FINITE SLOPES

A finite slope is one with a base and a top
surface, the height being limited.
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Failure surfaces may consist of a
single/multiple plane/curved surfaces
depending on the type and thickness of soil
layers.

13.5 ANALYSIS OF FINITE SLOPES WITH PLANE FAILURE SURFACES {CULMANN'S METHOD)
Culmann’s analysis: based on assumption that failure occurs along a plane
1 sin (8 — o)]
W= C) (1 = - == 2| 2
YH)(BC)(1)(y) = 4H(H cot 6 — H cot B)y 3vH [ P YT (13.29)
The normal and tangential components of W with respect to the plane AC are

1 sin (8 — 6)
N, = normal component = Wcos § = - yH? l%J cos @ (13.30)
2 sin B sin 6 N,, T, : acting no plane AC
T, = tangential component = Wsin 6 = %yH 3 [sm_(g_-_@_ sing  (13.31)

sin Bsin 8 5 .

The average normal stress and the average shear stress on the
plane AC are, respectively, )

= N' - N' = l sin (B = 6) 1 2B 3;:;;:“0?:&&
- (R)(n‘( iy ‘2””[smasina]°°”s"”’ 0 " N "
sin @, ’

Y FIGURE 138  Finite slope analvsis —
- Culmann's method
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The average resistive shearing stress developed along the H - height of the slope

plane AC may also be expressed as B - angle of the slope with horizontal
W - weight of wedge ABC

] sin’ @ (13.33)

- 1 sin (8 — 6) =
=0+ = - —_— »
R AN WA 2 ¥ [ sin Bsin 8 cos 9sin ftan ¢, (13.34) AC - arbitrary failure plane

0 — angle of the failure plane

Taking T = T, and substituting o from eqn. 13.32 and rearranging 5 )
with horizontal

_1__.[sin (8 - 6)(sin 6 - cos 8tan ¢,) (13.36)
= ZYH[ sin 8
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The expression in Eq. (13.36) is derived for the trial failure plane AC.

¥ FIGURE 138 Finite slope analvsis —

B\ Culmann’s method
To determine the plane for which developed cohesion will be maximum A
i de,
(for a given dy) %i_p (1337
a0 ¥ TABLETAT subiy Mumbees Based on Clmanes
Because v, H, and 8 are constants in Eq. (13.36), we have e Fe i
2 lsin (8~ 6)(sin 8- cos 01an ¢)) = 0 (13.39) ,
+ ’
Solution of Eq. (13.38) gives the critical value of 6, or @, = Bt (1339 :: § 152% g %%z
Substitution of the value of & = 6, into Eq. (13.36) yields - 9= 3 000
10 955
=YH([1-cos (B¢ (13.40) g @ 5 oie
A= sin B cos ¢, ’ 5 s 5. 1%
25 0 18.04
The preceding equation can also be written as 2 = 1::3 g%
Lo, 1=COSB~ &) (13.41) where m = stability number. % s Lo
vH 4sin B cos ¢ ® lg 52:7: % Ba
% 80 0 477
On the basis of Eq. (13.41), the values of 1/ for various values of 8 and &, % .
are given in Table 13.1 = o BB
1. 40 0 1099 20 740
The maximum height ‘of the slope for which critical equilibium occurs can u 5
be obtained by substituting ¢, = ¢ and ¢, = ¢ into Eq. (13.40). Thus, PR ) 0w
25 6839 e
4c| sinBcos¢ o -4 » £
H, == I:..._,_] 13.42) 50 0 858 2 e
Ty T-cosB-9 ¢ 8w 2 &
¥ EXAMPLE 133 .

A cut is to be made in a soil that has y = 105 Ib/ft, ¢ = 600 Ib/ft?, and ¢ = 15°.
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?

Solution 'We are given that ¢ = 15° and ¢ = 600 Ib/ft2. If F, = 3, then, from Eq.
(13.7), F. and F, should both be equal to 3. From Ea. (13.5).

¢ a0
F=z or =g =g == 2001/
Similarly, from Eq, (13.6),
= tan & ==X = tin_j!? e fan d-' i 15
¥ tan ¢y e s K 3
or  ¢=tan! [-w;—ls] =5.1°
Substituting the preceding values of ¢; and ¢, into Eq. (13.40) gives
4c;[ sinBcos¢y | _4x200 [ sin 45 cos 5.1 ]
H='-,T i-cos(B-¢g| 105 |1—cos@5-51)
=23 ft
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136 SLOPES WITH WATER IN THE TENSILE CRACK

In many cases, tensile cracks develop at the top of a slope. The cracks are filled

with water, as shown in Figure 13.9.

Let z. = depth of crack
z, = depth of water in the crack

We can consider a linear distribution of water pressure along trial failure

surface AB (zero at A and z.y,, at B)

So, the forces per unit lengthacting on the trial wedge ABCD are as follows:

1. W—total weight of the wedge
2. U, — force due to water in the crack
3. U,—force due to pore water pressure along AB

However,
Uy = byt
U, = dye2 X

where X = AB = (H — z) cosec 6. So,
Uz = dy.z(H ~ 2,) cosec 6

L]

Fy

F, (min) ,v

D

¥ FIGURE 139 Slope with water in tensile crack

The sum of the components (F) of these forces parallel to AB will tend to
slide the wedge, or

F=Wsin 0 + U, cos §

The maximum resisting force that can be developed along AB is
R=cX+ (Wcos6~-Usiné- U tan ¢
The factor of safety with respect to strength can then be given as

R _cX+ (Wcos@— Uysin6- Up tan ¢ (13.43)

F== -
F Wsin8+ Uy cos @

The magnitude of F, for various trial wedges can be calculated by va:ying' the
value of 6. The minimum value of F, is the factor of safety of the slope with respect
to strength. ’

U
U, Cos6

A

¥ FIGURE 13.3 Slope with water in tensile crack
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