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The Theoritical Analysis of the Slope
Stability subjected to Seepage Force
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ABSTRACT

The main purpose of this study was to develop a useful method for analysing slope stability by
seepage force. The stability of an embankment impounding a water resorvoir is highly depend upon the
location of seepage line with the embankment, it is important to illustrate the seepage phenomenon.

Of particular interest 1s the stability following a rapid rise change of resorvoir level. Seepage forces in
embankments are easily determined if frictional forces are expressed in relation to hydraulic gradient i.

Seepage forces can combine with soil weights to improve stability or worsen it, depending on the

direction in which the forces act in relation to the geometric cross section.
z280}

APREY SNl oM Z1Ee dFE dFE FFEY 3g A ga HH e Adbste sk
sy v ARA AREe oA .

wetA B Aol A APAGA Ao QojA HFEFHe o] AlHY kAol v[X & PiFo] 2 AL
ZA&t7] H8]A Bishop's Simplified Method& 0183t o]&x oz ATHSL 183 rH &AL £
F=dtd.

APRREY ol &4 o] HAMH L AAe] F&Mol HAE A% &AL 7Fog 7 UL £
FaEYHZ TR, o] gAY FUEA FE3te AFH S nste] AAAHFAS Y

tlo
2
5
o
of
o%
tio
)
e
i)

*
o
0

MErist Ldotdnt

srTAIOHISISIX] HINH A4S ‘o6 128 151



W

1. The Theoritical Analysis of the Slope
Stabi

1.1 The Use of Limit Design Methods

In this study may be introduced the estimate of
stability not only by the use of approximate
methods of stability analysis, but also by seepage
force D. Unless equal attention is paid to each
factor, an elaborate mathematical treatment may
lead to a fictitious impression of accuracy.

However, in a number of cases the uniformity of
the soil conditions or the importance of the prob-
lem will justify a more accurate analysis.

As the majority of stability problems occur in
slopes and embankments having lower factors of
safety than this, a state of plastic equilibrium must
be considered to exist throughout at least part of
the slope.

Under these conditions a quantitative estimate of
the factor of safety can be obtained by examining
the conditions of equilibrium when incipient failure
is postulated, and comparing the strength necessary
to maintain limiting equilibrium with the abailable
strength of the soil. The factor of safety (F) is
thus defined as the ratio of the abailable shear
strength of the soil to that required to maintain
equilibrium. The strength mobilized is, therefore,
equal to s, where :

1
F
$’ =denotes angle of shearing resistance, (in

jl CH+(o,~Ultan¢ +D } ............... 1)

;=

terms of effective stress)

Q

=denotes cohesion, (in terms of effective
stress)

U =denotes pore presure,

F =denotes the factor of safety,

o ,=denotes total normal stress,

D =denotes seepage force,

Failure along a continuous rupture surface is
usually assumed, but, as the shape and position of
this surface is influenced by the distribution of
seepage force and the varation of the shear para-
meters within the slope, a generalized analytical
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solution is not possible and a numerical solution is
required in each individual case. The rigorous de-
termination of the shape of the most critical surface
presents some difficulty, and in practice a simpli-
fied shape, usually a circular arc, is adopted, and
the problem is assumed to be one of plane strain.

1.2 Mechanics of the Circular Arc Analysis

In order to examine the equilibium of the mass
of soil above the slip surface it follows from equa-
tion (1) that it is necessary to know the value of
the normal stress at each point on this surface, as
well as the magnitude of the seepage force. It is
possible to estimate the value of the normal stress
by follwing the method developed by Fellenius
(1927, 1936), in which the conditions for the sta-
tical equilibrium of the slice of soil lying vertically
above each element of the sliding surface are fully
satisfied.

The significance of this assumption may be ex-
amined by considering the equilibrium of the mass
of soil (of unit thickness) bounded by the circular
arc ABCD, of radius R and centre at O(Fig. 1).
In the case where no external forces act on the
surface of the slope, equilibrium must exist be-
tween the weight of the soil above ABCD and the
resultant of the total forces acting on ABCD.

Let E,, E.+; denote the resultants of the total
horizontal forces on the sections n and n+1
respectively,
and X,—X,+1=the vertical shear forces,

W =the total weight of the slice of soil,

W, =the weight of the slice of wet soil,

W, =the weight of the slice of submerged soil,

P =the total normal force acting on its base,

S =the shear force acting on its base,

H =the height of the water level,

h; =the height of the wet soil mass,

h, =the height of the submerged soil mass,

b =the breadth of the element,

¢ =the length BC,

a =the angle between BC and the horizontal,

x =the horizontal distance of the slice from the
centre of rotation
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Fig. 1 Forces in the slices method

The total normal stress is ¢ ,, where

o n:p / f vt e e (2)
Hence, from equation (1), the magnitude of the
shear strength mobilized to satisfy. the conditions
of limiting equilibrium is s where :

1

.................................................. (3-b)
The shear force S acting on the base of the slice
is equal to s/, and thus, equating the moment
about O of the weight of soil within ABCD with
the moment of the external forces acting on the
sliding surface, we obtain :

S Wx=5(W;+Wy)x=ZSR=S5{R = (4)
1t follows, therefore, from equation (3-a) that :
S(W+W,y)x=

R
S G+ (P-ULtand +DE] oo (5)

F= S[Cre+(P-U?)

S (Wi+Wo)x
tan¢i’+D e:‘
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From the equilibrium of the soil in the slice
above BC, we obtain P, by resolving in a direc-
tion normal to the slip surface :
P=(W;+W,+X,—X,+,)cosa —

(En_En+l)sina ................................. (7)
The expression for F thus becomes :
R
S — o+ -
F= Sy > C¢ Hand, { (W +
Wolcosa —U ¢ } +tan$; { (Xo—Xor1)
cos@ —(E,—E,4+1)sin@ }+D €] eeeereenee (8)

Since there are no external forces on the face of
the slope, it follows that :
2 (Xn—Xn+l ) :0 ..............................
Z(En—En+]):0 .............................. (g_b)
However, except in the case where ¢’ is con-
stant along the slip surface and @ is also constant,
the terms in equation (8) containing X and E, do
not disappear.
A simplified form of analysis implies that the sum
of these terms
Stan ¢, { (X,—Xut1)cos @
~(Ey—E,+)sin@ }
may be neglected without serious loss in accuracy.
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This is the method at present used, for example,
by the U.S. Bureau of Reclamation{Daehn and
Hilf, 1951)

Putting x=R sina, the simplified form may be
written .

1

F= __——2 (W1+W2)Sin p 3 [C;’e +tan ¢ ;

{ (W, +Wy)cosa—Ug }+Dg] -oeereeeens (10)

To derive a method of analysis which largely
avoids this error it is convenient to return to equa-
tion(6). If we denote the effective normal force
(P-U¢ ) by P, and resolve the forces on the slice

vertically, then we obtain, on re-arranging.

Wi+ Wo=Pcos @ +Ssin@ «weeeeeeeveeeens (11-a)
Pcos a =W1+W2—S SIN@ ceerereenenianes (ll‘b)
The expression used in Eg.{3-b)
sin a
Pcosa =W;+W,— F S[Ce
+(P—U{ )tang;+D¢]
_ C/¢sina Psin a i
U¢sina ,, sina
~ =2 g + D e (12)
natang;
EP(cosa + ﬂF—st):er‘Wz
_E[Ci'“in“ _ U¢sinatang;
F F
sin @
+ = Dg] ................................... (13)
_ Ce¢sina U¢sinatang
P—E[(W1+W2— =z =
sin @ sinatan¢;
~TF DZ)/(cosa+—F——)] e (14)
where, Eq.(14)-U¢
P-U¢=
C/tsne  Ufsmatang; sine
Witym3 | = - 0t |
b —-U¢
[ sinatan ¢ ]
cosa+——F—
.................................................... (15)
P-UtL=5% L [w,+w
T “ cosa +(sinatang;/F) ! 2
‘o Ugsinatand;
_C e;ma esml;z an ¢ Ut cosa
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U{sinatang; sina
— & — = DZ] .......... (16)
1
P-Ut=2 cos @ (14 (tan a tan ¢ {/F)] [Wl
W C/¢sina _u _ sin @
e {cosa F Dé]
.................................................... (17)
Putting, seca =
cos a
seca
P-Uet=2 1+ (tan @ tan ¢ {/F) [(W‘+WZ)
_ C/é¢sna

- a—ﬂDe] (18)
B U ¢ cos F

Moment Eq. (6), Put(18) (x=Rsina )

E[C't+[w+w—c‘ma “tage- Sty | —omb |
e T F t{matd )
N RE(Wl'f‘Wg)Sina
.................................................... (19)
F= L sfere+
T S (W 4+Wy)sina i
Ci' tan a t. e
-—E—Faﬂ+(wl+wg)secatan¢(
[ltanotan g
_.Cle a ¢l _Uetan¢l,
F
Dﬂtanatanyﬁ{ 1
- F ]1+(tanatan¢i'/F) (20)
where, b= £ cosa replace put, ¢ =b sec«
1
F= -
2(W1+W2)sma

[Cl'bseca+(Wl+W2)secacan¢,'—Ubsecatan¢,'—Dbsecatanatanp‘,’/F ]
1+ (tanatan ¢ /F)

1 sec a
S(Wi;+Wy)sin @ 2 1+ (tan @ tan ¢ ;/F)
[Cib+tan $ ;| (W, +W,)—Ub
—Dbtan @ /F }] ................................. (22)

where,

F:

tanatan¢{)
F

1 ,
F= S Wi Wysma = [Cbttand,

| (W,+W,)—Ub—Dbtana /F }] nll

m,=cos @ (H—

..... (23)

It should also be noted that, since the seepage
force in the simplified method given in equations

Jounal of KIS Vol. 11, Na. 4, December ‘%



(23) varies with the central angle of the arc, it will
lead to a different location for the most crtical
circle than that given by the more rigorous
method. It will, therefore, generally be necessary
to examine a number of trial circles by this
method.

It is can be seen that for partially submerged
slopes an analogous method is obtained by using
submerged densities for those parts of the slices
which lie below the level of the external free water
surface, and by expressing the seepage forces there
as an excess above the hydrostatic pressure corres-
ponding to this water level.

2. Bishop’s Simplified Method

It has been shown elsewhere by a relaxation
analysis of a typical earth dam (Bishop, 1955)
that, even assuming idealized elastic properties for
the soil, local overstress will occur when the factor
of safety (by a slip circle method) lies below a

value.
— 1 K — 1
F SWena 3 [C/b+tan ¢ ,(W—Ub)] -
.................................................... (24)
m,=cos@ {1+ tanatan gy (25)
F
3. Conclusion

In this study, it was reported about the introduc-
tion of the analysis of the slope stability under the
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seepage force by Bishop’s Simplified Method.

Embankment under the seepage force was di-
vided into two groups, submerged condition and
wet condition. The analysis of the slope stability
was performed by considering seepage force term
that acts on slice mass in the submerged condition.

For the more correct computation of the factor of
safety, it is require the considering seepage force
term, but not yet, the analysis have been per-
formed without considering of seepage force in the
formation of seepage line.

References

1) W. Fellenuus, Calculation of the Stability of
Earth Dams, Trans Sewnd Cong. on Large
Dams. 4, 1936.

2) A.W. Bishop, The Use of Slip Circles in the
Stabilit Analysis of Earth Slopes,
Geotechnique, Vol. 5, pp. 7~17, 1955,

3) J.M. Duncan and S.G. Wright, Accuracy
Equilibrium Slope Stability Analysis, J. Soil
Mech. Found. Div. A.S.C.E, Vol. 99,
Sml10, pp. 783~793, 1976.

4) E.N. Bromhead, The Stability of Slopes,
Surrey University Press, pp. 77—198, 1986.

5) N.S. Mshana, et al, Study on Slope Failure
Mechanisms by Using Laboratory and Numer-
ical Model, Int. Symp. on Developments in
Laboratory and Field Tests in the Geotech-
nical Engineering Practice, Bangkok,
Thailand, pp. 47~64, 1990.

155



