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Slope Stability



B An exposed ground surface that stands at an angle
with the horizontal is called an unrestrained slope.

m The slope can be natural or man-made.

m Gravity will tend to move the soil downward the slope
as shown.

m |f the component of gravity is large enough, slope
fallure can occur, that is, the soil mass in zone abcdea
can slide downward as shown.

m The driving force overcomes the resistance from the
shear strength of the soil along the rupture surface.









m Civil engineers often are expected to make
calculations to check the safety of natural
slopes, slopes of excavations, and compacted
embankments.

m This check Involves determining the shear stress
developed along the most likely rupture surface
and comparing it with the shear strength of the
soll.

m The above process Is called slope stability
analysis.

m The most likely rupture surface is the critical
surface that has the minimum factor of safety.




m The stability analysis of a
slope Is difficult to perform.

Depends on:

= Soll stratification

" In-place shear strength
parameters

» Seepage through the slope
= Choice of a potential slip surface



Factor of Safety

m The task of the engineer is to determine
the factor of safety when analyzing slope
stability.



14.1

Factor of Safety

The task of the engineer charged with analyzing slope stability is to determine the
factor of safety. Generally, the factor of safety is defined as

F,=— (14.1)
where F; = factor of safety with respect to strength

¢ = average shear strength of the soil
74 = average shear stress developed along the potential failure surface

The shear strength of a soil consists of two components, cohesion and friction,
and may be written as

=]

= ¢+ o' tan ¢’ (14.2)

where ¢’ = cohesion
¢' = angle of friction

F

o = normal stress on the potential failure surface
In a similar manner, we can write

Ta = Cy + o' tan o) (14.3)

[

where c; and ¢ are, respectively, the cohesion and the angle of friction that develop
along the potential failure surface. Substituting Egs. (14.2) and (14.3) into Eq. (14.1),
we get

¢’ + ¢’ tan ¢’
el : ; (14.4)
¢; + o' tan ¢




Now we can introduce some other aspects of the factor of safety — that is, the
factor of safety with respect to cohesion. F

«» and the factor of safety with respect to
friction, Fj. They are defined as

fe-!'
and
tan o'
g (14.6)
tan d,

When we compare Eqgs. (14.4) through (14.6), we can see that when F. be-
comes equal to Fy, it gives the factor of safety with respect to strength. Or, if

ot tan o'

Cq - tang)
then we can write
F.=F =F, (147)
impending failure. Generally, 4 |
trength is acceptable for the de- |

When F, is equal to 1, the slope is in a state of
value of 1.5 for the factor of safety with respect to s
sign of a stable slope.




Stability of Infinite Slopes

[n considering the problem of slope stability, let us start with the case of an infinit
ope asshownin Figure 14.2, The shear strength of the soil may be given by Eq. (142)

5]

T=¢ + o' tan e’

Figure 14.2 Analysis of infinite slope (without seepage)




ﬂﬁs_uming that the pore water pressure is zero, we will evaluate the factor of safefy
against a possible slope failure along a plane AB located at 2 depth H below he
ground surface. The slope failure can occur by the movement of soil above the plane
AB from right to Jeft, l

Letus consider a slope element abed that has 1 unit length perpendicular fo the
plane FJf the section shown. The forces, £ that act on the faces ab and cd are equal and
opposite and may be ignored. The weight of the soil element is

W = (Volume of soil clement) X (Unit weight of soil) = yLH (148

The weight W can be resolved into two components:

1. Force perpendicular to the plane AB = N, = W cos 8 = yLH cos f.
2. Force parallel to the plane AB = T, = Wsin § = yLH sin . Note that this is
the force that tends to cause the ship along the plane




Thus, the effective normal stress and the shear stress at the base of the slope
element can be given, respectively, as

- N, _ vLH cos B

Area of base ( L )

v = vH cos’ 8 (14.9)

cos

e _ yLHsmp

—_—
7 —

= vH cos B sin 8 (14.10)

Areaof base (L)
cos fB

The reaction to the weight W is an equal and opposite force R. The normal and
tangential components of R with respect to the plane AB are

N, =Rcos 8 = Wcos 8 (14.11)
and

T = RsinB = Wsin B (14.12)




For equiltbrium, the resistive shear stress that develops at the base of the element is
equal to (T,)/(Area of base) = yH sin B cos B. The resistive shear stress may also be
written in the same form as Eq. (14.3);

1= ¢t o tan g

The value of the normal stress is given by Eq. (14.9). Substitution of Eq. (14.9) into
Eq. (14.3) yields

7, = ¢) + yH cos” f tan o) (14.13)
Thus,

yH sin B cos B = ¢ + yH cos” B tan ¢}

or

c , = r
- sin B cos 3 — cos” B tan ¢
vH

= cos’ B(tanB — tan ¢)) (14.14)



The factor of safety with respect to strength has been defined in Eq. (14.7), from
which we get
tan ¢’ C

d ==
F; dll Cq EE

tan ¢, =

Substituting the preceding relationships into Eq. (14.14), we obtain

’ tan ¢’ |
o P (1415)
" yHcos"BtanB = tanp

For granular soils, ¢! = 0, and the factor of safety, F;, becomes equal to
(tan ¢')/(tan B). This indicates that in an infinite slope in sand, the value of F, isin-
dependent of the height H and the slope is stable as long as 5 < ¢'.

If a soil possesses cohesion and friction, the depth of the plane along which #
critical equilibrium occurs may be determined by substituting F; = 1 and H = H;
into Eq. (14.15). Thus,

o - i (14.16)

¥ cos® B(tan B — tan ¢')
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Example 14.1 T S

An iofinite slope is shown in Figure 14.4. There is ground water seepage, and th
ground water table coincides with the ground surface. Determine the factor o

safety, F..
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Figure 74.4

Ssolution

Yoar = FYRBENADT "and v, = 981 kMN/m>

=0,

¥ Yot = Y= 1782 981 = 799 kN/m>

From Eq. (14.28), :
A o e 3 ¥ tan !
¥ Hcos?Btan B v tan B

10 99 tan 20

e S i i &
(17.8)6)cos 15 tan 15 7.8 tan 15

0375 4+ 0.61 = 0.985

Fhe value of F, would be less than 1: hence, the slope would be unstable.




14.3 Finite Slopes - General

! x haL) B . ~ ® =¥n 'h.l -
W hﬂln the value of H,, approaches the height of the slope, the slope may generally be
considered finite. For simplicity, when analyzing the stability of a finite slope in a ho-
mogeneous soll, we need to make an assumption about the general shape of the sur-

face of potential failure. Although considerable evidence suggests that slope failures
usually occur on curved failure surfaces, Culmann (1875) approximated the surface
of potential failure as a plane. The factor of safety, F,, calculated by using Culmann§
approximation, gives fairly good results for near-vertical slopes only. After extensive
investigation of slope failures in the 1920s, a Swedish geotechnical commission rec-
ommended that the actual surface of sliding may be approximated to be circularly
cylindrical.

Since that time, most conventional stability analyses of slopes have been mads
by assuming that the curve of potential sliding is an arc of a circle. However, in many
circumstances (for example, zoned dams and foundations on weak strata), stability
analysis using plane failure of sliding is more appropriate and yields excellent results.




Analysis of Finite slopes with Plane

Failure Surfaces (Culmann’s Method

Culmann’ analysis is based on the assumption that the failure of a slope occurs along
a plane when the average shearing stress tending to cause the slip is more than the
shear strength of the soil. Also. the most critical plane is the one that has a minimum
ratio of the average shearing stress that tends to cause failure to the shear strength
of soil.

Figure 14.5 shows a slope of height /. The slope rises at an angle 8 with the
horizontal. AC is a trial failure plane. If we consider a unit length perpendicular to
the section of the slope, we find that the weight of the wedge ABC
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Tp=c'+ G ' tan ¢’
il Lhoit weight of soil = vy

Figure T4.5 Finite slope analvysis — Culmann’s method



yH| 1 = cos(B - d4) |
sin f3 cos &

The preceding equation can also be written as
' i Py
Cy | — cos(p — &)
— == (14.41)
yH 4 s1n 3 oS ¢,

where m = stability number.
The maximum height of the slope for which critical equilibrium occurs can be
obtained by substituting ¢; = ¢’ and ¢; = ¢' into Eq. (14.40). Thus,

H, =

_4:?’{ sin 3 cos ¢' ‘

71 ] = cos(B - ¢')




Example 14.2

A cut is to be made in a soil that has y = 16 kN/m’, ¢’ = 28 kN/m’, and ¢’ = 20".
The side of the cut slope will make an angle of 45° with the horizontal. What
should be the depth of the cut slope that will have a factor of safety, F,, of 3.5

Solution
We are given that ¢’ = 20° and ¢’ = 28 kN/ m*. If F, =
F, and F, should both be equal to 3.5. From Eq. (14 '?)

3.5, then, from Eq. (14.7)




Similarly, from Eq. (14.6),

tan o'

tan ¢

,_fand’ tand’ tan20
lang; = —=——— = =
".Ll"llfll -"L

UL

Substituting the pu,c,ulmﬁ values of ¢; and ¢ into Eq. (14.40) gives
4¢!)| 4cq| s B COS I:'frﬂu
J —uﬁ(ﬁ by). Z

= 6.28 m

H =

4 E{H{ sin 45 cos '1 y
6 |1~ Lm{ﬂr"s — W‘JJ




Analysis of Finite Slopes with
Circular Failure Surface — General

Modes of Failure

In general, finite slope failure occurs in one of the following modes (Figure 14.6):

I. When the failure occurs in such a way that the surface of sliding intersects the
sl_ﬂpc at or above its toe, it is called a slope failure (Figure 14.6a). The failure
circle 1s referred to as a toe circle if it passes through the toe of the slope and as
a slope circle if it passes above the toe of the slope. Under certain circum-
stances, a shallow slope failure can oceur, as shown in Figure 14.6b.

: ﬁ"’hcn the failure occurs in such a way that the surface of sliding passes at some
_1;1_15[&1!1&: below the toe of the slope, it is called a base Jailure (I-’-'1Tgurr: 14.6¢)
Lhe failure circle in the case of base failure is called a midpoint circle.




Types of Stability Analysis Procedures

Ty 14 5 e o e o Sl e SRS ' " . '
Various procedures of stability analysis may, in general, be divided into two major
classes: '

1. Mass procedure: In this case, the mass of the soil above the surface of shiding 1s
taken as a unit. This procedure is useful when the soil that forms the slope is
assumed to be homogeneous, although this is not the case in most natural slopes.

J-iiirf”h'r?rf}ff of slices: In this procedure, the soil above the surface of slidine is di-
vided into a number of vertical parallel slices. The stability of each slice is cal-
culated separately. This is a versatile technique in which the nonhomogeneity

of the soils and pore water pressure can be taken into consideration. It also ac
counts for the variation of the normal stress along the potential failure surtac

The fundamentals of the analysis of slope stability by mass procedure and method off
slices are given 1n the following sections.
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Figure 14.6 Modes of failure of finite slope: (a) slope failure: (b) shallow slope failure; (c) base failure




Mass Procedure — Slopes In
Homogeneous Clay Soil with @ = 0

Figure 14.7 shows a slope in a homogeneous soil. The undrained shear strength of
the soil is assumed to be constant with depth and may be given by 7, = ¢,. To per
form the stability analysis, we choose a trial potential curve of shiding, A ED, which
is an arc of a circle that has a radius » The center of the circle is located at O. Con
sidering a unit length perpendicular to the section of the slope. we can give lhe
weight of the soil above the curve A ED as W = W, + W,, where

W, = (Area of FCDEF)(vy)

and
Wo = (Area of ABFEA)(vy)

Unit weight of
\ soil =y
MNoainormal reaction) Tr= <y

o

4 “gu] e T4 / <h;1.‘:['::']] - . 1 F 3
- - 1LY an 'l] VS S I > = - &
- b s Of = ]"—]F = 1T F‘l::’]]:l(-:l{."_l; neous saturated (‘!ﬂ}" soil {{{J == ':}}




Failure of the slope may occur by sliding of the soil mass. The moment of the
driving force about O to cause slope instability is

.-'wﬁ.' — H'IJEII| - FE"E.I'PE (T4.43}

where /; and /, are the moment arms.

The resistance to sliding is derived from the cohesion that acts along the po-
tential surface of sliding. If ¢, is the cohesion that needs to be developed. the moment
of the resisting forces about O is

My = c(AED)(1)(r) = c 0 (14.44)
For equilibrium., Mp = M,; thus,
ca’0 = Wil, — Wil

or
1H"ﬂ |'|r|_ =T 1’1"2;3

Cn’ == =

6

(14.45)
The factor of safety against sliding may now be found:

F=2=% (14.46)
Ca Cq

Note that the potential curve of shiding, A ED, was chosen arbitrarily. The crit-
ical surface is that for which the ratio of ¢, to ¢; is a minimum. In other words, ¢, is
maximum. To find the critical surface for sliding, one must make a number of trials
for different trial circles. The minim um value of the factor of safety thus obtained is
the factor of safety against sliding for the slope, and the corresponding circle is the
critical circle,




Stability problems of this type have been solved analytically by Fellenius (1 927)
and Taylor (1937). For the case of critical circles, the developed cohesion can be ex-
pressed by the relationship

cqg = yHm
o1
- (14.47)
*‘}JH = ﬁ_I :

Note that the term s on the right-hand side of the preceding equation is non-
dimensional and is referred to as the stability number. The critical height (i.e., F; = 1)

)
e ————

mf the slope can be evaluated by substituting H = H, 5.111{1_:::'_1F = ¢, (full mobilization
of the undrained shear strength) into the preceding equation, Thus,

C

Cop e 2
H, = = (14.48)
Values of th_e stability number, m, for various slope angles, 8, are given in Fig-
ure 148 lerzaghi used the term yH/c,, the reciprocal of m and called it the _.a'rrrbfh';}-' :
_,_f{-;ﬂ{yr: Readers should be careful in using Figure 14.8 and note that it is valid for
slopes of saturated clay and is applicable to only undrained conditions (¢ = 0),




In reference to Figure 14.8, the following must be pointed out:

—1. For aslope angle § greater than 53°, the critica

circle is always a toe circle,

2, Furﬁ <53, the critical circle may be a toe, slope, or midpoint circle, depend-
ope. This is called the depth

ng on the location of the firm base under the s
function, which is defined as

Vertical distance from top of s|

ope to firm base

Height of slope

3 When the cri 1|cah,miemamﬂpmntumk (ie.,

(14.49)

the fatlure surface i tangent

{0 the firm base), its position can be determined with the aid of [ Figure 14.9.

4. The maximum possible value of the stability nu
crrcle 15 0,181,

mber for failure as a midpoint




For f = 53°
All circles are toe circles.

For ff < 53°

Toe circle

Midpoint circle =—=-—=-=

Slope circle =

Stability number, m

50
Slope angle, B (deg)

(b

Figure 14.8 (a) Definition of parameters for midpoint circle type of failure; (b) plot of
stability number against slope angle (redrawn from Terzaghi and Peck, 1967)




Figure 14.9
Location of midpoint circle




Example 14.3

A cut slope in saturated clay (Figure 14.10) makes an angle of 56° with the
horizontal.

a. Determine the maximum depth up to which the cut could be made. As-
sume that the critical surface for sliding is circularly cylindrical. What will
be the nature of the critical circle (i.e., toe, slope, or midpoint)?

b. How deep should the cut be made if a factor of safety of 2 against sliding
is required?

H
- w = 100 Ib/fi?
¢,, = 500 Ib/fit?
o =0
\ B=s56° |
______ N o
Figure 14.T70
Solution
a. Since the slope angle 8 = 56° = 53°, the critical circle is a toe circle. From
Figure 14.8, for 8 = 56°, m1 = 0.185. Using Eq. (14.48), we have
&, 500
H == = 24.57 ft

vrr  (110)(0.185)
b. The developed cohesion is

5 300 5
Ca = f\ g e — 250 lb/f1-
From Figure 14.8, for 8 = 56°, rmm = 0.185. Thus, we have
C 250
H — —— = = 12.29 £t =

vyt (110)(0.185)




Example 14.4

A cut slope was excavated in a saturated clay. The slope made an angle of 40° with
the horizontal. Slope failure occurred when the cut reached a depth of 6.1 m. Pre-
vious soil explorations showed that a rock layer was located at a depth of 9. %’i m
below the ground surface. Assume an undrained condition and v.,, = 17.29 kN/m".

a. Determine the undrained cohesion of the clay (use Figure 14.8).

b. What was the nature of the critical circle?

c. With reference to the toe of the slope, at what distance did the surface of
sliding intersect the bottom of the excavation?

Solution
a. Referring to Figure 14.8, we find that
5 a15 | =
e
Yiar = 17.29 kN/m?>
and
1:"”
Tl e
: VI

a. From Figure 148, for 8 =40°and D = 1.5. »m = 0.175. s0

= (H,)(y)(m) = (6.15)(17.29)(0.175) = 18.6 kIN/m?
b. i}"lidpmnt circle
c. Again, from Figure 14.9, for D = 1.5, 8 = 40°: n = (.9, so distance —
(n)}(H_.) = (0.9)(6.1) = 5.49 m




Example 14.4

A cut slope was excavated in a saturated clay. The slope made an angle of 40° with
the horizontal. Slope failure occurred when the cut reached a depth of 6.1 m. Pre-
vious soil explorations showed that a rock layer was l_::;rcated at a depthquf 9.}{5 T
below the ground surface. Assume an undrained condition and Yu, = 17.29 kN/m".

a. Determine the undrained cohesion of the clay (use Figure 14.8).

b. What was the nature of the critical circle?

¢. With reference to the toe of the slope, at what distance did the surface of
sliding intersect the bottom of the excavation?

Solution

a. Referring to Figure 14.8, we find that
9.15 B
D = = =

6.1
Vear = 17.29 kN/m?
and

'I::.I'E

El i

VI

a. From Figure 14.8, for 8 = 40°and D = 1.5, m = 0.175. so
¢, = (H )(y)(m) = (6.15)(17.29)(0.175) = 18.6 kN/m?
b. Midpoint circle
¢. Again, from Figure 14.9, for D = 1.5, 8 = 40°: n = 0.9. so distance —
(n)(H.) = (0.9)(6.1) = 5.49 m -




14.8 Mass Procedure—Slopes in Homogeneous c¢’-¢' Soil

A slope in a homogencous soil is shown in Figure 14.14a. The shear strength of the
soil is given by
Tr=¢"+ g tan g’
The pore water pressure is assumed to be zero. AC is a trial circular arc that passes
through the toe of the slope, and O is the center of the circle. Considering a unit length
perpendicular to the section of the slope, we find
Weight of soil wedge ABC = W = (Area of ABC)(¥)
For equilibrium, the following other forces are acting on the wedge:

l. C,—resultant of the cohesive force that is equal to the cohesion per unit area
developed times the length of the cord AC. The magnitude of C, is given by
the following (Figure 13.1 7b):

Cy = c)(AC) (14.53)

C, acts in a direction parallel to the cord AC (see Figure 14.14b) and at a dis-
tance a from the center of the circle O such that

Cila) = ci( AC)r

or

—

ci(AC)r AC

e e
Cy AC

2. F—the resultant of the normal and frictional forces along the surface of slid-
ing. For equilibrium, the line of action of F will pass through the point of inter-
section of the line of action of W and C,. :

(14.54)

i =




Lal

S dcy

{c)

)

nalysis of slope in homogeneous ¢’ b’ soil

Figure 14.14 Stability a



Determination of the magnitude of ¢ described previously is based on a trial
surface of sliding. Several trials must be made to obtain the most critical sliding sur-
face, along which the developed cohesion is a maximum. Thus, we can express the
maximum cohesion developed along the critical surface as
3 ¢, =yH[f(a,B,0,9")] (14.55)

P e L, : . : ’
/ For critical equilibrium — that is, . = F, = F, = 1—we can substitute H = H_, and
/¢, = c into Eq. (14.55) and write

¢' = yH,|[f(a,B,6,¢")]

or

¢
Sl el " = 3
o fle, B.0. &) = m (14.56)

\ where m = stability number. The values of m for various values of ¢' and 3 are given
\—_in Figure 14.15. ~
Calculations have shown that for ¢ > ~3°, the critical circles aréd all toe circles,)!
Using Taylor’s method of slope stability. Singh (1970) provided graphs of equal fac-
tors of safety, F,, for various slopes. These graphs are given in Figure 14.16. In these
charts, the pore water pressure is assumed to be zero.
The technique used to develop Figure 14.16 1s illustrated in Example 14.7.
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Figure 14.15 Plot of stability number with slope angle (after Taylor, 1937)







Example 14.6

Find the critical height of a slope with 8 = 45° to be constructed with a soil having
¢’ =20°and ¢’ = 15kN/m". The unit weight of the compacted soil will be 17 kN/m’.

Solution
We have

m=—

llr'lH.l.
From Figure 14.15, for B = 45" and ¢’ = 20°, m = 0.062. So
l.'"r

H =—

Vi




Example 14.7

A slope is shown in Figure 14.17a
strength.

¥ =16 kMN/m?
"= 20 kN/m?

sl i

Figure 14.17




Solution

and appear in the following table

I'f we assume that full friction is mobilized. then. referring to Figure 14,15

(for 8 =
30° and ¢¢;; = &’ = 20°%), we obtain
0.025 a
o= 5 = —=
v Ef
or
cy; = (0.025)(16)(12) = 4.8 kKN/m?>
Thus,
= tan¢g" tan 20
d tan ¢ tan 20
and
i =5 20 o
o= — - = 4.17
C 4.8
Since F.. ¥ F,., this is not the factor of safety with respect to strength.
MNow we can make another trial. Iet the developed angle of friction, ¢/, be
equal to 157, For 8 = 30° and the friction angle equal to 15°,
: Cor 2 =
= 0.046 = - (Figurce 14 15)
vy s E
or
ey — 0.046 X 16 < 12 = 8.83 kN/m>
For this trial,
tan &’ tan 20
e = 1.36
tan oo tan 15
and
e 20 E
F. = e 2.26
2oy 8.83
Similar calculations of F,. and F_.

for various assumed values of ¢ can be made

C
iy tan ¢ F., m (kN /S ®) F.
20 (r.364 1 0025 4.5 417
0.2658 1.36 0046 2.83 226
10 0176 20N 0075 14,4 1.39
5 0.0875 4.16 011 5 L .95

Figure 14.17b, from which we get

I

I'he values of F, have been plotted against their corresponding values of F. in

—iF




14.9 Ordinary Method of Slices

. ——— r sin o, -
N
A

Tr=c'+ o' tan ¢’

Figure 14.718 Stability analysis by ordinary method of slices: (a) trial failure surface;
(b) forces acting on rtth slice




(c’& L,ﬁI + H” cm, Ay t.;m b’ )

E 4 '%m a,l
n=1 .




Example 14.3__

For the slope shown in Figure 14.20, find the factor of safety against sliding for th
trial slip surface AC, Use the ordinary method of slices.

|"*— — 1B m— ———b-—l
(e _ﬁ.\‘t{" e T'_

Y= 16 kN/m?3
"= 20 kN/m?

=20

Figure 14.20 Stability analysis of a slope by ordinary method of slices

Solution
The sliding wedge is divided into seven slices. Now the following table can be
prepared:

Slice %14 p W, sin «,, W, cos o,
no. (kN/m) (deg) sin o, cos a, AL, (m) (kN /m) (kN /fm)
(1) (2) (3) (4) (5] (6) (7) (8)

1 22.4 70 (.94 0.342 2924 21.1 7.66
2 294 4 54 0.81 (0.588 6.803 238.5 173.1
3 435.2 38 0.616 0.788 5.076 268.1 342.94
-t 435.2 24 0407 0.914 4.376 EE7A 397.8
5 390.4 12 0.208 0.978 4.09 S1.2 381.8
6 268.8 0 0 | <+ 0 268.8
i 66.58 —8 —0.139 0:990 3.232 —0.95 65.9
ZCol. 6= ool T el 8=
30.501 m 776.75 kN/m 1638 kIN/m

et (=2 Col 6)(c") + (= Col. 8)tan b’
L > Col. 7

- = 1.55 ™

776.75




Bishop’s Simplified Method of Slices

In 1955, Bishop proposed a more refined solution to the ordinary method of slices,
In this method, the effect of forces on the sides of each slice are accounted for 0
some degree. We can study this method by referring to the slope analysis presented
in Figure 14.18. The forces that act on the nth slice shown in Figure 14.18b have been
redrawn in Figure 14.21a. Now, let P, — P = AP and T, — T,.1 = AT Also, we
can write

tan ¢' ) el

. e 14,60}
7, F g

T = ,"\.-Tj_{tan .:b;,} -+ g:f.i‘{‘r! = ] fJ.(

Figure 14.21b shows the force polygon for equilibrium of the nth slice. Sum
ming the forces in the vertical direction gives
N.tan¢' cAL,

W, + AT = N, cos a, + { — + ¥ L;,in @,
|- FT -Ic_\'

W AT
.IL

o

tan ¢' sin a,
cosa, +—— 5

5




(a) (b}

Figure 14.21 Bishop’s simplified method of slices: (a) forces acting on the nth slice;
(b) force polygon for equilibrium
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For equilibrium of the wedge ABC (Figure 14.1 8a), taking the moment about
O gives
n=pmn [ 1[.’1
> W,rsina, = N Ty (14.62)

=] n=1

where

1
T, = —(c' + o' tan @' )AL,

F,
i' ' T r -
- 7 (c'AL, + N, tan ¢ ) (14.63)
Substitution of Egs. (14.61) and (14.63) into Eq. (14.62) gives
H=l|'_l ‘I
> (cth 4 W, tan ¢’ + AT tan d)’}—n—' -
n= Fi ar(#1)
et BT e (14.64)
> W, sin @,
=]
where
tan ¢’ sin o, : =
My = COS t,, + - E e (14.65)
i E
For simplicity, if we let AT — 0, Eq. (14.64) becomes
H=p 1
E(C'b,, + W, tan qb’):” :
Beem e Ty (14.66)
> W, sina,
n=1

Note that the term £, is present on both sides of Eq. (14.66). Hence, we must
adopt a trial-and-error Procedure to find the value of F,. As in the method of ordi-
nary slices, a number of failure surfaces must be investigated so that we can find the
critical surface that provides the minimum factor of safety.

Bishop’s simplified method is probably the most widely used. When INcorpo-
rated into computer programs, it yields satisfactory results in most cases. The ordi-
nary method of slices is presented in this chapter as a learning tool only. It is rarely
used now because it is too conservative,
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