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SUMMARY In 2 previous paper by the author (Cousins, 1978) stability charts were presented for simple earth

slopes ignoring tension cracks.
soils and therefore should be taken into account.
filled with water is investigated.

pore pressureé ratio r

for the safety factor.
dimensionless parameter
much less than this.

1 INTRCDUCTION

Most charts for investigating the stability of simple
homogeneous slopes do not allow for tension cracks.
See, for example, Bishop and Morgenstern (1960),
Spencer (1967), Janbu (1967) and Cousins (1978),

One exception is Hoek and Bray's (1977) charts.

Hoek and Bray locate the temsion crack so that the -
safety factor For the slope is a minimwm for the
slope geometry and groundwater conditions consider-
ed. The charts do not give the depth of temsion
crack used. Also their method for dealing with pore
pressure is different from most other charts. In
this paper pore pressure will be taken into account
by assuming a homogeneous pore pressure ratio, T,

There is much conjecture on what value to take for
the tensile crack depth in cohesive soils {Chowdhury
1978). An expression often used is

z, ﬂ%‘g tan (-Z* + %) (6D

where ¢ and ¢ apply to total stresses. In any case
this type of expression cannot conveniently be used
in a non-dimensional treatment of slope stability.

A better approach is to assume that the tension
crack depth and location are chosen to give the
lowest possible safety factor. In this paper the
tenslon crack depth is made non dimensional by divid-
ing by the height of the slope. The depth of the
tension crack has been limited to half the height of
the slope as suggested by Terzaghi (1943).

Slope fallure often occurs during heavy rainfalls.
This suggests that tension cracke if present may
become partially filled with water which acts as a
trigger to failure. The efeect of water in tension
cracks is allowed for in this paper by assuming that
the teasion crack is filled with water having a unit
weight equal to half that of the bulk unit weight of
the soll. This assumption is necessary to make the
effect non dimensional.

In the past it has been suggested (Terzaghi, 1943)
that the affect of tension cracks can be allowed for
by reducing the cohesive strength. This paper will
eliminate the nead for such assumptions.
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Tension cracks are usually the first sign of impending failure in cohesive
In this paper the effect of tension cracks both dry and
Stability charts are presented foxr toe circles with no water in the

tension crack and for a homogeneous pore pressure ratio r
= 0 with the tepslon crack filled Hith water.
assuming the worst possible location and depth of the tension erack.

= (0, 0.25 and 0.5. A chart is also given for
The charts have been constructed

As such they represent a lower bound

The maximum reduction in safety factor of 40% was found for slope angle o = 50° and
Ac¢= 20 with the tension crack filled with water.

For most cases the reduction was

2 NOTATION

Figure 1 Notation for simple slope

= cohesion strength based on effective
stresses
= mobilized cohesion stress

[
D = depth factor
DTC = tenslion crack depth factor

F = factor of safety

H = helght of slope

L = distance from crest of slope to tension
crack

NF = FyH/e' = YH/c'm = gtability number

= pore pressure ratio

r
a = slope angle in degrees

Y = bulk unit weight of soil

A = YH tan$'/c' = dimensionless parameter

cé
L = internal friction angle based on effective
stresses
¢'m = mobilized friction angla.
3 LIMIT EQUILIBRIUM METHOD USED

The method of analysis used in this investigation 1s
simply an extension of the method used in a previous
paper (Cousins 1978). The pattern search method of
optimization (Adley and Dempster, 1974) is used to
find the minimum value for the stability number, N
for a given slope angle o, pore presaure ratio r
and mobllized friction angle ¢' . Figure 2 giveB
a simplified flow chart of how the stability number
N. 1s determined for a given value of trhe dimension-
less parameter, Ac¢ . However, the pattern search



wmethod did not always work for reasons discussed
later.
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] LOCATION OF TENSION CRACK

Trial alip circles are defined in this investigation
by fixing circle centres and speclifying a depth
factor D or a common poilnt. The location of a
tension crack of a given depth 1is then automatically
fixed. Tt 1s located at the highest point on the
slope where the helght between the ground surface
and the fallure arc is equal to the required tension
crack depth. See Figure 1. It is possible for the
height between the ground surface and the failure
arc to be less than the required tension crack depth
along the whole length of the arc. In this case

the trial circle is not allowed.

The computer program allows the tension crack te
progress down the slope face if this i1s geometric-
ally possible. However, 1t is not possible in a
homogeneous soll with a uniform pore pressure ratio
distribution for the exit point of the critical
circle to progress down the slope face. This applies
whether the tension crack is filled with water or
not. The reason for this 1ls quite simple. Suppose
the tension crack for the critical circle is located
on the slope face. The helght of the slope could
then be increased indefinitely without altering the
critical circle since the forces acting on the
critical circle mass would be unchanged. Clearly
the supposition Ls unrealistiec. This is verified

in all cases by the computer results.

5 OPTIMIZATEON PROBLEMS

A typilcal contour map for N, is glven in Flgure 3.

Tt shows the critical circle with its tension crack
on the creat of the slope. 1Tt aleo illustrates one
of the problems of the investigation, The location
of the centre of the critical circle is close to

the non permissible boundary. 1In fact for higher
values of slope angle o and X _, the centre of the
critical circle lies on the noﬁ¢permissible boundary.

& VARFATION OF STABILITY NUMBER WITH TENSION
CRACK DEPTH

Plots of normalized stability number N_ agalnst
tensilon crack depth factor for toe circles are
given in Figures 4 and S5 for slope angles of 20°
and 45% and a range of Ac¢ values.

For the case of no water in the tension crack all
the curves show an initial decrease in the stability
number N_ followed by an increase. Clearly the

$ =0 vague glves the greatest reduction in stabili-
ty number for both slope angles, the extent of the
reduction increasing as the slope arple increases.
The maximem reduction of 14% occurs when the slope
angle o = 60° and ¢ = 0. It rmust be remembered

that these results apply to toe circles. A reduct-
ion of 10% occurs for the depth factor D = 1 case
for a = 20°, For a = 45° the toe circles have a
depth factor D almost equal to 1. The graphs clear-
ly indicate that a particular tension crack depth
such as that given by equation (1) will give a stab-
11ity number higher or lower than the no tension
crack case depending on the relative values of the
parameters involved.
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case the upper limit for D’EC of 0.5 1s reached at The location of the critical tension crack is given

low values of slope angle, a. A comparfson with in Figures 10 and 11 for the no water in the tension
Figure 6 indicates that the importance of water in crack case and the water in the tension crack case
the tension crack increases with slope angle, «o. respectively. TIn Figure 10 the exit polnt of the

critical circle for the no temsion crack case is
also given to aid comparison. Allowing for tension

& y cracks causes the exit point on the crest of the

bt T i 1 slope to move closer to the slope face as expected.

(2050 TOE CIRCLES For higher values of slope angle the critical tens-—
N, min® for varying Oy, ion crack is located approximately half way between
No waler in lengion crack the crest point and the exit point for the no teng-

ion crack case. Figure Il indicates that the criti-
cal tension crack moves even closer to the crest if
the tension crack is filled with water. For slope
angles o > 25 and X > 3 the critical tension
crack is actually 1ocaE3d at the crest.
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T - e c' = B0 k Pa; ¢' =1L.373 r =0,
= A \ UK . Thue ¢'/yH = 0.20 and 2 =yxH tang'/e’ = 1.00.
2.0 B \ L /’Q’ \ 7\ / No water in tension cracﬁ%ase:
= \\\\D’(\ Rk x Figure 6 gives N? = 8,7, thus F = 8,7 x ¢'/YH = 1.74,
ol R WA Wi 1 - Also D = 1.09» P, = 0.29.
2 TN LERNEN \‘C\ ] = ";5 Water in tension ¢érack case:
£ A 24 S AN Figure 9 glves N_ = 7.9, thus F = 1.58,
7402l DNASES X > In this case D = 1.1, D, = 0.50.
z AN e TN v AN 30 No tension crack case:
ok 03 oY '\ Ak S < > \\ The author's previous charts {Cousins, 1978) gives
o BN . 20 NF = 9,15, thugs F = 1,83 and D = 1.09.
[ e o~ T For this example allowing for the worst possible
KIINTY ol TN T S~ 10 condition gives a reduction of 14% in the safety
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] ] W
OPE w {DEGREES!
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Figure 9 Stability number N, for water in tension
crack, ¥, = ¢ 2 The stability number NF for a particular tension
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crack depth may be higher or lower than for the no
tension crack case. However, the minimum stability
number is always reduced if the tension crack depth
is allowed to vary.
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Figure 11 Values of L/H for water in tension crack

3 The location of the critical temsion crack is
quite close to the crest of the slope for the no
water in the tension crack case and even closer if
the tension crack is filled with water. TFor slope
angles @ >257 and Ac¢ >3 the eritical tension
crack 1s located at the crest 1f the crack is
filled with water.

4 The restrictions placed on Janbu's (1967) method
for allowing for the pore pressure ratio given in a
previous paper (Cousins 1978) are stil) applicable
when tension cracks are allowed for.
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