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where ¢ = ultimate angle of shearing resistance
¢,,= mobilised angle of shearing resistance
3. Factor of safety with respect to shear strength is given by
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- where ultimate shear strangth, T F=ctaotan¢
and. . mobilised shear strength t1=c,, +0 tan 0,

4. Factor of safety with respect to height is given by
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where H = critical height of slope
H = actual height of slope.

Also Fy = F¢ , assuming cohesion to be fully mobjlised. .

13.7 Friction Circle Method

In the friction circle method the slip sdrface is assumed to be cylindrical le., arc of a circle in

section. The sliding soil mass is assumed to be acted upon by thr, .
: j e i e wia Silediants
‘showninFig. 13.11 (a) \ e foTces keeping it in equilibrium, as

(D The weight, W, of the sliding soil mass ABDA. au

i X J . ng vertically throy gh ifs centre of gravity,
(i) .;l"he resultant cohesive force, CyL ,acting parallel to chorg AD and at distance a from centré
- ofrotation O, where a =r.=, L =length of arc AD and L= length of chord AD
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Fig. 13.11 Friction circle method

Procedure :

. Withcentre O and radius r, the slip circle AD is constructed. The friction circle is drawn with
centre O and radius Kr sin ¢. K is taken as 1 unless otherwise given.

2. A vertical line is drawn through centroid of section ABDA, to get the line of action of
weight W.

-

L
3. ChordADis drawn. A line is drawn parallel tochord AD and at distance a = r.-L—. from O, to

get the line of action of resultant cohesive force ¢, L . The lengthof arc AD, L is computed
using the equation L= z:;—g . The length of chord AD, L is obtained by measurement.

4. Through the point of intersection of the lines of action of forces W and ¢, L ,alineisdrawn
tangential to the friction circle, to get the line of action of resultant reaction R.

The weight W of the sliding soil mass ABDA is computed and plotted to scale as shown in
Fig. 13.11 (b). Through the ends of the vector representing W, lines are drawn parallel to the

lines of action of forces ¢,,L and R to complete the triangle of forces.
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6. ' The value of ¢, L is obtained from the force triangle and divided by value of L to obtain
the value of mobilised cohession c, . The factor of safety with respect to cohesion, Feis

given by 0
c
Fet
C

m

where ¢ = ultimate cohe-

sion.
Explanation for resultant cohe-

sive force, ¢, L.

Thearc AB inFig. 13.121s
assumed to consist of a number
of elemental lengths AL. If ¢, is
the mobilised unit cohesion then
force on each elemental length
willbe ¢, AL. The forces ¢, . AL
acting on the elemental lengths,
can be plotted to a suitable scale
\to get a series of vectors fromA A
to B which results in a force poly-
gon. The closing line of this

- force polygon is the chord AB.
Then chord AB will represent the
resultant cohesive force in mag-
nitude and direction. Thus the
magnitude of resultant cohesive

force is ¢, L where [ is the
length of chord AB. Let the re-_
sultant cohesive force acting
parallel tc chord AB, be at dis-
tance a from O. Taking moments
-about O and applying Varignon’s
theorem we get '

(, L)(a)=Zc, .AL.r
%

krsing

Explanation for resultant reac-

tion R
The arc AB is assumed to

=,

consist of a number of elemen-
tal lengths AL. The resultant re-
-_ction AR acting on an element
AL will be inclined at angle ¢ to
the normal at the mid-point of

Fig. 13.13 Resultant reaction R.
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whete ¢ = unit ultimate cobesion,
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Further 1 =y = I so that 111 =11,
Substituting in 1. (1)
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where 11, eritical height of slope.

- Using the friction circle et along vith an snal ytical pre n:ny!m'rs.’l'u)/’,,‘)r tit:lcrmil}crl S, i'o.r finite
slopes and presented the results in the formof atable Clable 12,1) and a chan (Fig, 13,09 ) from which one
can obtain value of 5, for different values of slope angle | and angle of shearing resistance 9,

Since Taylor stability number 5, i bised on factor of safety with respect (o cu!’ncs.:up.‘!*,.. |h_c
table and chart give 5, only for the case where § is wssumed 10 be fully mobilised, But in cases where
y " , < i oA ol anpl
factor of safety is applicable to both cohesion and friction, we hiave mobilised shearing resistance
given by

1, ¢ 0ot
T = |

Frr
While obtaining 8, from chart, mobilised angle of shearing resistance ¢,, should be used
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(an 4 o ol -
, b ‘ / and 1 independent of height of slope.
apslicable, The factor of safety i given by F=0 ' I
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¢’ obtained from drain
te idea of long term sta

be assumed.
should be used in the expression for .. When (h,

slope is saturated, as for example by capillary water, ¥, should be used in the expression for S, Inthe
d in the expression for 5, and value of §, should b,

case of sudden drawdown ¥, should be use

, Y
o weighted frictional angle ¢, given by 9, = r¢
ad

angle i and depth factor
p of slope to the height

For long term stability ¢’ and
stability number gives an approxima
and no change in water content can

In the case of fully submerged slopes, Y

obtained from Taylor’s chart, corresponding t
§_ for different values of slope

Taylor also determined stability number
f depth to hard strata below to

D, The depth factor D is defined as the ratio o

of slope. This is illustrated in Fig. 13.14.
) A
H
D,.H
Yy
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//\\ //\\ //\\ //\\ hard stratum
Fig. 13.14 lllustration of depth factor, D,

Taylor presented table (Table 13.2) and chart (Fig. 13.19) from which one can obtain S, for
different values of i and D, _ - "

13.9 -Bishop’s Method of Stability Analysis
In the Bishop’s method of stability analysis the following assumptions are made :
1. Theslip surface is cylindrical, that is, arc of a circle in section.
2 - The sliding soil mass is assumed to consist of a number of vertical slices.

3 The forces of interaction between adjacent slices, which were neglected in the Swedish
method, are considered in the Bishop’s method. ' '

Analysis. Let AD be aslip circle with radius r and O the centre of rotation. The section of sliding soil
mass ABDA is divided into a number of slices. In the Fig. 13.15 is shown the free body dia rarrT of a
slice between sections n and n + 1. The explanation of notations is as follows Y

E, andE |, = normal forces on the sections n and n + 1, exerted by adjacent slices.

X and X, ,, = shear forces on sections 7 and n + 1, exerted by adjacent slices.

W = weight of slice

N = normal reaction at the base of slice
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