SOIL WATER AND WATER FLOW

6.0 ILLUSTRATIVE EXAMPLES

Example 6.1 Compute the maximum capillary tension for a tube 0.05 mm in diameter.

Solution:

The maximum capillary height at 4° C is given by

0.3084 _0.3084

= =61.Tem=0.61Tm
d 0.005

(.i'n:‘}m =

~.Capillary tension = (h¢)max Yo = 0.617 x 9.81
=6.05 x KN/m®

Example 6.2 Compute the height of capillary rise in a soil whose Dy is 0.1 mm and voids
ratio is 0.60.

Solution:

Let the average size of the void be d mm.
Volume of each sphere of solids maybe assumed proportional to Dio®. Since the voids
ratio is 0.6, the volume of rods space, corresponding to the unit of volume of solids, will be

proportional to 0.60 Dy’ . But volume of each void space is also proportional to d°.

Hence d* = 0.60 Dy’

d =(0.60)"" D,
=0.845x Dy
=0.845x 0.1

d =0.0845 mm = 0.00845 cm

0.3084
=—CH
d at4°C.

he

0.3084

c= =36.5cm
0.00845

Example 6.3 When water at 20° is added to a fine sand and to a silt, a difference in
capillary rise of 25 cm is observed between the two soils. If the capillary rise in fine sand
is 25 cm, calculate the difference in the size of the voids of the two soils.

Solution:



Using suffix 1 for sand 2 for silt,
her =25cm
he: =25+25=50cm

02975 _0.2975
he,

=0.0119 cm

02975 02975
he, 50

d

=0.00595 cm

a

. Difference in the size of the voids
di —d> = 0.0119 - 0.00595
=0.00595 cm
Example 6.4 Estimate the coefficient of permeability for a uniform sand where a sieve
analysis indicates that the Dy size is 0.12 mm

Solution:

D, =012 mm = 0.012 cm.
According to Allen Hazen's relationship,

k=100D,,?

where % is permeability in em/s and D, is effective size in cm.

k=100 x (0.012)* = 100 x 0.000144 = 0.0144 cm/s
Permeability coefficient = 1.44 x 10" mm/s.

Example 6.5 The capillary rise in soil A with Djp = 0.06 mm is 60 cm. Estimate the

Capillary rise in soil B with Dyp = 0.1 mm, assuming the same voids ratio in both the
soils.

Solution:
Let the size of voids be d.

3
'
Now VyooDy,

V,=eV,

For soil A,



~0.3084 03084
h 60

(3

=5.14x 107 mm
Substitute it in (1), we get,

e=| || 34107 ) 662
D, 0.06

d= (e)] Dy,

d =5.14x10"em

Now for soil B
=(0.629)"" x0.1

=0.857 x0.1=0.0857 mm
=0.00857 cm

Example 6.6 What is the height of capillary rise in a soil with an effective size of 0.06 mm

and void ratio of 0.63?

Solution:
Effective size = 0.06 mm
Solid volume = (0.06)
Void volume per unit of solid volume = 0.63(0.06)%

Average void size, d_=(0.63)" x 0.06 mm = 0.857 x 0.06 = 0.0514 mm
4T,
Capillary rise, h = H
4x73x107°
=——————————mm
9.81x107% x 0.0514
= 0.58 m.

Example 6.7 The effective sizes of two soils are 0.05 mm and 0.10 mm, the void ratio being
the same for both. If the capillary rise in the first soil is 72 cm, what would be the capillary

rise in the second soil?

Solution:

Effective size of first soil = 0.05 mm
Solid volume = (0.05)7
Void volume = (0.05)%

Average pore size, d_ = e x 0.05 mm

5

Yt

we

Capillary rise of h,_ =

h_e= 1d
(3 (3
Since the void ratio is the same for the soils, average pore size for the second soil
=¢! % 0.10 mm.

Substituting, f A7, 36
SUDEITULIng, E4._'}|’-ﬂ,,-_ cm,

1

since d_ for the second soil is double that of the first soil and since fi_ = -

-

Example 6.8 The water table in a certain area is at a depth of 4m below the ground surface.
To a depth of 12m, the soil consists of every fine sand having an average voids ratio of 0.7.

Above the water table the sand has an average degree of saturation of 50%. Calculate the



effective pressure on a horizontal plane at a depth 10 meters hollow the ground surface. What
will be the increase in the effective pressure if the soil gets saturated by capillarity up to a

height of 1m above the water table? Assume G = 2.65

Solution:
Height of sand layer above water table =Zi=4m
Height of saturated layer above water table =12-4=8m

Depth of point X, where pressure is to be computed = 10 m
Height of saturated layer above X =Z:=10-4=6m
Now

Ja- Gre_2.65%9381

= = =1529KN /m’
l+e 14+0.7

i. For sand above water table:-

oy
e:_
Sr
0= J0TX05 15y
G 265

7 =1l + @)=1529x1.132=17.31KN / m*

ii. For saturated sand below water table

o, =297 5264
;2.65

sad
¥

}’_? :Jrﬂ:(] + a’.\ur}
15.29(1 + 0.264)
¥, =19.33KN /m’

y; =19.33-9.81=9.52 KN /m’



Effective pressure at X
o=Ly +Z,r,

g=4x1731+6x19.33

= 185.22 KN/m®

u=hy, =6x9.81=58.86KN /m’

o' =0—-u=18522-58.86=12636KN /m’

Effective stress at x after capillary rise

o =3y, +6+1)y, +hy

cf om

=(3x17.31)+(7x9.52) + (1x9.81)
= 128.38 KN/m*
Increase in pressure
=128.38 - 126.36 = 2.02 KN/m*
Result:
i Effective pressure at a depth of 10m = 128.38 KN/m’

ii. Increase in pressure = 2.02 KN/m*

Example 6.9 A 10m thick bed of sand is underlain by a layer of clay of 6 m thickness. The water
table which was originally at the ground surface is lowered by drainage to a depth of 4m, where
upon the degree of saturation above the lowered water table reduces to 20%. Determine the
increase in the magnitude of the vertical effective pressure at the middle of the day layer due to
lowering of water table, the saturated unit weights of sand and clay are respectively 20.6 KN/m?®
and 17.6 KN/m® and the dry unit weight of sand is 16.7 KN/m?®,

Solution:

1) Before lowering the water table, the pressures at the middle of the clay layer are

o=(10%20.6)+(3x17.6)

=258.8 KN/m’
u=13x9.81 = 127.53 KN/m?

Ulzﬂ'-l.l

=258.8-127.53 = 131.27 KN/m?



i) After lowering the water table, the unit weight of sand is given by

Y=Va + S8, (Vew —7a)
= 16.7+0.2 (20.6-16.7)
=17.48 KN/m®
o=(4x17.48)+(6x20.6)+(3x17.6)
=246.32 KN/m®
u=9x9.81=88.29 KN/m®
gl =246.32 - 88.29 = 158.03 KN/m?
. Increase in effective pressure

=158.03-131.27
=26.76 KN/m®

Example 6.10 The water table in a deposit of sand 8 m thick is at a depth of 3m below the
surface. Above the water table, the sand is saturated with capillary water. The bulk density of
sand is 19.62 KN/m®. Calculate the effective pressure of 1m, 3m and 8m below the surface.
Hence plot the variation of total pressure, neutral pressure and effective pressure over the depth

of 8 m.

Solution:

a. Stresses at D, & 8 m below ground:
If we insert a piezometric tube at D, water will rise through a height ho = 5m in it.
T = (3+3) Vaar
=8x19.62
o = 156.96 KN/m?
u = ha Ve
=5x9.81 =49.05 KN/m’
o' =0 —u=156.96—-49.05=107.91KN /m"
b. Stresses at C, 3m below ground level:

=3x19.62=58.86KN /m’

o= 3y.m.'
u=10

c'=c-u
o' =58.86 KN /m’

c Stress at A, at ground level
a =10

u=—h,y, =—3(9.81)=-29.43 KNm®

o' =g —u=2943 KN m*



d. Stresses at B, 1m below ground level
T = 1Yem =1x19.62=19.62 KN/m?
u=-2yo =-2x9.81 =-19.62 KN/m’

(i.e.) Pressure due to weight of water hanging below that level

o' =(o-u)=19.62 - (-19.62)
=19.62 + 19.62
o' =39.34 KN/m?
The total stress, effective stress and pore pressure distribution are shown in fig.
Example 6.11 Determine the neutral and effective stress at a depth of 16 m below the ground
level for the following conditions: Water table is 3 m below ground level; G = 2.68; e = 0.72;

average water content of the soil above water table is 8%.

Solution:
¥
- GWT w=48% JTT
G=268
=072 'T‘
Soil profile
G =2.68
e=0.72
w = 8% for soil above water table.
__Gll+w)
T o(1+e) T

=2.68 x 108 % 8.81 kN/m?
172

= 16.51 kN/m™.

o _[Gxe)
rsu:_ 1+e T

_ (268+0.72)

172
Total pressure at a depth of 16 m: & = (3 x 16.51 + 13 x 19.39) = 301.6 kN/m?.

Neutral pressure at this depth: uz = 13 x 0.81 = 127.5 kN/m?
Effective stress at 16 m below the ground level :
G =lo-u)=(301.6 - 127.5)
=174.1 kN/m?.

* 9.81 kN/m* = 19.39 kN/m?

All pressures
are in kN/m?

f—— 264 16 —sjt—»{  |#12754] f— 174 1—|

{a) Total stress © " (b) Neutral pressure i) Effective stress

Example 6.12 A saturated sand layer over a clay stratum is 5 m in depth. The water is 1.5 m

below ground level. If the bulk density of saturated sand is 17.66 kN/m?, calculate the effective



and neutral pressure on the top of the clay layer.

Solution:

[
1.6 m Sand-dry (assumed)
WT

4640

(&) Total pressure (b) Neulral pressure
(c) Effective pressure

|- 5310 wat—f [ | j———n]
17 64 34.34

Let us, in the absence of data, assume that the sand above the water table is dry. Bulk
density of saturated sand,

Yo = 17.66 KN/m?.
G+e
r:l:!l - 1 + ¢ Tu—'
Let us assume: G =265
or 17.66 = 28*¢ 95y
(1+e)
whence e = 1.06
G 2.65
Yu__ » 9.81 kN/m* = 12.62 kN/m*

= Mo (1+108)
Total stress at the top of clay layer:
o=15x12.62 + 3.5 x 17.66 = 80.74 kN/m?

Neutral stress at the top of clay layer:
u=35x 981 = 34.34 kN/m®
Effective stress at the top of clay layer:
G = (5 —u)=80.74 - 34.34 = 46.40 kN/m?.

Example 6.13 Compute the total, effective and pore pressure at a depth of 15 m below the
bottom of a lake 6 m deep. The bottom of the lake consists of soft clay with a thickness of more
than 15 m. The average water content of the clay is 40% and the specific gravity of soils may be
assumed to be 2.65?

Solution:

l Water o

t Lake bead

=]
e

Saturated clay 15m

o —— [a—»|
206 117.9 208 117.9

(&) Total pressure (b) Meulral pressure
(&) Effective pressure

Water content w,, = 40%

Specific gravity of solids, G =265

Void ratio, e=w,, .G
=0.4 x 2.65

= 1.06

. _|G+e
f,,l— 1+}? Tu’.‘

(2,65 + 106)
T T (1+106)
= 17.67 kN/m?
Total stress at 15 m below the bottom of the lake:
o=6x981+15x 17.67 = 323.9 kN/m*

% 9.81 kN/m*



Neutral stress at 15 m below the bottom of the lake:
u =21 = 9.81 kN/m® = 206.0 kN/m?

Effective stress at 15 m below the bottom of the lake:
o' =323.9 - 206.0 = 117.9 kN/m?

Also, G=15xy =15 =y, =7,
= 15(17.67 - 9.81)
= 117.9 kN/m*
Example 6.14 A uniform soil deposit has a void ratio 0.6 and specific gravity of 2.65. The
natural ground water is at 2.5 m below natural ground level. Due to capillary moisture, the
average degree of saturation above ground water table is 50%. Determine the neutral pressure,
total pressure and effective pressure at a depth of 6 m. Draw a neat sketch.

Solution:

? mmigmmm e
S = 50% due to etiai )

. + 25m Uncertain
capillary moisiure 1

All pressures
n kMM

M—115—% [ —
34.34 B0.66

(&) Total pressure (b) Neulral pressure
(c) Effective pressure

Saturated soil 35m

Void ratio, ¢ = 0.6
Specific gravity G = 2.65

x 9.81 kN/m®

Yooy = G+e _ (2,65 + 0.60)
=l 1+e ) " (14 060)
= 19.93 kN/m?

vat 50% =aturation

x 9.81 kN/m? = 18.09 kN/m?®.

G+ Se (265 = 0.5 + 0.60)
[ 1+e ]'vu: (1+0.60)
Total pressure, ¢ at 6 m depth =2.5%18.09 + 3.5 x 19.93

= 115 kN/m*
Neutral pressure, u at 6 m depth = 3.5 x 9.81 = 34.34 kN/m®
Effective pressure, § at 6 m depth ={o-u)

= 115.00 - 34.34 = 80.66 kN/m?*

PERMEABILITY
7.0 ILLUSTRATIVE EXAMPLES
Example 7.1 Determine the coefficient of permeability from the following data:
Length of sand sample = 25 cm
Area of cross section of the sample = 30 cm?
Head of water = 40 cm
Discharge =200 ml in 110 s.

Solution:



L=25cm

A =30 cm®

h = 40 cm (assumed constant)
@=200ml¢t=110s

g = G/t =200/110 ml/s = 20/11 = 1.82 em¥/s
i =h/L =40/25 = &5 = 1.60

g=k-i-A

. 20
k=ghA = T6x30

= 0.03788 cm/=

=3.788 x 107! mm/s.
Example 7.2 The discharge of water collected from a constant head permeameter in a period of
15 minutes is 500 ml. The internal diameter of the permeameter is 5 cm and the measured
difference in head between two gauging points 15 cm vertically apart is 40 cm. Calculate the
coefficient of permeability.
If the dry weight of the 15 cm long sample is 4.86 N and the specific gravity of the solids is 2.65,
calculate the seepage velocity.

Solution:

@ =500ml;¢=15x 60 =900s.
A=(n4) % 5*=6.25ncm®; L =15 cm ; i = 40 cm;

QL 500 = 15
= mfs = (),
k= Ak T 625xnx900x 40 0-106 mm/s
500
Superficial velocity ) = QAL =
uperficial velocity v=_Gg 900 x 6.250
= 0.0283 cm/s
= 0.283 mm/s
Dry weight of sample =4.86N
Volume of sample =A.L=625xnx15cm® = 294.52 em?
. 4.86 3 -
rde 7, v, = ——— Niem*® = 5 4
Dry density 4= S50 16.5 kN/m
. _ Gra
o(1+e)
Q+er=280X10 _ 1606, since 7, = 10 KN/m?
16.5 "
e = 0.606
— = — r oo R L B T
n= Qre = 0.3773 = 37.73%
Seepage velocity, v_=v/n = 0"278?33 = 0.750 mm/s.

Example 7.3 A glass cylinder 5 cm internal diameter and with a screen at the bottom was used
as a falling head permeameter. The thickness of the sample was 10 cm. With the water level in
the tube at the start of the test as 50 cm above the tail water, it dropped by 10 cm in one minute,
the tail water level remaining unchanged. Calculate the value of k for the sample of the soil.
Comment on the nature of the soil.

Solution:



Falling head permeability test:
h, =50 cm; h,=40cm
t,=0; t,=60s..t=t,~t, =60s
A=(w/4)x5*=6.25nem?; L =10 cm

Since a is not given, let us assume a = A.

alL
k=2303 =" log, (hy/hy)

= 2.303 x (10/60) log,, (50/40) cm/s
=0.0372 cm/s
=3.72 x 107! mmJ/s

The soil may be coarse sand or fine graved.

Example 7.4 In a falling head permeability test, head causing flow was initially 50 cm and it
drops 2 cm in 5 minutes. How much time required for the head to fall to 25 cm?

Solution:
Falling head permeability test:
al
We know: k= 2.3035 Jdog,y Uhyfhy)

Designating 2.303 % as a constant C

1
k=C. e log,, (h)/h,)
When f, =50;h,=48,¢1=300s

Eo1
& = 300 10810(50/48)

When h, = 50; h, = 25; substituting:
1 -
00 log,, (50/48) = (1/t) log,, (50/25)

log ;2

=300 —2BW0=
log g (25/24)

= 5093.552 = 84.9 min.

Example 7.5 A sample in a variable head permeameter is 8 cm in diameter and 10 cm high. The
permeability of the sample is estimated to be 10 x 10 cm/s. If it is desired that the head in the
stand pipe should fall from 24 cm to 12 cm in 3 min., determine the size of the standpipe which
should be used.

Solution:

Variable head permeameter:

Soil sample diameter = 8 cm

height (length) = 10 cm

Permeability (approx.) = 10 x 10 em/s
h,=24cm,h,=12cm,t=180s

Substituting in the equation

aL
k = 2303 — log,, (hy/h,),
Ar 810 /Ny

. 2303 xax10
10 3o —_————
m % 16 x 180
% nx 16 x 180
2.303 x 10*(log 19 2)
If the diameter of the standpipe isd cm
a =(rn/4) d*

d= ’w cm =1.29 cm
R

The standpipe should be 13 mm in diameter.

log,((24/12)

2

em? = 1.305 cm?

Example 7.6 A horizontal stratified soil deposit consists of three layers each uniform in itself.

The permeabilities of these layers are 8 x 10 cm/s, 52 x 10 cm/s, and 6 x 10 cm/s, and their



thicknesses are 7, 3 and 10 m respectively. Find the effective average permeability of the deposit

in the horizontal and vertical directions.

Solution:
( First layer ?Tm \
t Second layer 'I}m ‘
Third layer ‘Eim
Soil profile

ky=8x10"cm/s h,=7Tm
ky=52x10*cm/s h,=3m
ky=6x10"cm/s hy;=10m
(kyhy + Roho + kghg)

(hy + hy + hg)

I

3
R

kylork) =

(8X7+52x3+6x10)
- 20
=13.6 x 10 cm/s
Effective average permeability in the horizontal direction
=13.6 x 10 mm/s

h

x 104

k(ork)= -
‘ : (hy by By
L+ 24

ky ks k:sj

20
o 78+ 352+ 10/6]

=7.7%x 10" cm/s
Effective average permeability in the vertical direction

=7.7 x 10 mm/s.
Example 7.7 Calculate the co-efficient of permeability of a soil sample, 6 cm in height and 50
cm2 in cross-sectional area, if a quantity of water equal to 430 ml passed down in 10 min. Under
an effective constant head of 40 cm.
On oven-drying, the test specimen has mass of 498 g. Taking the specific gravity of soil solids as
2.65, calculate the seepage velocity of water during the test.

Solution:



Q=430ml ; t= 10 x 60 = 600 seconds
A=50em® L=6cm:h=40cm

From the equation for constant head permeability test

(430 6 1

T 600 40 50

K=215x 107 cm/sec
=2.15x 107 x 864 = 1.86 m/day
(Since lem/sec=864 m/day)

Now
y=9_ 430 =1.435x10¢m/ sec
A4 600x50
Py = A8 _ 1.66g /cm’
Now 50%6
_Gpy __265x1 595
2, 1.66
n=—P__939_4373
l+p 1.595
v, :E:M=3.85x10 *em/ sec.
T 0.373

Example 7.8 In a falling head permeameter test, the initial head (t = 0) is 40 cm. The head drops
by 5 cm in 10 minutes. Calculate the time required to run the test for the final head to be at
20cm. If the sample is 6 cm is height and 50 cm? in cross-sectional area, calculate the coefficient
of permeability, taking area of stand pipe = 0.5 cm?.

Solution:

In a time interval t = 10 minutes, the head drops from initial value of
h=40toh:=40-5=35cm
From the equation for falling head permeameter

al h
K=23"lg, L
Ar B I



2.3alL h h
1K bgmizmbgmh_l

2.3al

m= =
Where AK  Constant for the set up

40
log ,, —
10=m 35
10; - 1)
g 40 0.058
51035

m= =172.units

lo

t=mlog, —
gth

"

h
=172.5log,, i

Now, let the time interval required for the head to drop from initial value of h;40cm to a
final value of ho = 20cm, be t minutes.

t=1725 log,, % =1725x0.301=5.19minutes
m= 2'30’[‘ =172.5 Units
Again
i 23al: oo
= Cm/ mn
4x172.5

(Since t used to compute m was in minutes)

23x05x6 _ |,
= ———————(Cm/sec.
S50x172.5%x6

=1.33x107Cm/ sec.
Example 7.9 A cohesionless soil has a permeability of 0.036 cm per second at a void ratio of
0.36. Make predictions of the permeability of this soil when at a void ratio of 0.45 according to

the two functions of void ratio that are proposed.

Solution:
kytky= o . _e
25 dtey) (+ey
3 3
0.036 : k, = 036 (045 _ . -46.1
- 136 145
__1 _ -1
ky= 0546 x 0.36 mm/s = 6.60 x 10! mm/s
Also, kyik,=e e
0.036 : k&, = (0.36)% : (0.45)7
=0.1296 : 0.2025
02025

% 0.36 = 5.625 x 107! mm/s.

27 D.1296



Example 7.10 In a falling head permeability test on a specimen 6 cm high and 50 cm? in cross-
sectional area, the water level in the stand pipe, 0.8 cm? in sectional area, dropped from a height

of 60 cm to 20 cm in 3 min 20 sees. Find the permeability.

Solution:
Given A=50cm? L=6cm
a =08cm?
h, =60cm, h, =20 cm
t = 3 min 20 sec = 200 sec
al h, 08x6 60
= 2.3—| — = 2.3 x ——|
At K At °91oh2 ’50x200°91020
48
= 23X — 3
0 100
EARaax0en
- 10*
= 5.27 x 10~* cm/s [ log,,3 = 0.477)

Example 7.11 During a constant head permeameter test, a flow Q of 160 cm® is measured in 5
mins under a const, head of 15 cm. The specimen is 6 cm long and has a sectional area of 50
cm?.The porosity n; of specimen is 42%. Determine the permeability, the flow velocity V and
seepage velocity Vs. Estimate K; for n, = 35%.

Solution: Given Q =160 cm®L = 6 cm



A =50 cm?

t =5 min = 300 secs
h=15¢cm
KaOL__100Xx8 _ 27410 om/e
Ath ~ 50 x 300 15
-3
V= KL" . "'27"'5 X35 10.67 x 102 cms
n, = 0.42, e, = 0.724
V 1.067 %107
V. s—— = 2. 102 cm/
=7 0.42 RN

n, = 0.35, e, = 0.538

We know K o —
1+e

or K, o

S‘mllafly K, Y R

& (05%8)°
or Ko _1+e; 1+0538 _0.101
K, e; (0724 0220

1+ e‘ 14 0724
K, =0.459 x 427 x 10° =1.96 x 10 cm/s Ans.

= 0.459

Example 7.12 A sand deposit is made up of three horizontal layers of equal thickness. The
permeability of the top and bottom layers is 2 x10™ cm/s and that of middle layer is 3.2 x 10"
2 cm/s. Find the equivalent permeability in the horizontal and vertical direction and their ratio.

Solution:



Given H, =H,
K1 = K3= 2x 10 cm/s
K,=32x107?

= K1H1 + Ksz_" K3H3

Kl
H
¥ 2_\’10‘xH,f3.~2jf102>r<H,+2x|0‘xH,
3H,
[+*H, = H, = Hy)
K,=108x 102 cm/s Ans
H
K=
© W H Hy
s . I
T H . H H,
2x10* 32x10? 2x10%

=2.99 x 104 cm/s

K

K =36.1 Ans,

r4
Example 7.13 Calculate the value of coefficient of permeability of soil with their effective dia
0.5 mm.

Solution:

Hazen’s correlation K = CD?,, em/s

K=1.0X(0.5)*cm/s = 0.25 cm/s Ans.

Example 7.14 A soil sample was tested in a constant head permeameter. The diameter and
length of the sample was 3 cm and 15 cm respectively. Under a head of 30 cm, the discharge was
found to be 80 cc in 15 minutes.

Calculate:



(i) Coefficient of permeability
(i) Type of soil used in the test

Solution:
Given d=3cm
L=15¢cm
h =30cm
Q =80c.c.
t =15 x 60 = 900 secs
R 2 R 2
= = = 2
A 2 @) =7.07 cm
h 30
= = = 2
o T
(i) We know K = Q RSy 80

A ~ 900x2x 7.07
= 6.29 x 102 cm/sec Ans.

(ii) The value of K lies between 10™ to 10™. The soil consists of fine gravel coarse, medium and

fine sands.
Example 7.15 The coefficient of permeability of a soil sample in found to be 1 X 10 cm/s at a

void ratio of 0.4. Estimate its permeability at a void ratio of 0.6.

Solution:
Kae?/1+e
” Kz _€3 1+e
K1 e? 1* 92
Given K, =1x 103 cm/s
e, =04
K, =7, e,=0.6
Putting the value of K,, e, and e, in (i) we get
Kz _ (0.6)°  1+04
1x10° (0.4 1+06
0216 14
K= —— x—x1x10°=2 102
Ay x1.6x x10 953 x 10 cm/s Ans.

Example 7.16 A soil sample 5 cm in length and 60 cm in cross-sectional area, water percolates
through the sample in 10 minutes is 480 ml under a constant head of 40 cm. Weight of oven
dried sample is 498 gm and specific gravity of soil = 2.65.

Calculate:

(i) Coefficient of permeability

(i) Seepage velocity.



Solution : Given : Q =480 ml

L=5cm
A =860cm?
h =40 cm
W, =498 gm
G =265
t =10 x 60 = 600 secs
i — h = 49 — 8
L 5
(i) We know K= 2 = —&- =167 x 103 cm/s Ans.
tiA 600 x 8 x 60
Discharge velocity, V= —-=-- = -————r =183 x10“cm/s
(0 Dvachiargs: eioctl A tA - 600 x 60 %
. v )
Seepage velocity, V, = ~ (i)
where n= .
1+e
and S _..{ii)
Yd
Wy 498
N - = — 1 "
Ty AxL_ B0x5 66 gm/c.c
Putting the value of y, in (i) we get
o= 285X1 4 0506
1.66
0.596
W= T 0890 = %003
Putting the value of V and n in (/) we get
1.33x 1072
= ———— =3, 102 cm/s Ans.
. 0.373 3.56 x 107 cm/s Ans

Example 7.17 If during a permeability test on a soil sample with falling head permeameter,
equal time intervals are noted for drops of head from h; and h, and again from hy to h,, find a
relationship between hy, h, and hs.

Solution:

For falling head from h; and h,



aL h
K = 2.3ﬂlog,o(;;] )

For falling head from h, to h,

L [h
K=232% 09,2
At 090 th
a, L, A and t are same for both the tests.

From (i) and (/i) we get

...(#)

al h al n
23— —‘] = 23— [l]
At 0910[h2 23 At 10g;0 Py

h h,
'°910(h_;) = 'og,o[h—;]
h _h
h, hy
h,2 = h;h,

hz = Vh1h3 A"s-

SEEPAGE AND FLOW NETS

8.0 ILLUSTRATIVE EXAMPLES
Example 8.1: For a homogeneous earth dam 52 m high and 2 m free board, a flow net was
constructed and following results were obtained:

Number of potential drops = 25

Number of flow channels = 4
The dam has a horizontal filter of 40 m length at its downstream end. Calculate the discharge
per metre length of the dam if the coefficient of permeability of the dam material is 3x10
3 cmisec

Solution:



The dischrge per unit length is given by

Hence,

q:kﬁﬂ

Ng
H=water depth =52-2=50m
k=3x 10" cm/sec = 3x 10”° m/sec
Ny=4
N;=125

g=3%x10°x 50 X — = 24x10° m¥/sec/m

(]
e

= 0.00024 cumecs/metre length



