CHAPTER |8

Principle of Effective Stress,
Capillarity and Permeability

6.1 Introduction

Terzaghi was the first lo enunciale the effective stress principle. It can be said Ihal in doing that, he
opened the flood gates lo the discipling of soil mechanics. S8ome of Ihe basic develapments on shear sirength,
compressibility and laleral earth pressures are a direcl olishoot of Ihe effective siress concept. The elfective
siress principle consisls of wo parts:

(i) Delinition of Lhe efleclive stress

(i) Imponance of e!fecti\)e siress In engineering behavior of soil,

6.2 Total Stress, Pore Pressure and Effective Stress

62.1 Total Stress

Normal stress is delined as the sum of the normal component of the farces (EN) over a plane (X - X)
divided by the area of planc (4). Generally, it is denoted by o.

S ag=—

A T
hl
Lel us consicler a siratilied son sample of unil widih and unit % .
hy
X
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if external pressure g is zero, then total siress caused due (o Fig.6.1
the over burden alone are known as ‘Geoslatic siress’,

then, o= 1,M +‘r__l_h',, 1)

Remember: Total stvess is @ parameler which can be measured wilh suitable instrument, such as a pressure
cell.

62.2 Pore Pressure

It is the pressura exefled by the pore water filed in the void of the
sgil skelelon. It is denoted by vand equal to the deplh {h,) belowihe graund
water tzble upto lhe point (A) where it is measured and mulliphied by \be unit
woightof walery,.

u= i, i)

hy

pemgr =

Pote pressure is alsa called ihe nevulral siress because it acts on all
sides of the panicte, hence does nol cause the soil particles (o press against 8
adjacenl pariicles. Fig.6.2

Remember: Pors waler pressure, lika the total stress is atso ameasurable parameler. A slandpipe, plezometesr
or pore water pressure fransducer may be used lo measure the pore water prassure,

623 Principle of Effective Stress
Total stress (o) is made up of wo patls
{i) onc partis due 10 pore waler pressure (4}
(i) Ihe other part is due Lo pressure exerled by the soil skeleton which is called elfeciive stress (S ).
ie. a=u+d
g =0-U
Substilting value of @ and ufrom equation (i) and (i), wa have
g = (leh$ "'Tsmhz]"fnhz
= by + gy 1M = T + 7'y
where Y is submerged unii weight,

Remember - ¢ Ellective stressinsoifsisagrainio grain contact pressure which a soll parficle can exhiZail.
. v The offective slress is not a physical parameler and cannol be measured.

«  Increase in efiective siress causes the particles lo pack more closely, decreasas the vaoid
ralio, leads 1o a decreasa in compressivilily and increases in the shearing resistancs of the
s0il,

= Wnen there is an equal increase in the lotal siress and he pore pressure, (hen ellecxive
siress remain unchanged.

»  Principle of clfeclive siress applies only (o normal slresses Aot 1o the shear slress.

6.3 Effective Stress in Partially Saturated Soils Porg <
Effeclive slress, § = 0~ U, + U, - &)
Porp water
vihere, o = Tolal stress
v, = Pore air pressure
u,. = Porewaler pressure
+ = The patameter to be delermingd oxperimentally <
0 (lor dry soil) Fig.6.3
1 {for saturaied son) .

It means hat, il the soil is partially saturaled. pore ai pressufe is considered along with pore =valer
prassure to analyze the stresses in the soll mass.
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6.4 Capillarity in Soils

As e know, the rain water percolates
inlo the ground under ihe influence of gravily
and gels stored in the soil pores, over an
impervious slratum, in the form of ground
waler resefvoir.

The upper surface of the zone of full
saturalion of {he sail is called the viter table
ar phreatic surface. At the water table. the
ground watet is subjected to atmospheric
pressure. in other words, the pore pressurs
is 2e10,
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Flg. 6.4 Zones of wil waler below ground surface

Soit water can exist in three 2anes as shown below:

« Zane- {Submerged Zane): This zone exist below 1ha ground water table. The sail in this zone isin

submerged condiiion and pore pressure is hydroslalici.e. posifive.

» Zone-H{Caplllarity Zone): if gra\iiiy was the only farce, acting on the bercoiaﬁng water and laking
it downward, Ihen (he soll above the water table would be complelely dry, Bul ilis nal so in aclual
practice. Soil in this zong is complstaty saturaled uplo some height above the water labig, This

phenomenon of rising waler in soil is kncwn as capiliarity in soils.

o Zone-ill {Zona of Aetation): Above Ihe capillarity zone and upto a cerlain height, there exist a zone
called ihe 20ne of agsation, inwhichihe soil is able (0 refain smatl watar droplets, surrounded on all
sidas by air. This water is known as coniacl moislure of hygroscopic waler, The cantac! moisture is

retained by the soil againgl ihe gravily drainage By lhe action of capillary.

6.5.1 CapillaryRisein Solls

We can gel an understanding of capillarily in soil by idealizing Ihe conlinuous vaid spaces as capiliary

tubes. Consider a single ideatized tube as shown in figure below.

The surlace tension {force) pulls the water upward tiif the height A, at which the weight of water in the
column is in equilibrium with the magnilude of the suiface tension force.

For equilibrium

he- E%e"iw ={n-djTcosa

h.=

3

where, @ = contactangle
T = surface lension
d
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“Remembe:
B2 . hem) - %(32%,31 #C
9 . nfem = (:){23;?2[ 2A0C

Because of Ine complex nature of the soil, a {heoretical prediction of capilary rise in soil is nat possible.
Terzaghi and Peck suggesied an approximale relationship to find capillary rise in-situ,

[
h(cm} = P
-0

where, € = Empirical constant: the value of which depends on the shape and surface impurites ol Ihe
grains and fies behween 0.1 and 0.5 cm?.
e = void ratio

D,q = Effective grain size

Do you kaow? Capillarily involves bolh adhesive and cohesive lorces.

6.4.2 Caplilary Pressure v r

Capillaty waler rises against gravity and is held by z;-r.,_{
Ihe surlace tension. Therelore the capillary water exerts a b=
tensiie forca on soil and resuliing negalive pressure of vaater
(Capitlary pressure) creates aliraclion belween the particles.
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From Ihe elleclive stress equation,

\

g=0a-u

When the poro waler is in compeession. as incase
of hydrostatic pressura, uis laken positive whereas when it
is in tersion, v is laken negalive. }--—*-‘
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Therelere elfective stross in capitlary zone
g=o-(-U)=0+u,
¢ < Fig.6.6
Il means Ihat due ta capillarily i 5qifs, effective
Slress INcreases.

Do S » Negalive pressure of waler (capillary pressure) held above water labic results in altractive
You 6}9 lorces belween parlicles, iUs called as sait suction.
Know & Bulking of sand also occurs because of capiliarity. Capillarity produces apparent cohesion
which holds the parlicles in clusier. enclosing hauey combes.
« \Yater may flow over ihe crest of an impermeable core in a dam even ough, tha ree
surlace may be lower than the crest of core. This effect of capiliarity 1s known as captllary
siphoning.



Cémpule the maximum caplllarily tenslon for a tube of 0.12 mm in diamster
8l 4°C,

Safution:
. 0.3084 _ 0,304
Using hc = _d_m) =002
= 25.7cmor 0.257 m

Capillary Tension = 7,
= 0,257 x9.81
= 2,521 kN/m?

Example6.2 _ The capillary r;se]na sail having O, = 0.07 mm is 49 cm. Estimate the ca pillaryI )
rise in anothar soil having its D, = 0.12 mm. Assums the same void ratios in bolh tha sails.

Solutiom:
Soif | Soll N
Dy = 0.07T mm O, = 032 mm
= 0.007 cm = 0.012¢cm
h = 49cm =7

Using  h_-D,, = Conslanl
heDy = b Dy

c

% :
o= et ' h H
“ (D;U ] N i

= (M- x 49 = 2858 cm
0.012

Hence. the capillary dsec in Ihe second soii would be 28.6 cm.

6.5 Geostatic Stresses in Soils

Siresses within the soil mass may be caused by lhe self weight ol (he soil and also by the external toads
which may be applicd to the sail. The pattern of stresses caused by Lhe external loads is usually complicated
one. However, INere 1s one common situation in which the seli~weight of soil gives rise (0 a very simple paticrn of
siresses, thal is when he geound suclace is horizontal and the nature of soil does not very signilicantly in the
harizontal direction. Such a siluation lrequenily accurs in (he case of sedimenlary deposils. The lotal stess
caused in such a situalion ata point in a soit inass is called he grosiatic siress.

«  Inthe geoslalic situation, there are no shear stresses upon he horizamal or vertical planes

Do ! .
You é‘j wilhin the soil.
Know & + i exlernal loading contnbules (0 this stress. the siress will simply be called as the 1013l

slress.

The vertical geoslatic slress at a poinl below lhe surface is equal to the & bl L
weight of the soil lying directly above lha point. é}
)l the unil weight of the soil (v} is constant with depih, then H 97T Tz

Total stress = ©

=yx(zx1x1)
TH
=7z Fig. &7 Uniform Soll
. B et - N
Z K Il the soil 1s stratified with diflerent unit weights for each siralum as
1z, shavnin ligure belove:
7, n

Then o can be calculaled as

z Y (ERSE
’ ’ G = 1,2 + ol * TaZa ¥ oeme
VZATE* 12 = Iyz

Flg. 6.8 Salified soll
)

Case 1t When Sollis Dry
Consider a silustion when the waler lablz is al farge distance irom the ground surface. Then, Ihe'slres=ses

at a deplh zis given as
Tolat stress,
Pore waler pressure,
and effective siress,

‘ ] z
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(") Total suess (@) (b) Pore pressuro () (2} Elfeclive sress L]

Flg. 6.9 Venical stress distribution In dty soil

Case 2: When Soil s Moist
There is a siualion of partially saturated soil wherein it is difficult 1o predict the pore water pres-sure

dislribution. In (his case pare pressure is neglected. Bulk unit weight of soil is calculated by

e $G+ Se) .
h= e
Thus,
Yotal siress, o=y
Poro walef pressure. =0 .
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Fig. 6,78 Vertical stress distributlon in malst soil
Case 3: When SollIs Saturated
Thisis a situation of salurated soil above water lablg, whichis dug lo soma reasons like rain, vatering or

irrigalion (exceplt capillarity of soil). Hence pare wate: ©

rassure is zef0. Therelore, Ihe siresses are governed by
\he saluraled weight of the sail,

Thus,
Totat slress, a=ty?
Pore waler pressure. =10
Effective siress, 0= 0~ V=Y Z=0=Y?
o t N
z

|

H
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() Totalsoss () Posa prassum (¢} Effgclivo slross
ta) o)

Fig, 6.1 Verticyl suess distribution In sawrated soil
Cased: When 5ol Is Completely Submerged

In this situation, sail is under the water table in submerged condition with water table at ground level.

Therelore pore waler pressure s hiydrastatic. in this case, lotal sleess is governed by sawrated unit weight of sail
and ellective stress is governed by submerged unit weight.

Thus., ;
Total siress, =y
Pare waler pressure, u=17

Effeclive siress, d=d-t=Y, 2-7,2=Y2
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Fig, 6.12 Venical stess distribution In submerged soll

Case 5 :When Soills Completely Saturated by Caplllarity

11 Whis situation, soil ls completely saturated bul pore water pressure 5 negal_ive and vary linearly from
zero at water table 1o v, (H - 2) atany depth below ground level. :

Tolal stress, O = Yoo Z
Pore pressure, u= -, (H-2)
Effeclive slass, 0= 0= Y Z+h(H=2)= Wy T2+ TH
= vzZ+y,H
Yo H
- . o—={
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Fig. 6.13 Vertical stress disulbutlon in sturated soll by capillarity

SpeclalCase
when height of capillary rise is iess than H(i.e. O<h <H)
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Flg. 6.14 Votlaal stross distrlhutlon in partially sawrated solt



At Ground Leve!

Total slress, a=0
Pore waler pressure, us=0
Efleclive siress, 5=0

At the Levei of A-A
Total stress, 0, = 142
Pore walor pressure, Uy = Y0,

Efteclve siress, B=o-u=v,2- {100 = 1pZ 47,0

Al the Level of B-8
Toial siress.
Pore waler pressure,
Elfective slress,

Ip=TgZ+ 7:a‘.h:
Ug=0
B=0-U=YsZ+ 7 0
Example6,3 For lf{e subsol caﬁdilion shown In figure below, Cﬂlcuié.lé-l_l:lg.[?)-l;hl-r:l‘B-L.IH'BIM
and etiaclive slress at 1 m, 3 m and 6 m below the ground level. Assums y,, = 10 kN/m3.

GL GL
Fom rowy

A Ory sand
g
- sond, 0 =04, G =203

8
- am

clay. '1u‘=20kN.lm’

[

-&m

Solution: .
Mole hat sand above ground waler lable is dry and completely saturated below the water table.
Therelare. vee have to lirsl determine y and 1, for sand. using e = 0.4 and G = 2.65.

[~ ‘
1= 1619 - _—2'1'5°8‘40 = 18,93 Kjm’
+ U
G+ &)Y, 265+40.4)10
Also = H;’ . 1+04) = 21.79 kNim?

(i Total, neutral eng offgclive strass al 1 m depih
(a) Total siwess, o, = v,- 2= 1893 x 1 = 18.93 kMN/m®
(b)Y Meulral stress, v, =0

(c) Ellective sliess. 8, =g, - u, = 18.93-0=18.893 kl/m’

{Ii) Total, neutcal and effactive slress al 3 mdepth
(a) Tolal SUess, 8 =YX 1% Yoy s ¥ 2= 1803 x 1+ 21.79 x 2 =62.51 kNfm?
{0} Neutral stress, g =1, % 2=10x2=20 RNfm?
(c) Eflective stress, Oy = 0g~ Uy = 62.51-20 =42.57 kNfm?

{11} Totel, neutrel and efiective slress al 6 m depth
{a) Tolal Stress, 0 =YX 1+ Yout rang X 2+ Voot ety ¥ 3= 1893 % 1 +21.79% 2+ 20% 3 = 12251 KWm=
(b} Neutra) slress, ug = %, X 5 = 10 x 5 = 50 khm?
{c) Eifeciive stress, 8 =0~ Uy = 12251~ 50 =72.51 kNfm?

0 Q
om —n——n\‘—"'\ -------------------- 1
dry sand
im g e T L R
A
saturgied sard
(L pae— v TR LR £ Mk
]
saluraiod tay
&m 12258 -'J—72.51
¢ (o) Tolo! stross @}Porms  (c) Efloclive stress
(e pressum

(v}

" Forthe subs‘o—il—condilicn shown In figure. Draw ths totel, neutral and elieclisve

strass diagtam upto the depln of @ m, neglecting the caplitary rise.

A GL
om 7T
‘ a5
S$=40%
sand G=2867
-3 m g
c
5m
i w=40%
clay =270

[,

.

Solution:

For Sand
! Given: e=05 §=040, G=267
': _  (GSely, _ 2671OAXOS)XOBT  yoni
! using 2 e 1405 S

l v = (_G_+e)'{‘,. _ (2.67+0.5)x8.681 20.73 kN/im?
Bl 1405

T




For Clay _
Given: w=040, G=270
Clayis located vell balow the water {able. Thirelore, S = 100%

Using e= “’-—f = 0—""_——0’: 270 _ 408

{G+eyy, (27+1 ,08) 4
. = P 81 =17.83 kNfm
feat cay 1+e 1+1.08 9.8 /

(1) Tolal, neutral and effeclive stress at &L

Total siress, 6, =0
Neulral strass, t1, =0
Efleclive stress, 0, =0, - ¢, =0
(i) Yotet, neutral and effective slress at3 m .
Total stress. aj = 1,% 3= 1877 x 3= 5631 kNIm? T
Neutral stress, flg.:? o . ' ) o K
Effective stress, Og = 0g = Uy = 56.31- 0 = 56.31 kNjme
{iity Total, neutral and sffective stress &t 5 m ' I
Yotal stress, G =1 X3 + Yy, aapa X 2= 1877 X3+ 2073 % 2 = 67.77 kNjm®
Neutral stress, U =Y, x 2=9.81x2 = 19.62 kN/m? .
Effective siress, 8 = Og- ug = 97.77 - 19.62 57815 kNIm?®
(Iv) Total, neutral arid effectlvs stress at 9 m
Total slress, o= % %3 + Far sna X 2+ Year, ey X4
—18.77 % 3+ 2073 2 + 17.83 x 4 = 169.09 kN/m?
Neutral steess, ¥p =7, %*6=881x6= 53.86 kKN/m?

Eflective siress, 8 = G — Up = 169.00 - 58.85 =110.23 kh/m?

- A .
- B YUV SO
= sond
-3 m g
[
- Sm
- clay
i D
Lam . B
169.09 S886 110.23
(0} Towd simss () Fora (c) Effaciive stress
() pru‘:'.s)w‘o o
tJ)

Vorigtionaftatal, neulralandeffective strcss

Bamples.S: g ASmM thick clay \ayer lies between two layers of sand each 4 m thick, lhem
of Ihe upper layer of sand heing at ground level. Tha water table is 2 m batow the ground level but the
tower layer of sand Is under arlestan prassure, he plezomalric surface belng 4 m above ground leve!.
The saturaied unit walght of clay is 20 %N/m? and that ol sand is 19 kN/m? above 1he water table unit
waight of sand 1s 16.5 KN/, Calculate (a) the effactive verlical siress at the 1op and botiom of lha clay
fayer (D) Also draw the 10lal vertical strass diagram (n the given soil layers.

Solutlon:
Given condilions are shawn in ligure

T 1

4m Excess artloslon

] hoad =5 m
A 0y (LK) ks Ll
=165 B
Ypnaarg 219 .
c
foteuy = 20
03 T T 7 T
Uplift dua 16 priesian
T 19 prasswo In lower
l gand laysr
E

{a) Effeclive stress al lop clay layer

Tolat stress at C, & = VX Z+ Ly, sand x2
=165 %2 + 19x2=T1kim?

Neuiral sress al C. Uy =Y, x2=2981x2= 19,62 kijm?

- Ellective stress al C,Og = Gg-ug=71-19.62= 51,38 kNfm?

Allernatively

Effeclive stress at &,  Tp = 7X2+ =2
= 165x2+{19-981)=2= 51.36 kMN/m?

Eitective slress at bottom of clay tayer

Tolal stress al O, Oy = %2+ Vit sone % &+ Feat ey © 5
= 165x%2+19x2+20x5= 171 KNfm2

NMeutral siress at . Uy = ¥, x Total veater head = 9.81 % 13 = 127.53 kiym?

.. Eflective stress & D, 8 = G- Ug = 171-127.83= 43,47 kNfm?

Alternatively

Clleciva sttess &t D, T = 152+ gy sy 2t Tam s ® 5 - uplilt caused by excess aresianhead
= 185x2+(19-9.8)x 2+ (120-9.81}x5-98x6

* =33 + 18,38 + 50.95 - 58.86

= 43,47 KNjm?




{b) Total stress diagram

:

4m Excessprtesho

S I _bosg=sm
...... 1=ms dim Sand [ | watertania
Tt ara = 39 l
|
Yaidry =20 Slm Cly
O .
Yt =19 Am  sand Uplifi due 10 arlesian
£ | prossure la lowor
sand Lyer
Example 6.6 Alayer of salurated clay 5 m thick Is overlaln by sand 4.0 m desp. The waler

fable i 3 m below tha lop surface. The saturated unlt walghts of clay and sand are 18 kN/m® and
20 kN/m? respectivaly. Abova the water lable, the unil welght of sand is 17 kN/mP. Calculate the etiactive
pressures on a horizontal plane at & depih of 9 m below the ground surface. What will bs the increase
in the effeclive pressure at 8 m, if the soil gets saluraled by caplilary, upto height of 1 m gbove the
waler labla?

Solution:
The given condition is shown in figure
T 1 7N - =17 wNr ) 7ol T
4m foams = m vand
1 e 200 g (Capifiasity om0} } ho=1m
1m B -
am
Saturaled da
5m y R clay
Tear ey = 18 KNFM
1 x
{a) Efleclive stress at X- X
Tolal slress al X- X, 0, = Foon N3+ Yoy g % 1+ g e X3
. nlle ¥

= (7%3+20%X 1+ 18x5= 161 kNim”
Neutral stress al X - X, vy, = ¥, * 6 = 9.81 x G = 58.86 kNfm?
-, Eliective slress at X- X,
Sy =0-u=161-58.86 = 102.14 kN/m”
Altarnatively

O = Toang > 3+ Touy. 53na X 1+ Yoareap 5
17 3+{20-981) = 1 +{18--881) x5S
. =H1+10.18+8.19 x5

= 102,11 kiim?

}]

(b) When sail gais saturated upto height of 1 m above the water lable by capillarily, (hen
Total slress al X - X, O = Yot X 2+ Yoxy zong X 2+ ot oy %O

‘ =17 x2+20x 2 + 18 x 5 = 1684 khNim?

Pore prassurea X-X, U= 7,x6=981x6=05885KN

;. Effeclive siress at X - X,

G = o-u= 164 -58.86 = 105.14 kN/m?
Allgrnatively '

g = Taang ¥ 2+ Foat, sares 1+ -f:ub.r.lay ®x 1+ T:w.:uy %5
1Tx2+20x1+(20-981)%x1+(18-981) %56
34+20+ 10,19 +8B.19x5

= 105,14 kN/m?
Increase in pressure = 105.14 - 102.14 = 3 khim?

Example6.7 " Granular soll deposlt is 7m deep over an impermeabis laysr. The groundd
water tabls Is 4 m below the ground surface, The depasit hes 8 zone of caplliary rise of 1.2 m with &
ssiuralion of 50%, plot the varietion of total stress, pore waler pressufe and sf{ective stress with the
depth of depasit, 8 = 0.6 and G = 2.65.

Sofutlon:”
The given situalion is shown ia ligure,
Assume that soil abave capillary zone is completely dry.

GL[ A I
Dry sail
28m 1y s R
l 74= $6.25 kit
Boe—rij
hex12m 218,00 Um’  {Capitarity onn)
somb co—1t g Trost
l Saturaied szl
Im 3
1 iy = 1993 KNm
70mb g
Unit weight ol dry soil above water 1able,
gy = St ZOSXIBY 4 5 gy
JEN:4 1+ 0.6

Unit weight of moist soil in capillary zone,
_(Gesey (2.65+ 0.50x 0.6)x 8.81

- a2
Yoo = 1@ v T 1706 = 18,08 kNfm

Unil weight of compleely saturated soil,
~ Grery, (2.65+0.6}x 2.81
Yo = Ty T 1406

= 19.93 kN/m?

{a) Totat strasses
{i} Total stress at A,
{ii) Totat stress at B,

¢,=0
Oy =7y;x28=16.20% 28 = 45.5 kKNjm?




{iii) Tolal stress at C, Op = Ty % 28+ Yy con ¥ 1-2
= 16.25x 2.8 + 18.08 » 1.2 = 67,196 kN/m? -
Op=1yx28+ Teneist cop % 1.2+ 7,4 %3

= 16.25 % 2.8 + 18.08 x 1.2 + 19,93 x 3 = 126.986 ki/m?

{iv) Tolal stress al D.

(b) Pore prassurs
{i}Pore pressure alA, u,=0
(i) Pore pressuwre al 8, g = —N_x7,=-1.2x 9.81 = - 11.72kN/m®
{iii) Pore pressure atC,  u, =0
((v}Porepressure al D, uy = +1,,- 2= 9.81 x 3 = 20,430 kN/m?

{c} Effective stress
(i} Eflective stress al A, Ty = d,—u, =0
{1i) Efieclive slress al B, dy = 0y~ Uy =45.5-(11.772) = 57.272 kN/m?
{i}) Effective slress al B, Ty = 0y— Uy = 45.5-(11.772) = 87,272 kiNfm?
i) Effective stress al &, S5 = 85— Up = 67.196 ~0 = 67.196 kN/m?
(iv) Elleclive stress al D, §; = 0, - U= 120.986 - 29430 = 97.556 kiN/m?

A
Ory 5ol l
29m
8
c Molst sall g 1Zm
v .
Satvriod
solf 3m
o - - ‘L—-—97.556 i
(n) Total stcss ng 3::': () Efoctyo slress
tal () (0)
Example6.d A soil profile consists of 3 1 thick lay;r af dry s_ta—n_d?G=265 @=0.7and

oifective size = 0.11 mm). A 4 m thick clay layer Is present beneath sand (w = 40%, G = 2.70). The
ground water iable is located at a depih of 2 m from the grovnd lavel. Plol variation ol total, navutral and

alfective siress. Assuma C = 0.5 em2.

Solution:
The given conditians are shown in ligure
A o
8L . 2 9=070,G=205 &
20mb ¢ sand S'Z {Capfonty zono}
30mi- p
=040
day
G=270
{oml g

dry.

(iii) Tola! siress at C.

(iv) Total stress at D,

{v} Tolal stress at £

(b) Pore pressure (u)

{i) Pore pressure at A,

{ii) Pore pressure al 8,
(iii) Pore pressure at C,
{iv) Pore pressure al D,
{v) Pore pressure at £,

Height of capiltary rise above waler 1able,

C 0.5

LY o - af5cm=085m
aD, 0.70x(0.019

Henge sand will be saturated upto 0.65 m above the water 1able and rest of the sand will completely

Gy _ 285x981_ ¢ ag 1nym?

Yasard = 730 1+0.70

_(Grey - (265+0.70)x5.81 19.33 KN/m?

Yarn ™ T 1+6.70
As the clay fayer is submerged under vater table, clay will e completely saturated.
Using. Se=w0
e w6 _ 0.40%2.70 _ 1.08
S 1
(Grely, _ (270+1.08)x9.81 o anpiym?
: Yooy ™ "~ e 14+1.08 ’
(a) Total stress (o)
(i) Total stress at A, g, = 0
{li) Total slress at 8, Og = Ty sana (2~ h)=15.30 % {2-0.65)

= 20.65kNim?
Op = Yd‘smd(z— hc) + tou, zang ® hc
= 15.30 x {2 -0.65) + 19.33 x 065
= 33.21 khfm?
0.D = -fd.smd(z_ hc) +Tan¢md(hc + 1)
= 15.30(2 - 0.65) + 12.33(0.65 + 1}
= 52,55 kNfm?
Oc = Vg, cand (@ _h::) * Year, cand .+ 1+ Yo, cur17(4
= 15,30(2-0.65) + 18.33 {065+ 1)+ 17.83 % 4

= 123.87 kNfm?
u; =0
up = -h.y,= -0.65 x 9.81 = ~6.38 kN/m=
us=0 -

=t 2=981x 1 =981 kM2
Ug= Y, x5=98B1x5= 49,05 kNfm?

{c) Effsclive stress (§ = ¢ - U}

{i) Efiective stress at A, c,=0
(i) Effective siress at 8. 5 = 27.03 KN/m?

(iii) Effective stress at C, 8¢
(iv) Effeclive sress al D, g
{v) Elfactive stress al £, O

= 42,74 kN/m?
= 74.82 ¥Nim®



GL[ A RN TN s Teap T
I 20,85 —6.38
135ml B-- b X

20m}- ¢ ? NN

‘Vi3.21
30mE D

clay
*
0mbl g 12387 —-- L—-se.os b 7482 —=
(a) Told} skess ®) Pore {c) Eflectve stress
(a} pm(ss)um (@)
[

6.6 Effect of Water Table Fluctuations on Effective Stress
Figure shows a layered soil system consisling of soil-1 and soil-2.

Fig.6.15
Case 1:When water table is below C-C:

{(a) Tolal, Neulrat and Effective Slress at A-A:
a,=0
u =0

S=06,-u,=0

{b) Total, Neutral and Effective Strass at 8-8:

Ty = 'fﬂq‘f)]
Ug = 0

G =0y~ lUy= Yot - D= Tl

(c) Tolal, Neutral and Eflactive Stress at C-C:
G = Ydlh1 +Yr1:’).’

u- = 0 Fig.6.16

G =0s— U= ['l.nh| + 7";“-’] -0 = Tadh+ 'fri'_,hz

Case 2: When water table |s at 8-3:
(a) Total. Neutrai and Etfective Siress at A-A;

6,=0
=0 A w1 A
Ga,=0,—U,=0 ‘V
{b) Total, Neulral and Effective Stress at B-B hy Soll - 1 (dry)
Gy = ‘Yd,r’\
uz;=0
By = Og-ug= Tar--0= Y- By
(c) Tolal, Neutral end Effective Stress at c-C
o= Yor Bt Yierp - 12

1

Up = Ty% hﬂ

Fig.6.17

¢ ,cc— Up= (Vd’ b hl +'r(.r,4|l}? Xh;. —Tw xh?.)

Tor M+ Yzl

Case 3: When Water Table |s at Ground Level l.e. A-A

{a) Totat, Neutral and Effeclive Stress al A- A
g,=0
U, =0

Ty =0,-u,=0
(b} Total, Nettral and Effective Siress at 88

oy = ety

Ug = 1w~ hx

So - 2 {saturated)
S5 =05~ Up = Yz M-ty . Y,
= [‘fmn, —Yw]h'y l
=9 - hl c c
vhere, +, = submerged unil weighl for soit -1

Fig.6.18
(c) Total, Neutral and Eileclive Stress 6l cC:

0o = Teean, P ¥ Yo e
Ue =1, (I + h}

G = 0p- Up = Yian, Dyt T -y — g, (g + )

= ['f(mn, =a ]'h' - ['fcr.uJ_, - T.r‘J' Mty
=Y hoetp
where. 1, = submerged unil woight forsod - |
1= submerged unitweight lor soil -2



Cased:WhenWater Table Is Above Ground Level
{a) Total, Neutral and Effsclive Stress &t A-A: Gwr

sl

a, = Overburden pressure due I
tawaler columnol b, height h,
=YX,
=%, h, A
Ty = 04—t =Y, h,~1,7;=0 St feaprmed
f *
{b) Total, Neutral and Effective stress at 8-3: l' i
B3 = Yy Pt Tgggn « 1 + Vegaa - hy 8 =
=y, (h+h) [ $o2 - 2 {safurtn] E =
Gg =4dg= Up hy T(wb g
= Yoo Pt Ty - M~ Yl + B l ¢
= Mt~ %) - 7y
=Y. hl Flg.6.19

{c) Talal, Nautral and Effactive siress at C-C:
g = Y h+ Tian: - hy+ Va2 - iy
u =1, lh,+hth)
O~
Yo B+ Trsayt - N+ G- =y, (h,+h + hy)
= [ T i+ fT:-,mpz‘Tn]- fy
= h+1ph,
Where. ¥, = submerged unit weightler soil-1
;= submerged unit weighticr seil-2

]

e

"

6.7 Permeability of Soils

Solt is a particulate material and has poroes (hat provides a passage lor watsr. Such passages vary in
size and are imerconnecled. The permeability of ascllis a properly which describes quanlitalively, the, ease wilh
which water flows through (hat sail.

Remember * Thesame soll may exhibit different degrees of permeability, depending upon its struclure,
AJoose sand is much more permeable than whenit is dense.
9 = Aclay soilwilh 2 flocculated strutlure is more permeable [hanihe same sall vith a dfspersed
structure.

6.7.1 Darcy’slaw

The llovr ot {ree water through soil is governed by Darcy's Law, Darcy established that the flow occurring
per unilime is direclly proportional to 1he head causing (low and the area of cross-seclion of the soit sample but
is inversely propartional to the tenglth of the sample. i.e.

as 7

Al
q= k.T'A “kiA

Ah = head causing llow

Al . ;
Whera, i= 7 hydraulic gradient
k = Coeflicient of permeability of soil

A = Area of cross-seclion

Note: The Coeflicient ol permeability of soil (k) Is delined as the average veloclty of flow which will accur
under unil hydrautic gradient. it has the unit same as velocily i.e. cmfsec, or mfday etc.

672 DischargeVelocity

g -
9009

3

e

A A

Sectlon x - 1

Flg.a20

Area of soil specimen at seclion X- X= A
From Darcy's Law

Here, Vis avarage volocily based on gross area of cross section. The average velocily is also relerred as
superficial velocity. itis superlicial because Ihe actual flow is through pores in the crass seclian and not through
enlire cross-seclional area.

6.7.3 SeepageVelocity
The liaw through soils, howaver aceurs only fhraugh the interconnected pores. The velocity through the

pore is called seepage velocity (v,).
As the llow is continuous, discharge g musl be same Lhroughout Ihe systern. Thus
q=A.v=A_cC
ol
v —V
AS
where, A, = area of voids in lotat cross-sectional acza A

, W (volume of void)
since. % = ‘;/([Total volume)} =n (r = piorosily)




v=n. V!’
. . W
i.e.. Seepage volocily Vo=

Remember: Since n< 1, the seepage velocily is always grealer than the discharge or superficial veloCity.

6.7.4 Limlitations of Darcy’s Law
»  Flow should {ullill conlinuily condilions.
»  TYhe llow should be steady slate laminar and ane dirmensional.
*  Soil should be completely saturated.
«  Novolume changes should ocour duringor as a result of How.

6.7.5 Coefficient of Permeability
The coeliicient of permeability can be defined using Darcy’s equation,
Q=K.

Hence, the coollicient of permeability may be defined as the velocity of llow which would occur under
unil hydraulic gradient. It is also calied coelficient ol hydraulic conductivily. Coelficient of permeabilily has
dimansion of velocity. )

Tahle:Typleat value of tha cootfident of permeabllity

S.Nej Soll Typo Cooffictant of Pormeability Dralnago Propartiss
(cmises)
1. { Ctaan gravel =1 Very pervious
2. | Sand 1 % 10" erivs lo 1 amU's Parvious
3, | Sit 1x 10" envsto1 ¥ 10”7 em's Paady periows
4, | Clay < 10”7 onis Imperviais

Remember  Thecocfiicientol permeability divided by porosily of sailis knoven as coefficient of percotation (f p),

ﬁ k
k= -
 n

where &, = Coellicient of percalation
& = Coellicient of permeabilily
n = Porosity

RO TR For he soil specimen shown in figure, calculate the soll permeability if rate of
flow is 2 cc/min. Take area cross-section of soil specimen as 8 cm?,

[N
¢ 12 KN |

Solution:
Given, . L =12cm,
A=8cm?

2
1= 2 ccperminule = %0 cefsec

H = H,-H,=15-5=10 cm

jcgrad L1

Hydraufic gradient, i= T =70

Using Darcy's equation, O=ki A
2 _ O
60 12

k = 5x 10~ confsec

Examplc6.10 ligu-;x:”s—s'r\.&‘ﬂ_ll_eréigr_e_a;.—ég ;r:ra_cé_ﬁsis(s 22 m sendy laysr as shown in
ligure. Calculaig the amount ol water supplled per day il nermaability of sand Is 4.8 x 10°° mfs.

Solutlon:
Given, A=285m?

k= 4B x 10" m/s
Let us assume thal datum is al boltom of filler.

~. Head loss,
aH = Total avaitable at top of sand layer - (olal head alet fillration througgh
sand layer
={22m+38m)-(0+08m)
=5.2m
i i i ad Sam 2.364
+ Hydraulic gradient. = Tnicknessof sandlayer ~ 2.2m ~
From Darcy's law. O=k.i A

A8 x 10°% x 2,364 % 285
= 3.234x 10" m¥s
Dischargeinaday = O x 24 x 80 x 60 m¥d
= 3,231 x 10 ¢ x 86400 m¥d
= 24.94 mld




Calculate tha caefficlont of permeabilily of a soll sample 6 cm In height
and 50 cmé In cross sectlonal area, i a quentity of water equal 450 mi passed down In 10 minutes
under an sllective constant head of 40 cm. On oven drying, the 1es! specimen welght 495 g, Taking
the specltic gravity of soll solids as 2.65, calculata the saepaga velacity of water during the test.

Solution:
Given. A= 50em?
Q= 450 mif10 min = 0.45 #600 sec
_ 0.45%1000cm® N .
= " eo0see  © 0.75 cm’fsec
_AH  dGom '
i= T = Ban = 6.67
From Darcy's Lavs,
’ Q=kiA
0.75¢cm¥s = k » 6.67 » 50 cm?®
k= _an 2.25x 107
= E87x50 = & x 107 cisec
Note that on aven drying, lhe volume of sample remain the same.

y=ﬁ='m—q=165gmlcm3
4~ vy T (B0x8)em ’
. G:
Using, 1= T:i-,
= 165 = ‘:f':s
e =08606
Using, n= 2 .
1+
0.606
= 7= Troe0 -0
Discharge veloci
Now, seepage velocity (v,) = TOSQ?Q—(TW
R Dischar
whiere, Discharge velocity (v) = ‘Eeﬂfsjpeciin(‘%ﬁi
0.75ca /s
= 500?72_ =0.015 cmis i
. 0.015
Seepage velocily (v} = 0377 emis

= 0.0398 crrys or 0,388 immyfs

6.8 Permeability of Stratified Soils

In nature, soils are vsually deposiled in successive layers. Even it the dilferent layers of the deposil are
homageneous within themseivas, this may lead o a considerable disparity in ihe average permeability paraliel e
ine bedding plant ang that normal to the bedding planes,

Broadly stratification can be considered as horizontal and conlinuous, average coefficient for flow i n
horizontal and vertical direclions can be eslimaled.

6.8.1 Harizontal Flow
Consider the solid profile, shown in ligure below consisting of nnumber of layers with H,, Hy, Hy. HLED
ihicknass vith Iheir permeability &y, &y, Ky ... K, respectively.

Lel H = Total thickness of deposil

= H 4 Hy+ Hy+ Ho o H,

k, = Average permeabifity in the
horizonlal direction. A

Assume the lolal head along tha fine AB lo be A
canstanl. Simitarly, Lhe iotal head along CD may ’ wo— @
also be taken as constant but value will be less . : — :
than that along AB. R
f=1l=i2:i3=r'4...in —\ TS
Tolal discharge through the soil deposil = surn 8

of discharge through Lhe Individual layers. Flg.621
i o G= Q+ Q@+ Tyt A+ Gy .
Ky i A= kiiA +K iR +kiA+ KofA, + LK TA
= k,H:k,.H,+k2.H2+Aj.H3+kd.H_.+.._kn.H,,
_ ke Koy + Koy Hy + 4y Hy v S Hy

n

H
o Ky Hy 4+ ko Ha + by Hy + ko Hy 4 KM, EKH
"o Hy+Hy + Hy +Hy o M TOIH

682 Vertical Flow
In this case. flow 1akes place in the direction perpendicular (o the stralificalion.
in this case, to satisly Ihe continuity condilion.

{ G=0,=G=9=8:= 0 -
Lel head loss (hrough ditferent layers be fi, iy, By, By e 1,
=+ Total head, tass, i v
A= h o+ byt by b vy ) L
Also let K, be the average permeability in vertical direction " 1959 b —_
My | a0, L,
. AH H ) k
Now, =k, i Az ky—A ' ! 1
v q v v ' s "
oH ] ] 9= I
« = o _J
. Y ogH, qH, .
arl M L Fig.622
Similatly, hy kA h, A



gHy qH,
b= KA = KA
From equalion (i), we get

o _ gt ok, oHy oM. oA,

KA A KA A KA K,
H
K =
* CH W A R Ay
k, K, Ky ki

n

Example6.12 : ] A honzonlal s!rahhed sonl depos-l consnsls of 1hree layers, each unHorm in
itsall. The psrmeabmly of the layer are 8 x 107%, 50 x 10~* and 15 x 10~ cmfsec; and lhelr thicknassas
are 6 m, 3m and 12 m respeclively. Fing the effeclive averags permeability of the depasit in horzontal
and venical directians,

Solution:

Since it is @ horizonlal deposil, the k, i.e the permeabrllly parallel 1o bedding planes will be the
harizonlal permeability

Row
—— _’.
K, bro tho pemmeabiity y- s
of soil depositin the
dueddion of low J X
L £ s

Iy & Koty 4 Ry +
Hyv My +H,

k =

f
Using the above values, we have

f o g BX107 6+ 505107« 34152107 x 12
L 6+3+12

78 1
3 107 = 18 x 10 cmisec

Permaabitity in verlical direction. &, being the permeability of soil deposil in the direction of figw.

Hy +Hy + Hy
v H e Hy
kK ky ka
Using the above values, we gel

) 6+34-12
“T T T 3 i2

PR R
8107 T 50% 107 18510 [

_ om0t 21
T 075x006+080 161

= 13.04 x 10~ crisec

Example6.13 " The soil layers below have 8 cross -sectional area of 100 mm x 100 mm sacha.
The permeabllity of each soil is: k, = 10-2 cmisec; kg =3 x 10 emfsac; ko= 4.8 x 104 cm/s. Find (he
rate of watar supply in em@/hr.

r-—g -------

- T

&H =00 mm

]

1 St

A v
=\ | My utamm | H = 1Edmm

Solution;
Drawing il jooks like a horizontal flow, butin reality itis & vertical flow because llow has (o cross througyh
every layer. Hence every layer has Ihe same velocily.

V= 1'1 = VZ= Va

H 450
Ko = A o M = 7130 80 150

3 — 4
BTk e a0 3x10°% 29010

1.2 x 107 cmisec

Head loss during llow. H = 300mm

~ Hydraulic gradient, j=—F=—=7

4.2 3600
. , DI - .
By Darcy's equation, O=k iA=12x107= 3 x{1Gcmx 10cm)= " cmifhr

= 291 emfrr

Exampleﬁ.'m Prove that for étralilied déposils of soil, the average permeabilily in the
horizonial direclion is greatar than the average permeabillty In lhe veriical dirgction.

Salution, l . T

Consider stratilied deposils consisling two layers ol “ !

thicknesses H, and H, with cezlhicient of peroeabiiity f, i ' H

and &, as shownn fiqura. T &, J .
2




Wa knaw average permeability in Horizonta: and Verlical directions are given by
_ kM ke H kMM,
H Hi+vH, H

Hy+H, H
H H, “H _H
Kk R R

{hH, + k,Hz)/H

k
Therefora, ‘,;’* =
v H
/‘[/(H1 1&) +{H, )]
H} +H [(f‘f + kg')”‘ﬁ:' l}""le
H
H; +H§ +[(kf+k§j/k,'~';]H,H2 :
HE + 4 +2AH, Lo Fimth v fel
Since k, and &, are always posilive,
ky=k)y 20
o kZakZz 24k

———ﬁk’é 22

The above ralio is equal to 2, only when &, =k, otherwise it is grealer than 2, Here if we taka diflerent
values of &, and &, lhen the above ratio will ai-vays be greater than 2.

Ky
Therelose, <~ i j i i
e, v in rafation, the numeralor is graaler than the denominator.

Henee, By> &,

6.2 Determination of Coefficient of Permeability
Tha coellicient of permeabilily of a soil can te determined using Iollowing methods.
(1} Laboratory methods
{2) Field malhods
{3) Indirectmethods

69.1 Laboratory Mefhods

Labaratory tests can be parformed an boih undi
2 sturbed and remouldad samples. The coeflici
permeabilily can be detesmined in laboraiory by the oliowing melhods. i ceticiente

a) Consiant head permeability lest
(0} Variable head permeabilily tast
(c) Capillary permeabitily test

(a) Constant head permeabilily test: This test 13
preferrad Tor coarse grained sails, such as gravels
and sands. The comptele set up for constant head
permeameter is shown in figura betow. Conciont hood
An observation is laken by collecting a guantily of
yeater In a gradualed jar for & known lime.

Let volume of waler collecled in time *t'is "V,

Ale raleass
l \ vako

v
Discharge, Q = T T
v Porous i5e.
Vv
= kiA = T [By Darcy's Law) J T Ssmple
L L
h Q Ho h
pid = — I e N 0 i T o T oiels 1
or k LA 7 [ YTt
or K= o
= Ah Conzionthood chambod
where, L = dislance between manameter £ cmdutod
1aping point Flg.6.23 Constant head permeametes

A = Cross sectional atea ol sample
h = difference in manomelric levels

Example6.15 RN followiné dala ware recorded in @ constant head permeability lest:
Internal diameter of permeameter = 7.5 cm
Head lost over a sample length of 18 cm = 24.7 cm
Quantity ol water collected in 60 seconds = 626 ml.

Parosily of the soll sample = 44%
Calculzte the cosfilcient of parmeablity of the soil. Also, determine ths discharge valacity and

ihe sespage velocily during the tesl.

Sofutfon:

o= %x(?.sf = 40,18 cm?

1]

Area ol soil sample.

H=247cm. L =18cm, t=60sec

. . H, 24.7
.. Hydraulic gradient, j= b2 =137
- L 18
v 828
Discharge. Q= - =735 = 10.433 cm¥/s
From Darcy's eguation, Q= kiA

210433 = kx1.372 x 4418
k= Q. 172cmfs




Discharging velocily. vs — = ——— =0.236 cmis
Given, porosity of soil sample,  n=0.44

-~ Seapage velocity, velo 0.236

T _ 0O R37
2= = oAd =0.537 cm/s

(b) Variable heed permeability test: Variable head permeability test is used for line sands and sills
which have relatively low permeabilily. The complete setup for variable head permeabiiity test is
showninfigurs.

Aller saluralion. (he stand pipe of arca cross-seclion "' is Mled wilh water and lime cross pending 1o
f1, is noled down, MNow water s allowed to falt to h;, and lime /,is noled.

Lel at any inlermediate stage water level be ' which falls by 'dh’in time *dr. So the head dilference
ish.

Al Ihal stage, let the discharge is g,

g = kiA= k.ﬁA
L

Valuma of water collecled in "df,
g.dt = &-dh)

h
k,z.Ad( = -adh

ety _ ok

. ta
Integrating, k.v[h da = T AT

aL
Kt~ t) = —(ilog, b —log. i)

al. I
- Zog(P]
A 2,
. EE!OQ hy [
k = ar e f, - Corstant Head Chamber
Whaes t = “2 -1) Fi9.6.24 Falling head permeameter
i 2.30313LI hy
ko= T o Fy
NOTE «  Lelvariablo head testis porlormed in {wo stages on same soil i, in first slage water level
falls from h, 1a b, in lime interval ¥ and during second slage, wale levet falls trom 1,10 f1;
in same fime interval 'r'. then ;. h, and by shall be related as

t,

L = \'r”J’J
+ The above results c2n be ysed W check e consisiency Af tesl in 4 sail. If variable head
1esis performed n lwo slages at cqual ime Infarvzals, then above tefation shoutd hold true

ineach ¢case

Example6.16 “ne falling head | p;armeability tast, the head cath?ng fall was Inlially 90 crmn,
and it drops 6 e¢m in 15 minules, How much time Is required for Ihe head to fali 10 45 cm.
Sa!uflan: ,

We know, the coeflicient of permeability under laling head permeability 1est is given by

al h
k= 2.303— —
ap o9 h,
Here, h, = 90cm,
fi,=90-6=84cm
an {, = 15Sminules
aL h
Th = 2.303=logyg
erefore r= 2303 pria L h
2.303aL [
U e —— T ——————
ka log M
10 hz
2.303al 15 . .
= P = g——g_o—- =500.61 minules ._,(l)
REY
Le(' T be Ihe fime interval in which head falis from 90 em te 45 ¢im.
2.302al h a0
Therelore, T= —pa |°qu€ = 500.61xl0g,p =
= 150.70 minutes
“Exan T -:,'; A p'ermeameler of 160 mm diafne'ler wilﬁ a sample Iénglh of 30 cm w_as used

for constant head and falling head tesl, While condusting a constant head tesl, the 10s5 of head wvas
120 om far the soil sample and rata of flow was 3.2 cm¥s. Find tha cosfficient of oermeabilily. If a falding
head test was perfarmed on the same sample al ihe same volG ratio, find the tiro taken for the head (o
{all irom 98 cm to 50 cm. The diamsler of stand pipa in the falling head 1est was 25 mm.

Salution:

Constant head test:

1 e
Aroa of sampie, A = n[——O?—] = 7854 mm?
. Cho1200
Hydrauhc gradient, i = L =70 =4
Using. g=ki A
. 9 32x10° .
Therelors, k= AT AR - 0.102 mimds




Falling head test

. 2823 5
Area of sland pipe, 2= x ks 490.9 mm

L
Using, & = 2303 o
%,
o ‘_2”033L, h
=@ ey

1=

2.303x430.9%300, [EJ
0.102 % 7854 150

(c} Caplilary permeabliity lest: Ris also kncwwn as horizontal capillary tesl. This test helps us to evaluate
{he coeflicient of permeability (k) aswe!. 5.5 value ol ¢apillary head {h ) of the soil sample. The above
v/c test are suitable for salurated sofl concitions where as this 1est can be used for partialty satluraterd
soil also.

Procedure:
¢ In this test, dry or partnally gaturat:d soif is placed in a cylinder glass wbe of 4 cm dia and
35 cmlong, The whe is graduated. Water is allowed to fiow from one and other endisopento
almosphara o permit lhe exaulsion of air,

sol | |
7

l Nirvent

2

Flg.6.25

< Lel any time interval 't after the slast of the test, the capillary vater {ravels through a distance
x om point A 1o paint 8. At point A, there is 2 pressure head hy, while at point 8, there isa
negalive pressute h..
Head lost in llow from Alo B,
H, = hy-{-h) :
b+ he
H _Io+h
T T x
» The seepage velocily through lhe soil mass (v} is given by

Hydraulic gradient, i

ki .
Vg = e For saturaled 5ail

k For partially saturated soil
= — .. For illy s
Sh p y

«  Letunder head hy (constant), waler moves distance “de’ in time "df when il is al a dislance x
atier time 'r'.

dr ki
V_; = (—;f? = —S?
k(’_’nﬂ)
o e _ A=
at Sn
K
o xde = g(’b +h,)dt

Inlegrating between the limilx, and ¢, for x, and corresponding values of lime ¢, ang (,, vie gei

Ilz xdt = (&—‘S%)kj;f dr

4T - (e

2 2

’—“2‘“ = ("“+h ) (1)

2 2

=X 2k .
J—fz-r: = 5 (ot h) ()

S = 100%, lhe above expression becomes
2 2
D il B z—k(n‘mc} i
fz - f\ n -

where, S = Degree ol saluration
hy = Head atinlel
h. = rapillary head of soil
n = porosily
s Sincekand h are the two unknown in above equation. Thus in order la avercome his dillicully,
lhe 1asl is performed in tvo slages.

Slage-I:
In first stage, soil sample is connecled wilh head Hy, . while value of 4y, is kept closed.

Let under head Ry, welted surface of soil moves from X, intime 110 {,
2 2 .
T (s : o
o1 sn(h“‘ ) (>

Slage-li:

In second slage, valve of 1, is closed and soil connected 1o constant head ho, (s > fy) and Lee

under head fb, wetted surface of sol moved from 1 10 X in lime ) 10 45,



.1"2 _14‘2
-4
On solving equation (i} and {ii), values of K and he computed.

SCILMELRERE A caplifary permeabilily test was conducled in two stages under & head of.
60cm and 1B0 cm. In the lirsl siage. (he welted surface moved 1.5 cm to 7 cm In 7 minutes. in the
second stage, it advanced from 7 ¢cm to 18.5 cm in 24 minutes. The degres of saturation at the end ol
tha test was 85% and the gorosity was 35%. Datermine tha capillaty head and cosfficient of permeability.

Solution:
Stage- Stage-it
’bl =60cm .\_»', = 18.5¢cm
hy, = 180cm  =7cm
x, = 7em r,—r,=24min
X, = 1.5¢cm s= B5%
L~ i, =7 min n=35%
For stags 1.
2 7
X3 -Xx7 2K
- ]‘
fg—ﬁ Sn(ho‘ * L)
7215 2k
= — (GO + h.
7 0.85x0.35 60+ e
K60 + h,) = 0.9336 )
Similarly, for stage I,
2
o L B ey)
th-4 Sn”
185% -7 2%
= 1 h.
24 085,035 0t
7?15 2k
= 180 +¢
7 585x035 0+ ,
K180 + f1) = 1.818 i

From equation (1) and (i}, we get
60+ h, _ 0893
120+n. T 1819
1.B19(60 + h_) = 0.9936 (180 4 7}
10914+ 1819 hc = 178.8:48 + 0.9936 h,
0.8254 h_= €9.708
h, = 8a.45¢cm
Subsutuling value of fi_in equation i), we gl
KGO + B4.45) = 0.9936
1A 45 K = Q0930
k= 687 < 10" emfnan

2k
= 5()\,,“ +1.) ‘ P (1}]

6.9.2 Field Methods

Laboratory last musl be performed, as far as possible, on undislurbed soil samples but oblainimg
undisturbed sampling is very difficutt. The permeabilily valuas obtained (rom (he laboralory test may often Exe
quite ditferant from the lrue value. So for more accurate, representalive values, the field tests are conducted .

Thare are several ways of measuring permeabilily, in which, the pumping oul and pumping in test axre
quite common. Thesa tesls are carried out in boreholes whets subsutface explorations are oul. These leslcan e
done effectively uplo a deplh ol 30 m and gives the mos! reliable resulls.

{a) Pumping out test: The pumping out test is more general and accurale method for permeabikity

determination below Lhe waler tabile.

This lest is carried oul for two basic {tow condilion; unconlined ltow (gravily low) and confined tiow
{aclesian {low). For confined as well as unconfined flow case, separate formulas have been derived
for delermining the yield of a well, in terms of dravedown in observation wells, radius of Influence.
depth of siralum and permeability (k) of soit slratum,

Remember  Aqulfer: Anaguileris defined as a formation of a permeable material which have water holdingg
T andwaler seepage capacily. Examples-sand and gravels
9 © Types o Aquifers:

() Uncaniined aquilers: These zre also called non-anesian aquifets. These are the los
mosi water bearing slrala having na impermeable ovesburdenlying over thém.

{i} Confined aquifers: These are ajso called artesian aquifer. These are sandwiched belweer
two Imparmeable strata, one at top and other at battam, In hese aquifers, water may be
under arteslan pressure.

_Aguiclude: These ere geclogical formalion or stralurn of impenvious malerial which do next
admit low of ground water. Example - Clay
Aquitarg: These arg porous but low permeable. Thelr seepage capacily is lowand discharg=
under gravily is very lov. Example - Silt
Aqultuge: These ere a soil mass of rock or an impervious {ormation which are neithe=r
porous nor permeakile

Now known lhe yiald and oiher factors, the permeabilily k can be easily delermined in the field Dy
perlorming the lesls.

{i) Pumping Qut Testin Unconfined Aquifer
Specllic yleld: Specilic yield of an unconlined aquiler is (he ralio of that volume of water wheich
can liow under gravily to the 1otal volume of soil mass when soil is saturaled.

Let V= Totai valume of aquiler
Vyy = Volume of water lhal can yielded under gravily

Y,
- Specilic yigld, S, = %moo {in %)

NOTE: Coarse grain soils have more specific yield.

Specilic Retention; it is the ratio of that volume of water which can be retained in the voids agaanst
lhe gravily to Ihe 1o1at volume aguiler.



v,
.. Speciligrolention, Sy = ;" %100

Nota that, Vi Va =W {Under saturation condition]
Yop Mn %
v VvV "~V

§,#5 =n . [where n= porosily)

NOTE: Specilic retention reduces with Ingrease inparlcle size.

Anglysis of Unconfined Aquiter:

Assumplions: Olsorvabonmets  * pump.,,ow.
{iy Darcy's Lawis valid and (low is laminar, - ‘€.> B ?-;n Temmmmmm
{ii} Flowis sleady and draw down is stable. :H— o A -

(i} The test well peneteata through the entire”
(hickness of the aquller Il means that flow
is radial, not spherical i i.e. no flow occurs
from tha basa of well.

Twio observation wells are made 1o steacy
position of watef able which must ba located withln the
ragius of influence. P

Consider an alementary cylinder of soil having 1 :
radius r. thickness drand height h. Let he waler g2l .= ) ) . : Imperdous
Ialls in the observalion wel &t the rate of dh. Hydrautic Flg. 6.36 Unconfined Aquifer
gradient,

l‘lrﬂ}hlmrlm -

Dravedawn curve

X

. dh
s and A=2nrh

Discharge inlo the well = Discharge out of lhe well i.e pumping rate ‘q”

g=k i A= k{gﬁ}anJl
ar

= 2ak h.ch = (7.%£
Integrating both sides. 2nk_[:‘hdh = QAI:%
il
[.’)g —flf] e
_ ql =
nk—Q_ = oG, P
7
2.303qlogy0 71

{Thiem's Equalion}

R In Dupnte thaory, observallon wel!s are notlaken. ‘He took abservalion. al main test well itsell.
‘then tip= by hy = Ho £y -ro{radnus ol maln-well}, 7, = R(Hadlus ollnrluence) and H= depthof
: ongmal ground water leble from lmDBrvlous siralum.

Q.mqlbg.o(%J

Tnus, k=
S Y RN

. |Dupit's Equalion]

;o -Cosfilélont of transmissiblllty (F): ks defined as the rale of llow water through & vertical strip
- or aquufar having unit widlh exlendung to full salurallon depth under unit hydraulic gradienl.
q = 'y l A o .

.

. : T-q kx1x(1xH) kH
: where H is thickness of aquder andkls coefhcsent of permeabhty

IR A well penslrates into an unconfined aquifer having & saturatad de;.JIh_ of
100 m. Tha discharge Is 250 fit/min at 12 m drewdown. Assuming equlltbrium low cenditiens and
hemogenaus aqulier, estimate the discharge at 18 m drawdown.

Sofutlon:
Given, H=100m, § =12m
Drawdovm, S, =H-Iy

hn_100—12=9_8m
For first case,

R
2-303(?]0910[{—]
Using. = 0
nH - Hy)
Onrearranging, :
‘ __ =nk _ q
i - 2 2
2.3oaiogm[ﬁ) ("~ Ho)
)
250 250
= 007 a8~ 2256 - )
For sgcond case,
Drawdown, 5,=18m
r(;:H—s=1oo—1s 82m
7 _ 2
Again g= ________nk(H Hg) = —-—-—u————nk x(I(I)g—SQEJ
z.aoanog,o(ﬁ] 2.303!og,0(—-)
fo fy
250

= 2
= 2256x 18 x18.

= 363 [itres/minutes




Example6.20 A 30 cm diameler well penstrates lo a deplh of 25 m balow 1he stallc water

(a] What is the transmisstbility of the aguifer?
{b) Also dstermine the draw down in the main wall.

Solution:

1abla. After 24 hours of pumping @ 5400 litresfminules, the water level in & lest wall at 90 m s lowered
by 0.53 m, and [n a well 30 m away, (he drawdown [s.1.91 m, :

Sinco the well penetrales 25 m below the siatic water table, it evidently is \ne case of uncontined

S;

[

e Oy AT

aquifer.
Given, H=25m
Drawdown, S, = 0.53m ‘111::1::..--3 .....
r0=30m, }> “‘u, .
f, = 80m T
S, = 1.11m ¥
hy = H-5,
=25-053 T
= 24.47m
hy = H-8,=25.11=2383m
G = 5400 fimin = 5.4 m¥min = 0,09 mYs
2-3(130'0910[%]
Using Thiem's equation, K= W
920
2303 O.nglog[ %)

Substiluting values, we gel, K = ————————5—> = 1.121 x 107 /s

w24.47° - 23.85)

{a) We know,
Transmissibilily,
{b} To delormine the drawdown in the main well, use dupil’s equal

2203 Iogm[g-)
n(hi - )

wheore, 7, = radius of main well = 25cm
H, = Steady waler level in main well

2.303 logyg {%]
7{23.89° - HZ)
H,=1208m
.. Dravedowninenain well,

S, = H-H,=25-1208 =1292m

(\

1.121 x 107

T = kMH=1.121x 109 % 25 = 0.028 m¥s

() Pumplng Qut Testin Confined agulier: An artesian vell (confined) penelrating the full d'epth
of the aquiter is shown in figure belovw.

QObearenton
f R -+ 2 ~ woiis
Tox F—ne—
well N 2, B
£

Impermeabda layer

Fig.6.27 Confined Aquifer

In the sleady slate condition, consider an elementary cylinder of radius r. thicknass 'dr’ 2and
height .

The rate of flow is given by,
dh
q = KA = k;;.(zﬂfs]

onrearranging andintegrating,

[y )
al*Z = 2nka[”on
hof h
2.303qlogw('2)
k= \n} {Thiem's equalian}
2rBlh, — 1)
For Dupil’ equation,
o=
b= H
H = 1,
2.303q|ogm[?}
Kk = __-—__DnB(H—B)D [Dupit's equaticon]

Special Case
Sphericai Flow In Well: Il lest welt just peneiraling over impervious contined siratum. In this case., Elow
from the base is spherical but very low



The discharge g, from such a vell can, however, be

calculated from the equation,
0, = 2nk. t; (H-Hy
=2nK. 1, 8
where,

H, = steady water level in veli
§ = drawdown inwell
= H-H,

N AN

.

ogulifer

Confined T

.
‘
Il
«
4,
N

JAN

Sy
impaivious

A 7N

03

Fig.28

Example 6.21

An aquiler of 20 m average thickness Is overlsin by impermeable layer of

30 m thickness. A test weil of 0.5 m dlameter and twa obsarvation wells at a digtance of 10 m and 60 m
the test well are drilled 1hrough the aquifer. After pumping at a rale af 0.1 m¥sec for a long lime, the
following drawdowns ware stabllizad in lhese wells; irst observation well, 4 m; second observation
well, 3 m, Show the arrangernént in-a dlagram. Dotermine the cosHiclant of permeabilily and the

drawdown In the test well.

Solutlon:
. g=01m'fs
P 8% L) o, I R R
SR B ;] il
7 M AT
i NN
e— =10 M=
—— TG M ———
Given that 8 =4ms5,=3m
We knaw that - —z’ik—s(—s"i()\— (-kB=T)
2,303 2
Oglo[ ,‘J
- q= ZTE%)
2.303!0910(@J
i
2nT (4 -3)
= 0.1 = -—-——66—-
2.303l0g4 [E)
- e 2.303 x0. %[0y, 6
2n
= T= 0.0285m¥/sec
0.0285

X T
- k=E*

=1.425x% 10" m/sec

Again, 0= ZT8e=8}
2.303|og,0(%)

whare s is drawdownin vell

r,.is radius of well = 92_5 =0.25m

21 x0.0285x{s,, —4}

01 = 5
2.303!1 —
303 09,0[0_25)
0.1x2.303 %10, 40
o o Xe PR o s 4=6.06
= S Zix00285 "

Thus coeflicient of permeability of lest well, k= 1.425x 10 mis and drawdawn in Ihe testwell s =606 m

{0) Pumping in Tast: The pumping intest is suilable for low pérmeabliily and thin sirata where adequates
yield may not be avallabla for pumping out test.
By these tes!, permeability of soil al the bottom af the bore hole is obtained. Hence these are bes L
suited for permeability determination of statified deposils.
There are basically twa type of pumping-n test:
(i) Openendlesl ‘ B
¢il) PackersTesl
(I} Open End Tast
»  In open-end test, Ihe waler flows out of the lest

hole through its botlom hotle. !
«  Anapsnend plpe s sink into the ground and then _ﬂ_
sail in lhe pipe is removed, I L TR
« The clean water having lemparalure greater than § hvi
underground is added and discharge is measured. oWt
»  During test, head is kept constant.
« The coellicier of permeablity Is determined by
the following equation. 10
q L

where, H = dillerence ol lavels betweenthe inlet
of the causing and the waler table.

r = inner radius of casing

q = the conslantrate of llow (discharge)

Fig. 6.29

NOTE: Far accurate results, tha lower end of Lhe pipe should be at a dislance ol nat fess than 10rfrom the lop
as wall as from the bottom of the slratum.

(i) Packer’s Tesl
+  In Packer’s test, the water ows out hroligh, (he sides of Ihe seclion of a hole enclosc=d
belwean packers.



6.9.3

« Il Liengih ot pipe is parlorated and lowar end of
the casing is plugged, (hen, (he value of the

coefiicient 6f permeability is found by the follawing P cwr T
aqualions. w
na i
GWT

k= o= LHloga( ] L2107

ZE‘lemn-‘(%) L HELS10 r

where,  r = inner radius of hole b
H = dilference of water levels al the entry i

and the ground water lable for the

hole Issled below 1he waler lable. - -

o k=

Indlrect Methods fig.6.30

{a) Koznay-Cerman Equatlon:

Permeabilly, k = -1 _€_rp
ko 1ve 0
ki = Kozney-Karman constanl
€ = void rafio
Oy, = Elteclive diameler of sail
p = Dynamic viscosily coelficlent
¥, = Unilweight of waler

{b) Allen Hazen's Equalion: This cquation is valid f ils wi i
: 'or granular soils with efle i
e zon® eclive size of 0.1 mm to
k= C.LR  (cmisec)
where, C = Hazen’s conslant
= 10010 150
Dy, = elieclive size incm

{c) Loudan's Equation:
log (kS?) = a+ bn
whete, aand bare constant, lheir values being 1.365 ang 5.15 rcspectlvmy at t0°C
7 = porosily ol soil
S = specilic suriace.area
= surface arealvalume

Do
You

Ir'soil p'articles are not spherical and are of variable size then, il these particles pass through
sieve size 'a’ and relain an sieve size *b' then the specific surface area

Know @ 6

[

" Jab

{d} Terzaghi's equalion:
k = 200 & D", {crysec) :

{e) Consolidalion aquation:
k = C v, m, (cm/sec)
where, +, = unit weight of waler(Nicm3)
C, = coellicient of consolidalion {em?fsec)
m, = Volume compressibitity / modulus of volume change (cm?N)

A test Doring was done at an slevalion 320 m MSL, and it was found that tha
3 m balow the ground surface. An agulfer was Identified and sampxle
{ 16 mm. A plezometer was {nslallsd 800m downstream trom tEae
hickness of aquiler was 4 m between bcxth

Example 6.22
phrealic surlace {water lable} is 1.
of soil was having effective size 0
noring and showsd water Isvel al glovation 315 m MSL, If{
polnts estimats.

(a) The permaablilty using Hazen's formula (C = 12}

{b) Quantity of flow perm wigth.

Solution!
Given, C=12,D=16mm
{a) Using Allen Hazen formula, |
. k = C(D,g)? 1
= 12x(0.16)2 o 800 r—d
= 0.31 mmys aam i

{b} The head loss betveen two points,
H, = (320-1.3)-315 =37m

3.7

) , . H
Hydraulic gradient, i = TL =3
Using Darcy's Formuta,
Q=k.iA= 0.31x_§ix(4x1) = 1433 x 107 m¥s

" The coalilﬁlenl of parmeab:llty or fine sand is 0,022 cm/s at a vold rauc: of

Example6.23
0.72. Estimate permesbility of soil it sand is campacied 1o a vald ratio of 0.57, Use Kozeny-Carraan
{formula.
Sofution:
1%, &
¢ k= —-2 =0
From Kozeny-Carman Formula, e o

For a given soilthe lerm” 7(__~02 would remain constant
v H

nce. —
Hence Tre




0022 (0.72° 1+057

K 1+0.72"(g,5_7)3 =184
0.022
k,, D c——
2 T34 0.012 crmifs i

6.10 Factors Affecting Permeabilfty
I:: zeormeabcilily depends on the soif propérties and {luid propariies batri}.
zney-Carman equalion is quile uselul, it refigcts the effect of factors Ihat affect permeability.
1 7. |
J i & m

= P 'T'T+—e o

( ) Size: Tha coefticient rmeatih kY inclu her meas f 1
a) Gr of parmeatil 2!0' 10
ain Jl. T p o] ly( )In ludes D where D, is a measurs o grain size,

Le.,, ko Cﬁ)
l h . . v . ' s .
f the void satio is same, then permeability is mors in coarse soil than in line soil

£ > Ko.g> K
Qe 5 >
(b) Void ratio: - s > fo > Foy

. .
As per Kozeny-Carman equation, cosliicient of permeability is

directly proportional lo i

{+e’ )
i.e k s
: L— p 2
1+ P Q .K o e %
e I panicle siza is same, th i g
, then loosc soils are more par
than dense soils. permesble 2
anTreabitty {k)
a vai N 1 : :
The plnt of void ralio {8) against parmeability & {at log scale) is ,:T “:’ o
g-6.31

approximately a straight ling for all soils.
{c) Parlicls shape:
* lisox i i
pressed in terms of speacilic surlace area and permeabilily relales to specriic suiface arca

as km?1

* Th i ili
@ angular parlicles have greater specilic surlace Ihan the rounded particles

» For lhe same void ralio "le‘ 5qils with a quiar parlicles are less permeable h with
3 | a
le €3 than those il

) g I
(d De ree 0[ Salulallo“. Pe lleabllllylsd recl proportro alto Q ration| L}
| ¥ pori dEgIEQ saturation L.e ke Degrec of
| ) pa hatysalmaledso s, enlra es bl i g e permean)
v ppEd aircaus Ockage inthe ilaw of water, Hence, th e il
f i Y
of DalUEl"y saturated soil is lesser tha Ihatof 2 U“y saturaled soil I “
( )
e E! trap, ed air and gasas; Ei !fappcd aiy and gases ff e voids ol Y, ‘f !
Jal n se l I Jstruct liow and cause the
As far as po.nsvb!e, san DIE shouid be U“\,l' saturated befare the pern eabrllly lest

clure of Soll particles: For siratified soils, permeability is mare iNDofizoNtal AIECULt s Lupares

{1} Stru
10 the vertical direclion.
(p) Properties of pore fluld; The coellicient of permeability also includes Ts
[\l
ie ka T
For vaater, relatively the unit weighl remain constant but viscosily (1) decreases wilh increasing
femperalure.
1
ie Ho 7
Hence. ka T
is given by

: Usually, permeability is represented at 20°C. tesl is conducled at T° C, then iy

¥ |
You . Ky = k,,ﬁ!_
Know @ Pzo

Mo A= Temperature correction [actor

= 2.42-0.475lag (T), where Tin°C

(h) Adsorbed watsr: Adsorbed water or waler fimwhich is strongly attached to (he sgitepligs, reguces
flow area available for passage of walef. which reduces permeabifily 1o some extent.

(i) Impurilies: Due lo presence cf impurities, voids are blocked and the permeability is reduced.

(1) Presence of minerais In water:

« The permeability of clay, depends upon 1he cation absorb on the surface of mineral.

sl void ralicis constant, the permeabilily is increased in the [ollowing order,
k< NazH<Ca for  monimorillonite
Na<k«<Ca<H for  kaolinite

tion ol core of earthen dams, the clay being lreated wilh salt water {Na-waler) 59

«  Forihe construg
ihat seepage can reduced.

6.11 Coefficient of Absolute Permeability
|t was defined by Darcy and this parameler is independent of lluid properlies like 7, and {. It is only=

depends on Ihe soil properlies.
I is delined as

Unit; m2, em? or Darey
1Darcy = 0.987 x 108 o’

ILis also known as inlansic permeability or specilic permeability.
|

Example6.24 i " \what is the intrinsic per_meabilily-o[ salurated soil which have hydraulic ;
is at almospheric prassure at 20°C having dansity

conductivity of 15.24 m/day. Assuming ground water |
of 998.2 kg/m? end viscosity of 1.002 x 107 kg/m-sec. i



Sofution: : .

Given, ¥, = 99B.2kg/m?
1 = 1.002 x 103 kgim-s
) 15.24 :
k=1 S = e s
5.24 m/day = P4%E0RED = 1.76 = 10°* mysec
Using, - g B 1763307 x1002x10°2

o =T 5985 = 177 % 107 P

Exam ——————— . —
roma xm_pes.zs A .fully penatraling wall of radius 0.2 m pumps at a constant rata 6'[ 40 m3ih‘
afined sandy aquiler of thickness 40 m and porosily 0.25. Consider anly microscoplic rlovr
¢

velocily. How long will it take for a pollu
L . .
yaiooh pailulant (o reach the well if inlroduced into the aquifer at 100 m

Solution:

o ] ) =400 m'f
v.2 al any inslant of ime 'f, poliulant is at a dislance ) nr
¥ !rorn cenire of well. Let il moves by dx in lime of TN A I [ S ]
velocity of flow al that time, E E
e = ”“’:15
s od H—!wm 'E' i !
R . . b £ T ;
Here -ve sign indicate (hal x Is decreasing with lime. Lk ;
LYo
foon at
o (g/a) _ -ax
n at

a ., 1y -ax
24 \a) T o
Microscopic flow moans, llowis i
i . s anly through conlined | ! ibuli i
actor e megtem I} ined layer, Hence fiow contribulion apart irom confined

1 2nnH ¢r
Jodl = IR—.rdr

2nnH(R2~r2) X025

- _ 25740 2

T\ T ) = T -0.2%9
= 785.395 hrs or 32.725 days
Summal - ifi il i i J
ry Permeability of soil is defined as the properly 10 permiit water 10 percolate through

conlinuous y intercons 1ecled poies,
1 g: } 3 4 | n {low is lamina h 1 is fully satura ed, contin dition
Darcy's Law is valid v/ € I I , the soi y i Y COn
i | | ' Uity ¢

The apparalus used lar the determinali i
minalicn of coellici 3 ili i
are called permeamater 'wll of permeability of soil in laboratory

. Canstenl head permeability lest Is adopied of coarse-grained soils, where as falling
head permeabliity test Is suilable for line-graingd soils. '

»  Pumping out testis sullable for tesl befow the water labls whereas pumping in test can

be conducted irrespective of the position of the waler 1able.

in slraiified soils, the average coeilicient of permeabifily In the horizontal direction is

more {han ihe average coeflicient of permeability in the vertical direglion.

« The faclors aftecting permeabilily are: Grain slze, Void ratio, Particle shape, degree of
saluration, enlrappad air, structure of soli parlicle, property of pare (luid, absorbed waler

e . .

« Absolule permeability of soll is independent of Iuid properties, il depends only on soil
properiies. '

> Objective Brain Teasers °

10 minutes. Il he test is icpeated with same initiad
head, i.e. 27 cm, whal time would it take tor he
head to fall S cm
{ay 3minutes
{c) 6minules

g.1 Inafalling head permeability test drop in head
acours from BO m (o 40 m in 10 minutes. The
cioss-seclional area of soil sample and stand
pipe is 20 cm? and 2 cm? respeclively. If the
length of the soil sample is 15cm then the

permeabilty of soil sample in mmjsec s Q.5 The ralt looting of carces a uniform load ot
(@) 1.0) ) (b) 0.12 200 kiN/m2. Wilh the load approximation 25 shown
c} 001 {d) 0.001 in the ligure, lheincremental stress at 5 mbelow
the centre as per Bousinesq's theory is

(&) S5minules
{d) 7.5 minutes

Q.2 The salurated unit weight of sandin thebedofa
pond 20 mdeep is 20 KN/, Unit woight of water
is 10 k\/m3. The effective stress at 4 m below
bed level of pond is
(a) 40kN/m*

() 6DkN/m?*

e o} e & ]

(b) 20 KN/m?
(d) BO kNIm?

P 0~ (O~

{b) 52 kN/m?
(d) 26.2 kN/m?

{a) 13.2xMjm?

Q.3 Assention (A): Constant head permeabitily test
(c) 105&Njm?

is not used for fine graned soil.
Reason (R} : Lesser ihe permeabiliy of soll, Q6 The value of effective stress at 4 mdepth for e
lesser is the discharge subsoil condition as shownin ligure is (Assurere
{a) Both A and R are true and Ris the correct ¢, 10 KN/mMY)
explanation of A
{b) Both Aand R are rue but Ris not the correct
explanation of A

= 7REN RN

Cuptltaty s.suranon uplo G

—

7m

{c) Aistrue bulR is false } Sand
(d) As lalsa but R is true am ¥ g
. . . T G, =240
Q.4 Inalaling head permeabiity lest. the time taken 2m e =00
for the head to fall from 27 cmyto 3 cm is l l




(a) 80kN/m?
{c) 60kN/m?

{b) 20 kN/m?
{d} 30kN/m?

Q.7 Asampleol clay and a sample of sang have iha
same specific gravily and void ratio. Their
permeabifities would dilfar because
{a) their porosities would be dilferent
{b) Iheir degree of saturalion would be dilterent
{c) Ibeir densilies would be diflerenl
{d} the size range of thelr voidwould be diflerant

Q.8 Considerthe lollowing slatemenls:

1. Sail with high void ralio has always more
cochicient of pesmeability soil with lower voic
ratio.

2. Conslanl head permeability test is used for
line grained sofl.

3. Astemperature increases, the coefficiem !
permeabllity of soil also increasas.

4. As he specilic surlace area of sail particle
increases the coellicient of permeabillity

decreases.
Which of thase stalements ara corect?
fa) 1.3and4 {h) 2and 3
{c) 3and 4 (d)2.3and 4

Q.9 A 30 cm well complelely penetrates an
unconlined aquifer of depth 40 m. Aller a long
period of pumping al a steady rate of 1500 lpm,
the drawdoan in two observalion wells whichare
25mand 75 mirom the pumping well were found
lo be 3.5 m and 2.0 m respeclively. The draw
dovm at the pumping well is
(@ 2649m (b) 11.51m
{c) 10.62m {dy 12.34m

Q.10 A capillary permeability test was conducled in
Iwo stages under a head of 60 cm and 180 cm
respectively al the entry end, in The Jirst stage,
the welled surface moved from 1,5 cmio 7 em
in 7 minules. In the second stage, il advanced
from 7 cm o 18.5¢min 24 minules. The degree
of satration at the end of the (esl was 85% and
the porosily was 35%. The capillary head and
the coelliciant of permeability are respectively.
(a) 84.65cmand 4.8% x 10~ erfmin
{b) 92.43cmand 4.85 x 10 cmyfmin

(c) 92.43cmand l§87 % 102 cmymin
{d) 84.65cmand 6,87 x 10" cm/min

Q.11 Consider the (hree layered soil sirata shown in
the figure belovs. The thickness and coeflicient
of vertical permeability of each layer is mantioned

in the figure.
Flav

] Ah=05m
Hy=am K, =3x10" emis H

1

+

wom H-.=2m Ky= 65 x 167 cove

H;|B4m L=2rn

I ky=7x30" ur.f«

The telal head loss in three rayers’is
(@) 1.52m ) 1.23m
) 1.18m (d) 0.87m

Q.12 Specilic capacity of a conlined well under
equilibrium conditions and withini the working
limils of drawdown is
(a) is constant atall drawdowns.

{b} decreasesas the drawdown increases,
(c) increases as the drawdown increases.
{d) None of the above.

Q.13 In a falling head permeabilily tesl on a soil, Ihe
time taken lor the head to falt from by to h, is L.
The 1esi is repeated with same inilial heud h;,
the final head K is noted in time U2, Which one
of the following equation gives the relation
belwecn i, hyand h,?

ta) h*=heh, {b) = \m
{c) W =140, (d) n'=Jhgh,

Q.14 Whichaneof the tollowing factors are associated
wilh the behaviour af sand mass during
earthquake 1o cause iquefaction?

1. Number of siress cycle

2. Thetrequency ancd amplilude of vibranon of
waves generaled by an earthquane

3. Characteristics of sand-

4. Relative densily

Select the cosrect answer using Ihe codes given

below :
(@) 1,2,3and 4 1,2, and 3
c) 2and 4 (d) dand 4

Q.15 A dry soil wilh suction capacily '0' resls aver a
saluraled soil. The height of capillary sise is
{a) O (D) 3 mm
(©) 1¢cm {dy1m

Q.16 Consider ihe [ollawing slalements:

1. lna sedimentary soil deposit. permeabilily
in the horizontal direction is greater than that
in the vertical direction.

2. Parmeability of two sand specimens having
equal vaid ratio will be alvays same

Which of these statament{s) is (are) correcl?

{a) 1only {b) 2 only

(c} Both 1and2 {d) Neither 1nor2

Q.17 Consider the loflowing stalemants regarding

coellicient of permeability ‘K’ of Ihe sail.

1. It is proportional 1o square of diameter of
soil particle,

2. |l decreases with increase in lemperature
due to reduction In viscosity.

3. I is inversely proportional (o square ot
specific surface.

\hich ol these statements are cotrect?

(@ tand2 (b) 2and 3

{c} 1and 2 {c) All of these

Q.18 Approximate ratio of the permeabililies of w0
clay soils, having 0,4 valuss of 0.8 mmand 0.4
Inm respectivaly, is
(a) 0.25 ‘ (b} 2.0
(c) 2 {dy 4

Direction: The following ilems consists of twa
staternents, one labeled as ‘Assertion A' and ihe other
as ‘Reason A'. Select your answer to these tems using
the codes given below.
{a) Both A and Rare true and R is the costect
explanalion of A
(b) Botb Aand R are true but R is rot the correct
explanation of A
{c) Ais true but Ris false
{d) Ais talse bul Ris true

.19 Assertion (A): Mohe's circle for unconfined
compression last passes through the origin.
flgason {R): (n an unconfined compression lesl.
\he axial slress is equal to conlining slress.

Q.20 Assertion (A): Rankine’s earth pressure Iheory
is a simplilied farm of Coulomb’s earlh pressure
theory.
fieason (R): Coulomb’s theory consider elfecl
of pare pressures,

Answers
1. (o) 2. (e) 3. (a) 4 () 5. {c)
6. {c) 7.(g) 8. (c) 9 (b) 1C. {d)
11. (¢} 12. {b) 13. (d) 14. (\) 15. {c)

16. (@) 17. (a) 18. {(d) 19 {c) 20.(b)

Hints and Explanations:

1. {¢)
_ 23aL My
K== |09\o[m]
_ 23x2x150 [@]
= 20%(10x60) O \40
= 1.012 x 10° cmfsec
= 0.01 mmfsec
2. {(a)
g=0;-u
Or= (.{w * 20) F T ®4
={10 x 20} + (20 x 4} = 280 kNm?2
u=,{20 + 4) = 240 KiIm®
G =280 - 240 = 40 kKMN/mM?
4. (b)
For lirst test
2.303al h.)
|, = &2 70 -
V5 T AR 09!0[ P
2.303al 27
= 10 = ———Ak ng,}(—a—) A
For second tesl
2. 303 al 27
= o lagyq [?) sn



From equation (i) and (Ii),

27
| —_
10 Iogm[§] logio 9

12 K013 _ 10Gi03

= £ = >
10 logd®  2log,3

i
n

10 .
— = S minules
272

(c}

The area for eachpoint = 3x 4 = 12m

The load al any point = 12 x 200 = 2400 kN
Due lo Toad at A, the incremenlal stress below
cenlre O

_x< 3x2400  5°
T 2rpd T 2n (252+52)5’2
= 26,2 kN/m?

Thus Ihe to1alincrement
= 4 % 26.2 = 104.9 = 105 kN/m?

(c)
. G+e 26+06 0
l’mlf;arr:l]z 140 L 1+0.6 xt
= 20kN/m?

The sand is saturated by gravily low below waler

lable and by capiflary fiow uplo a height ol 2m
above waler table.

Opam = Yo * 4 = 20 x 4 = B0 kN/m?

U=2 g, =20kN/m?

g = B0 - 20 = 60 kN/m?
(0)

g = 1500 lres/min

= 1.5 m%min = 0,025 m¥sec

fy<H-s,-40-2=38m:

by =tH-5,=40-35=365m
We know that,

_ 1.36k(E-1%)
a- loga s /1y
2 a2
o 0075 = S0K(38 -36.5%)
00,0 75/25

Fromwehich,

k = 7.84B x 10-5 mysec
At the well face,

q - 1.36k{n? - 12)
logio (i /1)
-5 2 2
0025 = 1:36x7.848x1075(36.5% - hZ
log (_%5]
'°{0.15
o K =36.52-520.42=811.83
h, = 28.49m

Oraw dova al well face,
S,=H-h, =40-2849= {151 m

10. ()
First staga:
G-
W = _Sﬁx(h‘”'}h‘)
7182 2
7~ 085x035 0t

o K60 +h) = 0.9964
Sacond slage:

B8-77

1)

24 " Gasx03s 100+h)
o k(180 +h ) =18175 LA
From equation (i) and {ii)
180+h, _ 1.8175 - 18096

60+h,  0.9934
tromwhich h,_ = 84.65 cm

Hance from equalion {i),
k = 6.87 x 10~ cmymin.

1. (¢)

. H
TR HOR
H My

Ky K, Ky
9
3 2 4
3107 65102 7o
1.33x 103 cmfs
For continuity of flow, velocily is the same
ah ah

Ky = = I, . —tom)
L " H

"

- dh[rdn] = K:(I

g ?

Do i @ layers
whare ahg = 1olal head loss in threa tay

sh H
L X,

050 8
=7x107 x 2 x—1,33x10‘1

12. (b}

1
Specific capacity = C,.<G,0

(C,andC,are conslant}
This equation shows that specilic capacity
decieases as Qincreases and Q inc'reases o.nly
wihen drawdovinis increased by heavier pumping
and hence, specilic capacity decreases as
drawdown increases.

13. (d}

in falling head permeability lest
%)

iio (
k=23 — 0%

= 2.37“%5 logm(%?]

= W= M

Student's ‘
Asslgnmanis

14. (n) : _ ’
Liguelaction of soil during earthquake dc?efl =
on sleess cycle, lype of soil characteristics,
vibralion and relalive density of sand.

15. (c)
Suction capacily
=logph, =0
= h, =1em
17. (a)
f. k o [size)?
k= COR
2 k = temperalure
3. k e spacific surface
)
A k = | Viscosily
a
1oV te ®
k= EK-S—Z')( " X——1+e
18. (d) X
ky = CDy
2
K D‘u.
kz Dzm
K %‘]2
%, \04
Ky
— =40
= k_(
19, {c}

The all round pressure {confining pressure}is Zero
in uncontined compression test and the Mclhrs
gitcle passes through origin.

Q1 A sand sample of 25 cmlenglh was subjected

to a consianl head peimeability fest Ln a
permeameter hawng an area of 30 m~.. A
discharge ol 100 cm? was oblained in a period
of i minute under a head of 39 cm. Mass of
dry sand m the sample was 1350 g. The

specilic gravity of he sand parlicles was 2.67.
Detormino:
(0 the coefiicient of permeabilily
(1) the superficial velocily and
(i) \be seepage velocily
[Ans. 0.0356 cm/s. 0.056 cm/s, 0.0183 ¢ m/s]



Qz

Q3.

Q4

Qs

Calcutale the coeificient of permeabiiity of a
soil sample 8 cm in height and cross sectional
areaB0cm? ktis observed thal in 12 minules,
600 mi of water passed down under as effecie
conslant head of 50 cm. On oven drjing. 'he
iesl specimen weight 750 gm. Yakirg
G, = 2.70, caleulale the seepage verocvy of
walgyr during the test.

[Ans. 2.22 x 102 cm/sec, 0,39 cmfses.]

A falling head permeabilily test was petformid
on asand sample and Ihe following dala wwe-e
tecorded:

Cross-sectional area of permeamcicr
= 100 6m? fength of the soil sample = 15 ¢ 1;
area of the sland pipe = 1em?2; time taken (or
the head 1o fall Irom 150 cm to 50 6m = 8 i,
temogralure of water was 25°C. Dry mass of
soit specimen = 2.2 kg and G; = 2.68.

Calculate the coeflicient of pe:meablrly ofthe
soit for a void ratio of 0.70 and standard
1emperglure 20°C., .
[Ans, 2 x 10 cm/s]

The lollgwing data were recorded in a constar
head permeabilily west:

Head lost over a samplc length of 18 cm
=247cm

Quantity of water collected in 60 seconds
=620 mt

Interna! diameter of pesmeability = 7.5 ¢m
Porasity of tho soil sample = 44%

Calcwtate Ihe coelficient ol permeability of (he

. oil. Alsa determine the discharge velogity and

the seepage velocity during the lest.

lAns. [0.172 cm,s 0.236 omys, 0.537 cmjs}]

In @ capillary permeabitily tes! conducted in
two stages under a head of 50 cm and 200 om,
in the irst stage (he welled suriace rose from
20 rum to 80 mm in 6 minutes. In the second!
slage il rose rom BO mm {6 200 mm in 20
minuas. f the degree of saturation is 90% anc!
the porastty 1a 30%. determine the cawillary
head and the coeflicient of permeability.
[Ans. 170.49 cm, 1.02 x 10% em/sec]

Qs.

Q7.

Q4.

A sand deposﬂ ol12m lh1ckness overligg 5
clay layer, The water table is 3 m below tha
ground surface. in a pump outtest, Ine watey
is pumped out a1 rale of 540 fitres/min when
steady-stale condmons arc reachad. Twg
abservationwalts are focaledat 18mand 3 m
lram the centre of the test well, The deptq of
the dravdown curve are 1.8 m and 1.5 m
respectively, for thase lwo wells, Determing thg
coolficien! of permeability,

[Ans. 17.96 cm/fmin)

A pumping out test was caiied oulin the fiald,
in arder 1o delermine the average coeflicient
of permeability of 18 m thick sand layer, The
ground waler tabla is located at a depth of
2.2 mbelow the ground tevel. A sleady state
was reached when (he discharge lrom the weli
was 21.5 li¥sec. Al this stage. the drawdown
inthe lestwell vias 2,54 m, while the dravdown
in o cbservation well silvaled at 8 m and
20 miromihs lest vellware foundlobe 1,76 m
and 1.27 m respechvely.
Determine:
() Coefficient of permeability of the sand
layer in m/day )

(i} Radius of intluence of test well
(i} Eliective size of the sand.

[Ans. 38.20 m/day, 161.20 m, 0.212 mm]

A soil has lhe coeflicicn! of permeabitity of
0.4 x 10! cmysec al a void ratio of 0.65 and
lemperatura of 30° C. Determine (he coallicient
of permeability al the sama void raiio and a
tetnperature of 20° C. AL20°C, £,=0.998 gfm{
and p = 0.0101 poise and at 30<C, {,=0.996
gmémi and p = 0.008 poise. What would he
the coellicient of permeabifity at a void ratio of
0.75 and temperature of 20° €7
[Ans. 0.317 x 10" cm/sec:
0.422 x 10-¢ cmfsac]



