage. The

H coefficient of permeability of

| the soil is 5¥10° m/s. What is

i the uplift force on the base of o
u

u

u

u

u

u

u

u

u

u

H

TR I

the structure. aoom I 7.25m ]
Ans.: Nf=3.5,Ng =9, q =5.8*10° m%sec/m :

S |
J

-

|

7 J

-
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I 5.25 The section through a long cofferdam is shown in Figure, the coefficient i

I of permeability of the  ——— = .
L ——— 9.00m ———»

- soil being 4*107 m/s. 3.00m | .
I Draw the flow netand o« ! . ‘ -
i determine the I N . ]
. . | 2
I quantity of seepage 5.00m  pr=7 | i
l entering the I 2.00m |
| S O S s === |
; cofferdam. | DI Iz.m}m H
i N = - - . O

| Ans.: Nr=10,Ng=11,q9 = 5.00m | i |

o% 4*10° m¥sec/m , :
| ]

I — 7 Il
U 5.26 The section through sheet pile is 2 Uf = ”
shown in Figure, the coefficient of =% {
I permeability of the soil is 2.0 x 10— 3:00Im ]
- 6 m/s. Draw the flow net and % =7
H determine the quantity of seepage. 3.00 m u
Ans.: Ns=4.2,Ng =9, q = 4.7%10° m®sec/m l
I J
I 3.50 m Il
Il T

7 l 7 7 ‘

5.27 The dam shown in Figure is located on the anisotropic soil. The I
coefficients of permeability in the x and z directions are 510" and 1.8*10° |
"'m/s, respectively. Determine the quantity of seepage under the dam. ¥
Ans.: Nf=3.25, Ng = 12, g = 1.1*10° m®¥/sec/m ]
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5.28 Details of an excavation adjacent to a canal are shown in Figure
Determine the quantity of seepage into the excavation if the coefficient of
permeability is 4.5*10-5 m/s. Ans.: N¢=3.3, Ng = 7, g = 5.9*10° m*/sec/m

0.8m

5.29 Determine the quantity of seepage under the dam shown in section in
Figure. Both layers of soil are isotropic, the coefficients of permeability of
the upper and lower layers being 2.0*10° and 1.6*10° m/s, respectively.
Ans.: Ny =5.6, Ng = 11, g = 1.0*10° m®*sec/m

5.30 Using the flow net shown below in Figure. Compute the uplift pressures
acting on the bottom of the concrete dam and develop a plot.

¥ |- 33m . 20m - 25M e
el. 134.2m AV
reservoir concrete
m L
L i2as 0 da WY, el. 126.1m
el -om .,‘.-..- P R o S - X SRy AR T el. 124.3m
. “ . ‘. -_‘: ..i. "f R -" - -. s .-_l{,- ~ . "J... .
e T N LN SR N AN
. Sty sand <N\ s RIS m L A ) Sy el 116.0m

s

K =810 mis 7

el. 96.8m

.
w1
.
54‘
. -
"
-

L

Pmpervious layer

Y

4

s
o S TS A

7\, . o
.6 NI Y
. " L2

=1 ..

L -

A O
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