CuaPTER B

Seepage Through Soils

7.1 Introduction

Spepage is (e flow of water under gravilational forcesin a permeatle medium. Flow of waler takes place
from a point of high head o a point of low bzad. inone dimensional llow, y/here Darcy's law is valid, (he vetocity
ol llow is laken constant al every poinl over a cross section narmal 1o the ditection of flow. However many
practical situations (like flow through earth dams, sheet piles) the llow of weater is not unidirectonal and velocity
of water does not remain constanl. In such cases, the quanlity of seepage and other paramelers such as
hydraulic gradiant and pora waler pressure are estimated by the help of {low nets. The concept and constiuglion
of flow nets are based on Laplace's equation of continuily.

7.2 Type of Head
There are three types ol head avaiiable in flutd ftow:
(i Velocity head (i) Pressure head (i) Dalumncr elevation head

(Iy Velocity head
v?
» ltisequalio E_o? .
«  Since laminar flow occurs during the SEEPAge and velacily 1 very small during laminar llover.
Henco in scapage analyss, velocity head may be neglected.

(i) Prassure head

« ltis equalio -i

L}
« If apiezomelet Or an open sland pipe is inserled at a point of flov, waler wauld stand al a
partcular height inside ihe piezometer.
«  The actual height of rise of waler column in ihe piezometer, represents tne pressura head.

(iily Dalum or plevalien head
« s represented by 7.
+  The elevalion or datum head at a point is the vertical distance al that paint ineasured fromaEn
assurned dalum. Generally, datum is assumed at 1ail waler kzvel.



7.3 Total Head

73.1

and, exi ; i
exit end ard point £ of tha sample. What are the discharge (supeticial) and sespage velacity of

llaw?

Total head = velocity head + pressure head + elevalion head

* Here, Tolathead = 0+£4 z

W
Ihe datum is equal lo tolal head,

eqgual.

Head Loss

I’V.’ . . . . ’
e inserl a sland pipe at a point of flow:. Ihe elevation of watar level in stand pipe with reference;o

! i i i '
N seepage analysis, velocity head is neglected. Hence lotal head ang piezomelric head both ara

o2 The gi . .
##The dilference in lolal head behween two points in a soil through which flow is occurring is represented

by Ihe head loss during the flow batveen Ihese poinls,

. s . .
1 flow is oocurring through (he sail sample, the total head is assumed to reduce during flow

Determine the pressure head, alevalion head and tatal heabat the _e;ﬁiering_ ]

Sard

L~
k=45x%10" mis
n=40%

Solution:
Assume datum is laken at £L 0{m).

Elevotion of paint | Etavation Head | Pressuro Head|  Tota$ Hend | Head Loss
(m) {m) m |EH<PH@m)]  (m)

A 9 0 9 0

a 6 a ] 0

c 3 =3 0 9

0 0 [ 0 §

| 4 -1 ! 3 6
—_—

15 convenicil 1o irst delermine the toal head ioss due 0 sand specimen which is equal 10 2
p . r | i hicl k]
lerence of inifial and hinal wate level. Mow deterr ine the elevalion and total b eads, and thencalcuala
A

T T

the pressure head by subsiracting elsvation head rom the tolal head. This procedure can be adopie<i

tor any point within the soil,

Head loss due (o sand specimen, AH=9-0=9m

. 9
For point £, Ihe head loss uplo Pis calculated proporlionately as 3 %2 =& m. Thus the tolal head =t

Pis e'qual (o lolal head at 8 (S m) minus the head loss uplo P {6 m}.

ie. g-6=3m
The pressure head is computed last; il is ihe tolal head — glevation head
ie. 3-4=-1m
We know, discharge (superficial} volocily is given by
AH < 9
veki= k= = 45%10 5x5

= 1.35 x 10"* mys or 0.135 mmysec

The seepage velocily, vgis given by 1he eguation,

Vg = ‘; = -()'—01.3—5 = 0.3375 mm/sec
The soil profile below a laks
with water level at elevation = 0 m and lake botlom &t T
elevation = 10 m Is shown In the tigure. A plezomeler
{stand plps)instalied in (he same tayar shows a reading or %
of +10 elsvallon. Assume that tha plezomelric fead is Loka Loko botiom
uniform in the sand layer. The quantity of water In cum ok Pl
par day, flowing [nio the lake from the sand layer through
the siit tayer per unit area of the lake bed would be? S = 10" mis)
Solution; stk U
Given, k=10%mfs
= 100 x B0 x 60 x 24 m/day sand
- 0.0864 miday ol [ meanesanprossud)
L=20m,
A=tm?

Yolal head available at ihe boitom of sill stratum
= Elevalion head + Pressure head

= 10+40=50m

Tola! head avaitable at the lop of silt slratum
= Elevationhead + Pressure head
= 30+ 10=40m
- Head loss duc 1o silt stratum,
AH = 50-40=10m
) . AH 10
Hydraulic gradient. i= T =2

Q= kih

= 0_5

By Darcy's law

= 0.0864 x 0.5 % 1 cumfday = 4.32 » 102 cum/day



A cangl and a river run perallel with an avarage distancs of 80 m a'pan. ﬂ;‘
-elevation of the water surface in the canal i3 al 256 m and in the fver at 342 m. A stratum of gang
Intersact both the river and the canal below their water levels. The sand (s 2 m (hick and is sandwichagy
between strala of Imparvious clay, Compule the :aspage loss from the cenal In m¥%da

8 y-km, it thg
pormeability of sand [s 4.5 x 10-5 m/s, '

Solution: 50 m -
Head loss, H, =350-342=8m v
o Ho 8
o Hydraulicgradient, i= -t = =~ 2 -_
yeradicgradent.  i= T =8 % 1 > — :
Using Darcy's equation, O=kiA T 2{'“ Sod .
5[ 86,4005 1
= 45%10°5% 2R
( e ]xmx(z mx 1000 m)
= 777 6 m¥day-km

7.4 Seepage Pressure and its Effect on Effective Stress

»

Flg. 7.1 Seepage pressure [n Sall

Seopage Prassure: When waler flovs Ihrough the saturated soil mass, il exerts the pressure over
the solids by the viriue of viscous friction and is reterred ag seepage pressuse.

Hence, seepage pressure is the pressure exerled by the valer over the soil solids in the mass
thraugh whichit percolates.

1" is the hydraulic head (i.e Head loss) under which flove is taking place, then seepage s given by

pP. = hy, i
Also, p o= Ezr..\

$ 7
o P, =iz,

H A be the area cross-section, ten seepage larce is givan,by

P, = scopage pressure {p,) x A

iz %A

H

= (zxA). ¥,
=iV Yw o
Seepage per unil volume is known as "specilic seepage loree™ which is given by
g iVye
Pu=p =y it

pressure akways acls inhe direction of flow. Hence vertical pressure (cHeclive slress)

Secpage notfi !
al any given sectionin flow condilion, may sither increase or decrease.

o 5 = 0%F,
ehere  § = elfeclive siress under no fiow condition
P, = seepage pressure under llow condilion
741 NoFlow Conditlon
+  Thefigure shows alank fited with submerged soil. Sin
vall oceur,

i

ce the valve al Ihe hase is closed, no seggage

|

”;:l}

{H, + HY1.
o

Hite Ha
fig-7.2

« Peessure head, dalum head and lotal head are tabulaled betow,

Polnt l A B c
Pressurp head Hy |HtH | H 2
Oalun heoad H q H-Z

Tomlhead | Hy ¢ H [ M A H H"H‘

«  Tolal slress, pofe walgs pressure and eflective stress and labulated betows:

\
Polni A B l c H
Tolal shoss (0] | Hr oMt o H TR i

T | | v | e
Cfevosiass | o o 0H | a2 i
=0 [ =pw | =2

Tive variations of 6. uand &, are shown in fiqure ahove:




742 Downward Flow

Figure show i i il, 8i
Seg; ’ 9\ s|; 2 lank filled wilh submerged soil, since (he valve al ihe base is open and dow,
pageis allowed. The downward seepage increases in effeclive stresg e

24y,
,

- (H e Hony,

Fig.7.3 Variationofd,uand § with depth downward iiow

* Pressure head, dalum head and total head arg tabulaled halovw:

Point A B c
Proasura boad Hy | Hy+H=B[H +2-1Z
D3tun hoad H a H-Z
Tolhead |H+H{H, s H-hlH 4+ H-Z
wdipee, h = hydraulic head {head loss) under vhich flow takes piace {rom A 0B
Hydradlic gradienl, 7 = % v

The total vertical stress at any point in soil mass is due submérged weightol
pressure depending upon the direclion of flow.,

T . i
otal siress. pore wiater pressure and efleclive slress are labulated below:

soitmass and seepage

743 UpwardFlow

« Figure shows, valve al the botlom of 1ank is open and upward seepage is allowed.

Paint A ] c-
Prossurouad | M, | H +H+h|H+2+1Z
Oatwnhead | H o H-2
‘ T haad | Ho 4 H| Hyt He bl H 4 B4 Z

Where, h

h
Hydraulic gradient, 1 = o

hydratiic head (head loss} under which tiaw takes place [rom Ato B

Tolal slress, pore watar pressure and elfective stresses are 1abutaled below:

Polnt A B =
Tolal sboss o} [ Hh | Y HHTHM Tut 2+
Pouaer [ on | wnereh | wieZ-d
Elfodva s = (=Tl H= 1] = (g = W) H- 15
ey | 0 [FrH-w =yH- b
= H-1Z0 nyH=- 123 J

The variations of ¢. wangd @ are shown in ligure.

|
'{ ‘;_g___g_l ° 3
| A _ H N e N
, -L— : (Hy+ 2X, P
i l R T
Iaow Hite? o, ¢ P lim I-ﬂ*l

Fig. 7.4 Variationofg,uand G with depth for upward Row

7.5 Quick Sand Condition

For upward tlows condition, elfective siress at any poinl vithin soil mass is given by

G=0-p

Point A B c I
Yolal stress (a) | 74 | 7, H+v,M, Yor A TH,
Tt Wi
Pora water M .
pressury () | | Ut H-h) i ¢ 2-iZ)
Effective stress o=V H 4 10 = .
ootf o1~ Ve ' s =T & * 1 J2
5= a-u) 0 —(Hs w =T 2 1)

SR AS A

j

Thevanations ol o, vand g are shown in hgure above

itis clear irom above equalion, upward Seepage pressure decr

L]

=Yz-p,

ellective slresses in the soil maass.

. ihe seepage pressure is such that it equals the submerged weight of the soif mass, then ecllecTive
stresses al 1hat location reduces to zero. Under such condition, cohesionless soil mass lose=s atl

shear slrength. Now soil mass has a tendency (o move also wilk the flowing waler in the upsrsard

direclion.



This process in which soil particles are lilted over the soil mass is called quick sand condilj
also known as *boiling of sand’ as the surace of sand looks it Is boifing.

At quick sand condition, net efleciive siress is reduced lo zero, ie.

on. iy

g=0
. Y2=p,=0 [where p, = seepage Pressury)
o Y2-izy, =0 .
X
Ty Tl

The hydraulic gradisnt under which qu.ck sand condition oceurs is termed as critical hydraulic gradien;
1 void ratio and specific gravily of scil is known, then i, may be given as ‘

G- 1)714'_
=t o e
Tﬂ' Tl\‘

. G-1 o :
. == e .
For fine sand and silts for which specitic gravity == 2.65 and vold radlo e =~ 0.65,

;2881

“” 14065

At quick sand condition, cuhesionless particles of ine sand may siart flowing wilh the water which
may result in piping failure below the nydraulic struciure.

Inorder 10 preven! quick sand or piping failure, the hydraulic gradient should be less then crilical
hydraulic gradient. Hence factor of salety agains| quick sand failure or piping lailura is

i P
FOS. = & | where, = -
i L

NOYE

Quick sand is not a ypa of sand. It is a llow cendition which exists in cahesionlass soil
mass where effeclive siresses are reduced to zero fy upward (low condilions.

Quick sand conditians is found only in fine sand and coarse sills and it is not being
observed in the case of gravels, coarse sands and clays.,

In cohesive sails which posses inherent cohesion, shear strenglh is not raduced to zero
even vhen ellective siresses are reduced lo zero.

For cohesiva soils,

T, = ¢ +5langy’
i g, =fz
then, G =7Yz-p. =0
o T=0+0

Quick sand condilion is nol abservad in gravels and coarse sands which are highly

permeable saifs. As per Darcy's law a targe discharge is requiced to gengrate critical
hydraulic gradient.

. .
Q = Kih; i= 3

e+ Quick sand condillon is geaerally observed . -
IRECRLET b alionis dona belove the GWT and
(i © . whenexcavallonis dona belovitho GIWT and .
L aler ispur'ng'éd oulto keep ll_'\e exo__avaled
§ “arealres fromitor llis observed when sand

“|s under anesian pressure and overlain by a

" clay tayer..

n ren The
A h has water contenl of 38%.
il sampls (sand) obtained from renc . 4
hos o ritical hydraulic gradlent for tha soil. Also delsrmins the

Inethec
ravity of solld (s 2.65. Daterm .
spﬂ?ﬂzri: permissible upward gradlant, If a factor of safety of 3 is considerad
maxim
Sq!uﬁon: .
Given, b
d soil,
for saturale renwo
” g = 0.38x265=1.007 i
. G-t
Naw, critical hydraulic gradient, “® Tra
2651
i = ——— =0.822
o™ 007 =0

I{ the factor of salely Is 3, then
, i 0822 o
Maximom pesmissible upward gradient, /= FOS © = -
i 107 c. A
A 3 m thick soil slratum bas cosfficient of permaabllity 3 x 10° m{srem[ne
d bulk unit welghl 21 kN/m?® at a molsture content of 31%. Dete

e will cause guisk sand cond'tion. what is the (low requirad to

separaté test have porosily 40% an
the head at which vpward seepag
malntain ¢ritical congitions?

5‘?«'”“0"-‘ k=3x107mys, n=040
Gwven v= 21 KN, =031
. e
Using, "= Tve
e
040 = Tre
a= 0.667
R
Using, Y= L
21 1
- ——— = 16.03 kKN/m!
We gel %~ 1503t




Also, = Gy.,
= —p
1+¢
16,08 = Gx9.81 -
1+0.667
o 16,03 x1.667
6=~ -
Now, we can use, . _G-1 27241
fee = Tve = i0667 © 1.034
Also, i= %I.L
HL
o 3 = 1034
H =1034x3=31m

Hence. 3.1 m of head is sufficient to cause quick sand condition
The llow required locause quick sand candilion can be oblain b;/ Darcy's equalion
Q= kiA ueten
=3x107x 1,034 x 1
= 3.1 x 1077 m¥sec/m?

(Assume unit area)

Example 2. " At s given locatior ick satur lay; nalural wa
s At & given locetion, 8 m thick saturated clay: nalural water content = 30%, |
5= 2. er-lain by sand. The sand layer Is under arteslan prassure squivaleni to 3 m of waler'

head. It is PfOpOSBd {o maks an vali nihac How h
apen pxcavalion | ji
l ; t th Iay- 0 dBBP ¢an this excavalion be made

Seolution:
. wxcnvation
. Let the sale deplh of excavalion = y m ’ T el
~ Thickness of clay overlaying sand at excavalion site 1 I
= (B-x)m
The boilom of excavalion will remain stable as fong as 3a—yo 3 o
the downward slresses dise lo clay stratum are more 6,527 fortem '
\han upv‘Jard pressure due to artgsion head in sand. :'
Far maximum deplh of excavation, (he dovnward and P " ] ij under aroslon
upward pressure should be just equal o sang PO CI
(8 - x}.ff-i“,l;vly = 3x ‘r.x {')
where . Gre
v T:nl ciny T f+0 ty
yhere €= wE=03x27=081
] {2.7+0.89
logtoay = m—z x8.81 = 19.02 kN/m?
On substituting vatues of Yemclny 2N Y, w2 get
o v v =
(8-x)»19.02 = 35981
8-y = 155
r=8-155=645m "

Maximum depthof cut = 6.45m

Allarnalive approgch:
Head loss during flow, H = 3-(8-x
A . 3-{8-x)
d po AT
Hydraulic gradient, i B
For maximurm depth al cut, =i,
3-(8-y _ G-1
(B-x)  1re
3-(8-x) _ 27-7 _ o
Bon - w0l 0%
-5 = 7514-0939x
1.939x = 12314
x = 645

A layer of clay of thickness 12.5m Is underlain by sand. The salurated unit.
walight of lha clay is 18.5 kN/m?. When the depth of an opsn trench excavatad in tha clay reached 2
dapih of 8 m, the bottam cracked and the water starled enlering the Irench from below. Determina thex
height to which waler would have risen from the top of sand in & bore hols it vere driiled Info s&nd prios
10 the excavation. Take v,, = 10 kNfm®

solution!
Lel f1be the height of the waler table above the top of

ihe sand as shovin in figure.
Wa know quick sand condition will start in sand when T ikl N g GWE
nel eflective stress becoma zero attop of sand. ]l :
]

am

Tolal siress on top of sand below trench,
o=451,

Lel h bethe artesian pressure head

- Pore pressure due (o anesian head.
u= h“,)'“,‘-: hwx 10

45m

Effective slress. g =0-u
=4.57,-10h,
For quick sand condilion, g =457,-100,=0

. 457,  45x185
' = et =0 =8325m

A125m jayer of soil having the poroiny 0.35 and specilic graviiy 2.65 4s
subjected to an upward seepage head of 1.85 m. What depth of coarse sand wou'd be required abowre
the existing soil to provide a factor of salety of 2 against piping? Assume that coarse sand has e
sama porosity and specific grovity as the soit and there is negligible head loss in sand.

Example7.8

Solution:

Lot x be the depth of coarse sand required above existing soil.
e

Using:. n=—— =03b



035+035¢ = ¢
e = 0.5385
(G+e
ve )
1+0.5335
= 20.33kN/m?
7714 = Y:al-‘lw
= 20.33-9.9¢
= 10.52kN:?
Dovivardfoece
Upwardforce

f

et

)x9.81

O TTTT

FOS =

o Davwnward lforce due lows of soif

Upwardtor_ceduelm.asmseepagehead_ 7 2
(.255+ 0% 7., -

 1.85xy, =2
1.85% 9.81 - c
- (125+x) = 345

- z =220m

7.6 Laplace Equations

“ The solulion of two Laplace equations tor the patential and flow

When flowtakes placa (n2-D then Darcy's equalion ¢cannol be used.

In such case of seepags, Laplaca equations are used which it
repr.esenls the loss of enargy headin any resistive medium like sail. ¥
For Isairopic medium
PH PH
—+t—s =0
A
o . - K
Asoilis said to be nonisotropic when it has dillerent permeabilily in
’l:o-rmuluauy Perpendicular direction. For non-isolrapic medium ¢
ptace equalion becomes Fig.7.5 Isotropic medium
22 2
k‘ B—I;-*- ky g—yg =0 !
X
] &
whe dH
fe = - loss of energy head in x-direclion
E = loss of energy head in y-direction K,

x

"
tunctions takes e fonm of (wo families of orthegonal curves Flg, 7.6 N ¢
- , 7. 'on-isotroplc medium

. One set of curve (y-lines) represent the trajectories of scepage and are lermed as {low lines. The
space between two adjacent fiow linas are known as fiow channsl.

» The anothor set of curve (¢-lines) represents lines of equal head and are lermed equipotential lines.
The head loss caused by waler ¢rossing two adjacent equipotential ines is known as polential drop.

Assumpllons mads In Lapiace Equallons:

« Soilis homogeneous and lufly saturaled.

+  Flowis Laminar and Darcy's Law is valid

. Pore walor and soil solids are assumed to be incompressible.

7.7 Flow Nets

The enlire patiern of flow lines and equipotential lines is referred as a fiow net. It is the solution ol
Laplace’s equalion for relevanl boundary condilions, Thus, a fiow net is a graphical representation of the head
and diraction of seepage at evary painl.

77.1 Properties of Flow Nets
¢ Flow lines (y-lines) and equipotential (¢-lines) meql aach

olher othogonally. o % °J %
« Flow lines and equlpotential lings are smoolh continuous
curves, being either elliptical or parabalic inshape.
« There can ba no flow across tha ow line and velocity of ¥
flow is always parpendicular io equipotential lines.
« Atea bounded between wo adjacent flow fines is called 17
flow channet or fllow palh and quantily of water flowing
through each channel is same, ~ v
«  Areabounded between two adjacent equipatential lines and
adjacent floy lines is referred 1o a flow field.
Va

+  For isoiropic medium, flow licld is approximalely square
which may either be linear or curvilinear. Fig.7.7

« For non-isotropic medium, llow lield is rectangutar which
may either be lingar or Curvilinear.

« Loss of head between lwo equipolential lines i.e equipotential drop remains constant for all the
equipotential ines.

«  Flow net remain unchanged if boundary conditions are not altered i.e llow net remain same for Ing
same set of boundary conditions.

722 Application of Flow Nets
Flow net can be used lor the delermination of seepage, seepage pressure, hydrostalic pressure and exil
gradient.

1 Determination of Seepage
Lol Agbe the discharge thraugh each llow channel under the lotal head of #4.

(a) For Isotropic Medivm: .
«  For isctropic medium, flow helds are square in shape. Let'b x U’ be the size of {low lield



AG= kiA = k.ATh(b x1)

Bul for isolropic medium,/ = b

B Ag = kah
It'H be lhe lotal head loss and N, be the number of potential drops.
H
then, M= g
Therelore, equalion {i) becomes
Mg = k_i
Ncl

Let N, be Ihe talal numbar of flow channels.
The total discharge through the complele fiow net per unil lengthis given as
H
q=Aagx N, = k—N,
i Nd !
= kH'_fV_’
Ny

* The ralio N,
ot

shape faclor of the flow net.

{b) For Non-isotrepic Madium:

* Inihis case lhe equalion of continuily assumes tha form

i 2
K ZH, e 2

252 ez =0

o is independent of & and M and is characteristic of the itow nel, This is called

A1)

. . . . L N
Solution of abova equation cannoel be given as ilis notin Laplacian form, so we have to transform

il by substiluling a transtormed coordinate ry for v such thal

H=x /—kL
V&,
o x =7 A—'
‘l}'r
hE ?
K, H +kya al =0
VA
k. alijfy— f(),-'-?’—t{ =0
oy K, )
of gy T 0

(i)

Equation (i) is in slandard laplacian form, flow nel {Row field} foc which can be drawn for transformed
section. On 1his transformed scale, llow fisld will be a square

Let, equivalent pesmeability on iransiormed scaig be k. Alsalet Aqrand Ay, be the quaniity of fioww
through leansformed and aclual se ctionespectively.

Forranslormed seclion, &, = &, Py ! ¥
i ; ik
ah i
- - _ P
For aclual section. By = kXY i ke—fRow [E.. Flcw
1=t
RY
1y —— X
Bul By = By () Transformed saale () Acust scal
AR Fig.7.8
Therefore, ku.y—’x) = kr'—T—“ !
1 oo
Ay
K = k‘ky

Thus seepage quantity, 4G = kaHx_!
o

Note: I flow is in 3-D,

ky= %‘ ke Ky Ky

A concrete gravity dam, 120 m long and 75 mwide, llgs on a permaable 503

Example7.9 .

with & cosfliclent of permeabliity of 40 x 1073 mm/s, The head of weter is maintained at 32 m upsirearn
and zero al the lail-end. Ths soil is under tain by an impervious stratum, The depth [ram the base of llve
dam o impervious stratum is 38 m. A flow not constructed for this condition yielded & tlow channel an d
18 equipotential drops. Whatls lhe seepags loss per day under ihe dam, consldaring B two-dimensionaal

flow.
Solution:
Given,
Coelticient of permeability, k= 40 x 1072 mm/s
4 J
= -———01?&(]) ms
Head loss. H=32m
No. of flow channels, N =8
No. of low channcl, N,=18
4 —3
For homogenous isolropic sail, q= kﬂ.% = 01)658 xS?x% m3fs/m
_ 802107 55 & s (60x60x24) mijojm
10 18

= 49,152 m¥/dim




An earth dem is built on an [mparvicus foundalion with a horizontal fter at 1hg
base near the toe. The permeebliity of the soil In the harlzontal and vertlca! dlractions are
3.2x 102mm/sec and 1.5 x 10-2 mm/sec respactively. The full resarvolr Isvel is 30 m above tha filter, A
flow net constructed for the transformed secllor: of the dam, conslst of 5 flow channals and 13 potentig]
drops, Eslimate the seepage loss per m length isvel of the dam.

Solution:

Given;

Horizonlat permeatifity,

kr‘i = 3.2 %102 mmys
Vertical permeability,

k.= 1.5x 102 mmys

& Equivalent permeability, k= Jipk = JB2x10? x15x10%
= 2,19 % 102 mm/s

Available Head above liltet, H=30m

No. of flow channels, N=5

No. of polentiat drop, N =13

2
. Seepage per unit length of dam, g= k,,.l-!_-g" = M 30 S

= 2.527 x 104 m3fsec/m or 0.2527 lfsec

Example7. IIM A sand deposit 12 m thick overlla on impsrvious soll. A vertical s sheat plle

penetrate 5 m into Lhe sand deposit. The water !avel on U/S and D/S Is 3.0 m and 0.75 m above tha
ground surface respeclively, Ths horizontal and vertical parmeablifty for sand are 4 myday and 1.25 m/day

respeotively. A flow nel construction reveafs that there are 12 flow ¢hannels and 26 potentlal drops.
Daterming the ssepage flow par day.

Solutlon: g
Equivalent parmeability, k, = JkHJq, i a.cmE
4 ¥ 075m
= JA%1.25 = 2.236 nvday NN i = =
Head loss, H=30-075=225m s.am-=3
No. of flow channals, #, =12 [ —
Ne. of poteniial drops, N, =26 2m ~ k=12 mida
. Seepage per day per unit langlh of sheel pile, sand
g =g, n
N, S .
12
= 2.236x225%—
*35
= 3.77 milday

2, Determination of Seepage Prassure

Let n,be the number ol potential drap (each o) value Al by 1 waler particie beflora reaching a point

where seepage pressure is required. Let Hbe total head yoverning low. hence not available head at
paink under consideration vill be,

h, = H-~n,af
Hence seepage pressure,

P, = ..
o pfz (H_naAH)Yw

» This pressure acisinthe direction of llow.

3. Determination of Uplift Pressure | o
» Hydrastatic pressure al any point after'ny equipotential drop is given by
u=Hh,x,
where b, is piezometric head.
h,=h, tzor{H-n aH) =2
. \'GJZ?:;:: ﬁ:v;cl;:::lrez:m water levelis usually cansidered as the datum and all poinls above the

datum are considered as pasitive.

ermination of Exlt gradient . ‘
* IE): :gradiem is the hydrautic gradient al the DJS end of the llow line where the percolaling water leaves
|
{ha soil mass and emerges out as free valer.
. sh
‘0 = , ) '
where  is ‘englh of ne smalles| square in he 1ast llow fleld Bng Ah s patential drop.

2.8 Flow Through Non-Homogeneous _Section

+ if lnereis a change in soii conditions, the flow Iir}es peacasl
are deflected al he interface of the soil with varying o iy sail (2}
permeabilily, K, and K.

« Lallhe polential drop from Plo Qandlrom A0S

S
be AH, then » \\ m’:(z}
\s
agq = k‘(-P—R')PO (Nowines) \ 2
= K [AH)HS /
“los Fig.7.9 F|owlhroughnonAhomogenoussection
PR
But lang, = 55
Qas
and %= 73
Ky k
ana, © lana,
k,  tang,
o &, T iana,

« {{k >k, than e, > @, llow gel dellected towards normal.
1 2

o UMk, <k, than «; <@g, flow get deflected away from normal.
1 pl



