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Permeability and Seepage
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(tube circumference) x (TS) x ( cos a)
Ala A9 4l Jlaa g alll) (ulas Jae 439 (A oL Sua
O ) Al s mha Jo Bl alaa 985 slall
Al 1) 3 g8 (8 4y 0¥ b r Cuagcosa =19 =0
(27r) (TS) s
where r is the radius of the capillary tube.

5 gaiall daals ds) 3 Als 9 AN agdall) Bang TR
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(7r2) x (h) x () x ()
- Where :

h = height of the column of water

P = density of water, mass per volume, taken
as 1 gm/ cm? or 1.95 slugs/ft>.

g = acceleration of gravity, 980 cm/sec? or
32.21t/ sec?.

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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FOSS

(weight)
" (volume)

(2n2nr) ) =7r'h

- Where : y_ = unit weight of water, taken as 62.4
pcf or 980 dynes/cm?.

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



:ﬁ%ﬂ\owﬁﬁb\w&igli-

" Cr2gr)) . T 2 4T

S S S

T @) () OEDp  r(v,)  dy,)

- Where : d = the diameter of the capillary tube.

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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h 0731 cm(approximately)

C

Provided that d is in centimeters.
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Examble (1): Compute the height, hc of capillary

rise for water in a tube having a diameter of 0.005

C1.
Solution :
In metric units : d
ncs
= L
@PDCP  (0.005cm)(1 E™ (980 ™)
cm sec

~ 60cm = 2 feet

il
D@y

5 gecaiall daala de 3 Als S9SN addatl) Bang D




In customary or British units:

000s,. ke o 0
(2.54‘,’“1)(12““)
1n. ft
. e

°dyy  (1.64x107£t)(62.4pch)
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A ) ) oladl g Jaan AL W Ay el olsall gL
(1Y) J8 Lpaaa 5l LelSd

48 laiiiall Al oY) Al (1Y) Jsd

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g
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b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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Representative Height of Capillary raise in the soil.

Approximate capillary Heights

Soil type Cm ft
Small gravel 2-10 0.1-0.4
Coarse sand 15 05
Fine sand 30-100 1-3
Silt 100-1000 3-30
Clay 1000-3000 30-90
sJ}A:\AS‘ zL’.A\; :\Sbjﬂ 2\,335 u‘:i)zﬁ\g‘ ﬁ-‘ﬁm 84&3 (ERIRNNT



A Al olpall (gl gL Y M JUa G g

Example 2: Limited laboratory studies indicate
that for a certain silt soil, the effective pore size
for height of capillary rise 1s 1/5 of D,,, where D,
1s the % particle size from the grain-size
distribution curve. If the D, size for such a soil 1s
0,02 mm, estimate the height of capillary rise.

5 gaiall daals ds) 3 Als 9 AN adall) Bang T
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Solution :
D = effective capillary diameter = 1/5 D10 = 1/5 (0.02 mm)
=(0.004 mm = 0.0005 cm.

031

d
0.31 0.31

T
=~ STorem = ot

he.

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



: Permeability 43
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g = Ak or
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A L

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



T

- Where :

q = volume of water flowing per unit time,

A= cross-sectional area of soil corresponding to
the flow,

q , k = coefficient of permeability,
1 = hydraulic gradient, and

v = discharge velocity.

- The units of the coefficient of permeability are
those of velocity(m/s).

o
IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g
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k=102 (D,)*> (m/s)
- where D, 1s the effective size in mm.

Baad AMAL Jalaa ad (g (VY20 (1 1-0) culganl) cuig
Al e ) 5l

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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TYPICAL RANGES OF PERMEABILITY FOR DIFFERENT SOIL TYPES

Soil type Relative Degree K, coeff. Of Drainage
of permeability | permeability(cm/sec) properties
Clean gravel High 1 to 10 Good
Clean sand, sand medium 13 to 10 Good
and gravel mixtures
Fine sands, silts Low 102 to 10° Fair through
poor
Sand - silt — clay Very low 104 to 10 Poor through
mixtures, glacial tills practically
Impervious
Homogeneous clays Very Less than 10~/ Practically
Impervious

Note : To convert cm/sec to ft/min, multiply cm/sec by 2: i.e ., 1cm/sec = 2ft/min:
also ft/day




A Jalaa (YV-0) Jgan

Coefficient of Permeability (m/s) (CP2004: 1972)

1

101

10

10| 104

10| 10°

107

104 | 109 | 101

Clean gravels

Clean sands and | Very fine

sand-garvel
mixtures

sands

Silts& clay-
silt laminate

Desiccated and fissured clays

Unfissured clays
and clay-silts
(>20% clay
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Determination of coefficient of permeability
(Laboratory Methods) :

3 Lagia (AW (il play Jaral) B AT Jalaa Cpan
Aidal) 43 AU Constant head permeability <l
a3diud g Falling head permeability ftie 3gas 488
Gilie A Jalea Gt 2 3h g cciluald) daclil) 4 U

. undisturbed sample 3 e & 4aub

A

b geaiall daaly o) )3 4l 9 AN agladl) Jan g D



;i agan A LS (V)
The constant head permeability test :
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Aiml) 08 o el gl ) o 0 A 5 Ladls i @ guada
O A (G gl Adaad gy i) agal) (ulBy g, (11-0) Jed
laal) b JaI ) Jiulg Ao o

5 gaiall daals ds) 3 Als 9 AN adall) Bang T



. :- — .

i aga (V1) Jsa

Ig3ining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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dt

b geaiall daaly o) )3 4l 9 AN agladl) Jan g D



R Tias il

D b LaS g A2\

L
dt ]
1dh tl
ho h 0
e = - n . =2.3illog£
At h At h

1 1

i
D@y
lgagning|

A, 3h Ak (9 ASIY) adal) aa g



__———""'_.'FH_- :

LS cﬂ%%l\im:\.\ﬂﬁyﬁ&i(ﬂ/\) JSEd) g
lbea loa) A Gl Gl Guagda g3l) Gullial) ¢
AGIELY Cpad o 2l

a1

L1

T1mp when wiier el
nath sy 11
g = ania aof paecdnign
-~
| Tt whien
h, lienl 1581
h; inty
It ——
-[- A v eropemttlonn Ay
ol il smph

=SSR
DS = . "
j ‘m“ =" Fafling hupd 10t It o E', SN InhI
1ML,
11 W b }-L] it hl h!

>

i A ('\ /\) J& (T

b paiall daala

o
de) 3 s S9SN addatl) Bang D



Example 3: Constant-head permeability test is
performed as on sample of granular soil. The test
setup 1s as indicated 1in Fig. 66, The length of soil
is 15 cm and the cross-sectional area is 10 cm?. If
a 24 cm’ volume of water passes through the soil
sample 1s a 3-minute period, when Ah 1s 30 cm,
compute the coefficient of permeability.

8 s guaiall dzalsy s )3l Al S9SN arlsil) fang D
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Solution :

k:(?j(AI;Aj

when Q=24 cm’, T =3 minutes, L =15 cm,

A =1mcmcm?, Ah=30cm.

k_(24cm3j( 15¢cm j
3min )\ 10cm?x30cm

- 0.4( - j = 0.006 22
min SCC

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



Example 4: A falling-head permeability test is
performed on a silty soil. The test 1s as shown in
Fig. 67 for the test data sumarized below, what 1s
the coefficient of permeability for the sample??

Sample length = 8 cm

Cross sectional area of sample = 10 cm?

Area of standpipe = 1.5 cm

Height of water in sandpipe at stat of test period hl = 100 cm
Height of water in sandpipe at end of test period h2 =90 cm
Time for change from h, to h, = 60 minutes.

5 paiall daala de) 3 auls SO addadl) ang D



Solution :

k=(2303 j( jlog—
2t A

(2.303(80m)j (I.Sszj 100cm

60min 10cm? 90cm

000210 = S 5xi00

cm SCC
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b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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Field Permeability Test :
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Q =k.I.LA where : 1=Isapproximately equal to dh/dr
A=2xr.h
4= k@27mr
dr.
=
I q
- 2.303q[log(r» — 1 )]
n(h% —h%)
h, valuesof r, r,, h;, h, and g are known from field
measurements

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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R _ \/12t \/qk

n\m

- where : n = porosity,
R = radius of influence

T = time during which charge of water

from well has been established

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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- Artesian wells 41 $5,% Ju¥) (<)
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b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



q=kiA = k%Znnr

where T 1s the thickness of the confined aquifier, or

erg _ }1111227t7t h
I q

q.log(mj
k I1

oG 1)

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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Variables-gead tests by means of piezometer
observation wells :
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1 Jalge o) Adaadle Guagg ¢ AB3adlall L aladiady 408
(VA VY V1) QYL Ao ga gl
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- Where : | = hydraulic gradient

Ke(ny = effective coefficient of permeability for flow in
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H, , H,, H; = thicknesses of layers 1,2,3, respectively
H=H,+H,+H;+....
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ke = effective coetficient of permeability for flow in
vertical direction.

k.1, Kis, K, 3,... = coefficients of permeability of layers

o 3 respectively, for flow 1n vertical direction.

1;, 15, 13, ... = hydraulic gradient in soil layers 1,2,3,...,

respectively.
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Example : A river and a canal run parallel to each
other but at different elevations, as indicated by Fig
81. If the difference in the water surface elevations 1s
16 ft, the horizontal distance 1s 400 ft, and the
thick-ness of the permeable stratum 1s 6 ft, compute
the seepage loss between river and canal, per mile of
river-canal length. Permeability k = 1.0 ft/day.

Solution :

Ah 16t
o e aonn
= F 3Y)" 200R

= 1,270 ft*> day/mile of length
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