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Example 2.2 qiuq,m oF seebye

O  The section through a dam is shown in Figure. Determine the quantity of seepag
under the dam and plot the distribution of uplift pressure on the base of the dam
The coefTicient of permeability of the foundation soil is 2.5x10 m s.

q!?rf
V| B s N < ™
100m \ N \\Q d)
\§ — / qm"‘ lDlhl‘ﬂ NN \\% o , 3
-_— 1 : \\\\ 1.40m
AN J e
= b-|- (4 S 4 IS |6 TR (C
\\ -
\
() 1 2 \‘4
“A
SN OART-
ru 0_1 : 5 10 15 20m
T PP Presur (Ro)
q-khl.'——:s 107% » 4.00 x 7
N 15
=31 x 107 m*/s (per m)
Poirt h z h -2 u h -
(m) (m) (m) (Wf:n‘() i
| 027 1.80 207 203
g gS3 -1.80 233 229
80 -1.80 2.60 255
Bl 107 -2.10 3.17 3L
: 133 ~-2.40 3.73 366
1.60 -2.40 4.00 392
7 187 ~-2.40 4.27 419
7y 200 -2.40 4.40 43.1




Example 3

o e T e

®  The section through a dam is shown in Figure. Determine the quantity of
seepage under the dam and plot the distribution of uplift pressure on the

base of the dam. The coefficient of permeability of the foundation soil is
X.- 2.5x10-5m/s. s %

o
RS e
100m  asomiina i S s.00m N
\ow, i \\\‘S\\&:m L= NM-5-1-y :
l?— 45‘6 vl |§ NF._-E Nd_-_ls
i
3/9 |3 Ol, :Q-Bilo—B} (,V‘)L']ES")’
2 i P 3 ol = 3 tk’S m3fs/m
N ' 4.7
quhE:-le 10~° ‘A-!.Oﬂx—ig-

=31 x 10°m'/s (per m)

}.4'- Coblicient of R neabiltY)
1 hddewke O)fodient (remedrof fef Y

Example 4

O A river bed consists of a layer of sand 8.25 m thick overlying Impermeable rock;
the depth of water is 2.50 m. A long cofferdam 5.50 n wide is formed by driving
two lines of sheet piling to a depth of 6.00 m below the level of the river bed and
excavation to a depth of 2.00 m below bed level is carried out within the
cofferdam. The water level within the cofferdam is kept at excavation level by
pumping. If the flow of water in to the cofferdam ¥ 0.25 m3 /hper unit length,
what is the(coefficient of permeabillitylof the sand? What Is the hydraulic gradient
immediately below the excavated surface 5

e~

g iq
\< : ’!(.Nr / ‘\"d)

.\:: Dh

0.25

= 2.6 x 10" m/s

L ~ 350 % 6/10 x 60°

T

required hydraulic gradient is given by

e

4.50

i
T T T

The distance (As) between the last 1wo cquipotentials is measured as 0.9m. The

‘l=o‘25h\3|\uL_
60*60
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Example 5 %

O

Determine the quantity of seepage under the dam shown in section in Figure
Both layers of soil arédSotroic, the coefficients of permeability of the upper and
lower layers beind 2.0 x10-6 nc[l 6 x10-5 m/s, }espectively

i
>k*

k 2 A \Amr lgbl‘ﬁ)ﬂ C k1= k‘l
D=kpy Np L 2
N 4.00 m ///’//5/1 0.50 m i lowel”
Y 4 s 1,0’5".\-. 7 SN
b\-\=: 3-"50-5 \\= 5.00 m Yo e | 0 f\:-(’ ‘\‘__) ks
KZ
\r\‘];: 500 m \- hﬁ‘b-g = k3
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Translormed section N P_ 6

1 0.50m Na-
U 3 ‘ - 0om =
' I\
i
K lo
5 o
| Wi lglr|s
Bl [ |
R sassssascanssscot TET S S S [
K"-Huk\+L"Lk2 0 '2345 10 15m
Hi4 Hy T}-th+un Bl

= 5(2’&‘0 6_)+ SU 6111:5) q \-ﬂ | %) (515}:) J-U_ilo

ke =

k. =

=(5.¢5tk 35)(S ta%w r'” gzmm”k“
LN _( —hl‘o §'{‘:.':‘x 2.0) k:- o l:l‘;/z:) 5 (Chll 5)63 5‘;}‘,0
H; + H: 10 - 5'{)5 K'o_{’

:.6 : :_—0 2 x l0 5 T 16 % 10- JJ\;a‘(SCOIr d_xJO‘r Jﬂ-b)hme\B
" Chon Bo%h‘ 05 X 551) I ISce UStagst) o

Then the scale transformation factor is given by

K= 3:55xlo
ViE A0 X = r: )dl
T == = 063 K1 o FIRL

= 6.30m

===
K = \/(kk:) = /(9.0 x 3.6) x 107* = 5.7 x 10°m/s
Then the quantity of seepage 1s given by

g = k’h\——57 . 10~ % 3.50 x 22

d 11
= 1.0 x 10 rn/ pcrm
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Example 6 ¢ Aen%}h

Example 1); o
For the system shownin Fig.. Tind T 0t kee
r‘-:i Flow rate per meter length of sheet pile, itk =121

B“-: 5 2 The IS agamnst piping, L-1.5m

T = der \) sofs
Na=) ler ™

Solution
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QIESET L Ol 20

SR Lt e 1 047

=1.07

— = 0455

Folor of sefefs Flor 1 i P - g
Chaie .

- Example 7 ,
-Xamplec 2);

The dam and Now net shown below. the dam und has two sheet piles
Datum is at the Impenvious layer. Required the
1. Quanuty of the scepage loss underthe dam, k -

20%10 * cnvsec L
2. Factor of safety against boiling. —_ =
V) 2 —3. Uphft pressure at point A & I k'-"' le\oq)‘ | -:Qoh\“ h‘llg
Scolution < ,DD
1) Q =~k — '
A
g = 0=10 "-t::-—lﬁ_l-l_‘_u- NIAON*10 " m Veceo
2) FS = leo
= ' 11 I
[ _——— 1=
.‘__...-i‘_ Al ~. o T l-iss
i --"!_:.";“' —O. 136

he = h., - h

h.=42—35-l.154=
h =28 O m
h,. 37 961 250

37.961 m

D VS

D7 . T1T7T KRN/
h, =32 _— 69+ |53 -
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h, 2.0 m
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™~ & / L \
Example !¢ |
—_— O A layer of saturated clay 4m thick is overlain by sand 5m deep, the
water table being 3m below the surface. The saturated unit weights of
the clay and sand are 19 and 20 kN/m?, respectively; above the water
-table the pinit weight of the sand is 17 kN/m?, Plot the values of total
vertical stress and effective vertical stress against dépth. If sand to a
height'of Tnt above the water table is saturated with capillary water,
how are the above stresses affected? A &Q\\\
: ©
Snlq Hon A a]
X:H‘\Sl\”h\t wk B 3
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b | Seund N
I B = 26kN I 5 ¢
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The in-sifu stress at mid-clay stratum before the buil

={):59

SL‘J'-'“'GS Se=
ding is built 1s.
3(3”'i(17-5|?l2.5:"]{18.5—9.8;:74,3%

G2 +A (0.30)(5m), [(743)+(938) | _ 52
the settlement at the center AH = - log( dos=t \= ) loz — =033m
l+e p, 1 1+(039) (743)

Pa = 7:_':1.1’,::.-1 Ly ;’(1:. h:n::f—r.':

Therefore.
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Mohr—Coulomb failure criterion

(d) — a3) cos 20 l

1 E
=3 (0) — 03)sin 20

6 is the theoretical angle between the major principal plane and the plane of failure

2
a’l = 0'3 tan-

o OJ‘ e 3 Q’
45° -+ —;)—) + 2¢ lan (45 + ?)
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Example
C=p
a U)—‘\b- PM Foranormally consolidated clay. the results of a drained triaxial test are as follows:
Chamber confining pressure = 16 Ib/in’— 03 CPF(:\'JIYC’ 2 W F :
d)zgm"(m'o'g Deviator stress at failure = 25 Ib/in* - Ao BOLESR F N
Ui 403 ) a. Find the angle of friction, &". o “! 425 q]
- Determine the angle @ that the failure plane makes with the major princi-

ﬂh-l Mj pal plane. @)= qrs*_-d)_-"’ qQ o
2
0 - US4 2b0l4 = B¥.001°
)

Ml+14

Shcar wresy

Normal siresy

Y




: i uation 15
?::T::Jr:maﬂy consolidated soil, the failure envelope €9

7, =o' 1ang’  (since ¢ = 0? e
For the triaxial test, the effective major and minor principal sfrc:s
o'; =g, = 0y + (Aq‘)! = 16 + ?j = 41“)“.[14
and
gy=0y = 16 1b/in.?
i 20,
a. The Mohr’ circle and the failure envelope are shown in Figure 11

from which we can write
©+4
AB 2

sin & =OA - (0": +0,,)

2
o IE ’_-,.I. Ly
SOy g Oy e A1 -'.16= 0438" . 'l'_-.:j'_;j‘ , ;
sin ¢ _'cr; e 41 + 16 P et .’*,-J‘_.?.‘,.;;,.quD.()
23 s e - -_-_ e _:’!_‘ k
¢. - 26‘ ';- ‘.\' 22 .'" fk'- 1 . H

s - P DY,
— .

*b.0=45+%=45-+%;58. o

g = OT“ O3 +Ub\ -3-3

2
0= 23017 §

0520 o=Rsin26 : R-osy “Yl-\b =5
12582 (5% 00t) 2 2
=]\ 93= %

Refer 1o Example 112

a. Find the n al stress o’ and the shear Stress

b. Determine the effective normal stress oo @

plane of um shear
stress.
Som:.l?;:om Eqs. (9.5) and (9.9).6-{“0'}’701:“‘51 Syl;fc??f = 0,‘_25-?
o’ (on the failure plage) = -~ =Y 5 G . T3 cos28
and
Ty == 2 ; o5 sin 20

Subsituting the valucs of oj = 41 1b/in>, o} = 16 Ib/in.?, and 6 = S8° into
the preceding equations, we get

41 4+ 16 41 — 16
-—--————-b-

o' = > > cos(2 x 58) = 23.0 Ib/in.2

and

41 =16 =
Ty - 1—2]——si.n(2 X 58) = 112 Ib/in2

b. From Eq. (9.9), it can be seen that the maximum shear stress wm occur
on the plane with @ = 45°. From Eq. (9.8), ;

v » i
A e e O — A

o > ) cos 28

Substituting @ = 45° into the preceding equation gives .

o =2 -_; 16+41;16cos90-28.5|wm.=: 7

-
'

T T —



EXSHIEE f‘PPPChV(*

: C=0
Eg;c;qst:;lon oi the effective llre{ failure envelope for normmJ consolidated
soil at a L‘hnn;’ - £ E“ A drained triaxial test was conducted with the same
failure, ConiiningpresEis C_J_fgﬁ_ﬂ kN/m®. Calculate the deviator stress At
Do

Solution 0”5
GT - BU‘-\' 0'5

T For normally consolidated clay, ¢’ = 0. Thus, from Eq. (118),
;Q/"' O'\ﬂné) o) =0 lnn’(45 + %‘)
T=d honos ¢ =25

25
' = 1 i | 1
Q)-;Qg} o) = 80tan (45+ 2) = 197 kN/m

50

(Ao,) =oy—0) = 197 - 80 = 117 kN/m*

e R T A B
98- Sin” (w=to)).. S\h'l5 _JL S po= |24 KNIm?

o, + %0

L or =197 94 KN m?
Example GPE@CFV@ ™ A |
saturate cuy are as fo O“s ||J)\OS(J"\ jb\l)*

The results of two dra(x—‘cd triaxial testsona
___.—-'f__-

D“ CE +A G' e_i{_)cc:mcn I: oy=0o0y=70 kN/m OYG % 8])} A
o _*\'D Bo=96n (Acy), = 130 kN/m® rconSOh bed
Specimen 1L a, = oy = 160 kN/m?
+0cr 2(26_? + 3;—,;; (Acy)y = 2235 kN/m?
Determine l.hc Bear strength parameters ¢ and ¢'- —> g‘", 0'3 l’dr\?‘ (q " ) s ZCI }UY(
Solution vt

rincipal stresses at failure are

For specimen I, the p
ay=0cy=10 kN/m’

and
0'.| =gy =0y e (AU‘)I = 70 + 130 = ZWRNIITI!

Similarly, the principal stresses at failure for spcc:men I1 are

and
o, = oy = oy + (804 = 160 + 223.5 = 3835 kN/m?
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ven by E e gel
Using the relationship given by Eq. (11.8), we g

¢')
. 4 ‘tan| 45 + 5
0} = uﬂln'(“ t “{) ¥ d¢ tan( 2
Thus, for specimen I,

¢. 10 c |£)
200=70un’(45+ 2)+zc tan{ 45 15

and for specmen I1,

3 é" ' —¢-—' Ly X
383§ = lean-(JS + -2‘) + 2c tdn(45+ 2 )

Solving the wo preceding equations, we obtain
¢ =2 ¢ =20kNm’

Example I fotal C=0

A consolidated-undrained test on a pormally consolidated clay yielded the fol-
lowing results:

oy = 12 Ibin.? —'\%_m'fﬁhho-:lo-“i q'lf‘?\_-\
Deviat ,(Ag,); = 9.11b/in2 ) s Ko
eviator stress, (Ac,), ':.._5’0_}-.:5;-—&“:'9-"6'%‘:
or =97 -My = 2hl=6X=

Calculate the consolidated-undrained friclion\ang]c and the consolidated-drained
friction angle. y

Pore pressure, (Auy), = 6.8 Ib/in.

Lty

Solution 2 Q\ P ﬂ‘hVP

oy = 12 1b/in?

oy =g, + (Aﬂ")’ =12 +9.1 =211 lbli:n.:

' = From Eq. (11.9), for normally consolidated clay with ¢ = 0. i ] | \

'¢= S G—|-U'; ; Q(b_'g\h G, -Gs

N = o) = oy un=(45 + 9—) g
Ci+g3 ' -

O +03

21.1 = 12 un’(-lS + -;

o
¢ = 2[!.1:1"(31%—1 - 45] = 16°

)

€A




r ™= hatw.. i

Solution
Fm.!.n Figure 1131, (Ur‘ - ,,-',)
FSc. i)
\B ;
sin ¢’ = A5 = { . — oy + “f’.
AGRCOT OA & o ot d' + 2
-y o (r'l + O’;) n ¢’ (ﬂ)
AYOW ] Setn Yy ’ ' —— i
Ay ——. +
£ 5 = o 008 é ’ ( 2
o _ (b)
s Q"= m-+ p'tan a
Eqs. (a) and (b), we ind that
W e m = ¢’ cos @' 5o N
TS [ lan @ = sin ¢’
or 3 '
b a = tan"'(sin &) -
r - — 1 »
@ = sin {(tan o )
~ a”’
s —— =
COsS >
O =05 +DNo- = 35 + Yoo o)
! [ totul
93 =93 - (A =315 -1%Y¥ = Gy = 0= U= 2lov-3 Y
A normally consolidated clay was_consolidated under a stress of 3150 1o/, then sheared bo‘
undrained in ania compression, Theapﬂncipnl stress difference ot failure was 2100 I/ and the-2)
Induced pore pressure ar failure was?¥1848 |b/n2, Determine (a) the Mohr-Coulomb strength
parameters, in terms of both total and eifective stresses analytically. (b) compure (o,/a,), and
m".la’,),. and (¢) determine the theoretical %le of the filure plane in the specimen.
Solution ¢ &/ ’f
The parameters required are: effective parameters & and ¢, and total Parameters ¢ and @.
(a) Given a, = 3150 /N2, ang (7, - @,),= 2100 IV, The tatal principal siress at failure oy
is obtained from (e
@) C=o h=shilcr=g:
Sy=(a, -0y + Ty, = 2100 + 3150 =5250 1w/ S Yo
Effective o', = 0\, ~ u, = 5250 - 1848 = 3402 |ura R
o’,,:-o,,-u,:llso- 1848 = 1302 /2
Now o, = o, tan? (45° + &2) + 2¢ wan (45° + o2) \ |
Since the soil is normally consolidated, ¢ = 0 As such (b = g‘n—l (G".‘ "'G—g
o, l+sing o -0
e b £ €8 I m a0l \sp= G
= tan(45* + o )-I_l_m', m.m..;:-:;.: T s
2100 2100
=sint! ———__ Ly 2100 ..
Total ¢ = sin 32303150 sin 3300 =145 b = ;
2100 2100 = 3-&- ‘G:T- =
. = . —h.l -I___ z .
bt A Y S o a703 = SSEAO 5 o,
(b) The stress ratios at fallure are —
3250 ol _ 30 C) 6= L{B +
O 7 —L === L aa1
o, 1150 oy 1302 Q_
(c) From Eq. (8.18)
. A
a, = 45" +'?-45-+-"'2—"-sw'
oY
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A soil has an unconfined compressive strength of 120 kN/m*. In a triaxial compression test a

specimen of the same soil when subjected to a chamber pressure of 40 kN/m? fai i
sress of 160 KN/ M iarlna P G_______m dllcdutnnuddlﬂonaé‘ i e Ao
3

=
(i)ﬁe shear strength parameters of the soi, (i - ;
gthp eson.(u)ylheanglemudebylhcfmlureplanewuhlhc C and (b

3

Solutlon p __
There ls one unconfined compression test result and one triaxial compression test result. Hence two
Mok circles, €. and C, may be drawn as shown in Fig. Ex. 8.11. For Mohr circle C;, 0y =0 and
0,=120 kN/m?, and for Mohr circle C,, 0, =40 kN/m? and 6, = (40 + 160) = 200 kN/m? A

common tangent to these two circles is the Mohr envelope which gives

(i) ¢ = 43 kN/m? and ¢ = 19°
(ii) For the triaxial test specimen, A is the point of tangency for Mohr circle C, and C'is the
center of circle C,. The angle made by AC with the abscissa is equal to twice the angle between the
failure plane and the axis of the sample = 26, From Fig. Ex. 8.11,20 =71°and 8 =35.5° The

angle made by the failure plane with the ¢ -axis is &t = 90°=35.5° = 54.5".

oY

Aereholes reveal that a thin layer of alluvial silt exists at a depth of 50 fit below the surface of the
3 5 L T APy R TR [ v, et ompms, | ey i (oo oy G i 1
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