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THE STABILITY OF SLOPES IN OPEN PITS

D. F. CoATEes?

INTRODUCTION

Many open pits in Canada are currently being
planned with depths of the order of 1000 ft. The
competition between safe slopes and maximum profits
is thus providing greater incentives than before for
improving the design of these types of mines.

If it is accepted that the objective of any work in
rock mechanics is to provide guidance for the judg-
ment that must be exercised in making decisions on
planning and operations, then it can be claimed that
within reason studies on pit slopes stability are valu-
able. If, however, from rock mechanics investigations
definitive slope angles are desired for each pit wall,
then the warning must be given that not only can
this not be done for hard rocks at the present time
but that it will be a difficult goal to obtain within
the foreseeable future.

This being the situation, what explicit benefits come
from slope stability studies or how can the design of
pit walls be improved? Before answering this ques-
tion a few terms will be explained so that the ter-
minology related to this field can be used.

TYPES OF SLOPE FAILURES

The four general types of failure, as shown in
Fig. 1, are distinguished by the mechanics of the
breakdown of the ground.

Rock falls

Rock falls occur when loose rock develops with
the slope angle being greater than the angle of re-
pose of this loose material. The blocks of rock fall
or roll to the bottom of the slope. The cause of this
type of slope failure can be considered to be the
result of a breakdown in the tensile strength of the
rock mass.

Rotational shear

Rotational shear failure occurs when a segment of
the slope fails by rotation on a more or less circular
arc. This type of failure only occurs in rocks that
will yield, similarly to structural steel, before ruptur-
ing. This yielding is necessary so that high local
stresses are prevented from developing. Rupture then
occurs when the average shear stress over a critical
surface, which happens to be very nearly circular, ex-
ceeds the average shear strength.
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Plane shear

Plane shear describes the slope failure when sliding
occurs along an extensive geological plane of weak-
ness. Failure results from the critical location of
such planes with respect to the geometry of the wall.
Figs. 2 and 3 show two situations where the geology
would favour this type of failure.
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Fi6. 1—Classification of types of stope failure.

Block flow

This type of failure is imagined to occur in a
uniform, hard rock mass that does not contain ex-
tensive planes of weakness oriented in a critical
direction. The method of failure is visualized as
being a general breakdown of the rock mass as a
consequence of the crushing, at the points of highest
stress, in the brittle blocks comprising the mass. As
individual blocks are crushed, increased loads are
thrown on to the adjacent blocks whose strength in
turn is exceeded. It is thought that this type of pro-
gressive action, or working of the ground, continues
until a general breakdown of the slope occurs.

SLOPE STABILITY INVESTIGATIONS IN
HARD ROCKS

To return to the question raised in the introduction
of what can be done to be of help in this field, a
review can be made of the work that is being done



















. 12—The deterioration of the crest of the slope of
Fig. 8, July 1962.

F16. 13—The continuing cracking in the same crest,
September 1962.

the toe at El. 175 with the ramp at El. 204. The
movement of the wall was measured on several hubs
placed on the surface of the ground. From this
information it was deduced that the radius of move-
ment was about 316 ft as shown in Fig. 9. The
slide encroached on the ramp at EL 204, but the
waste material only had to be dug out twice to
permit mining to proceed.

The maximum hub movement, which was meas-
ured close to the crest, during the period from Aug-
ust to October was 16 ft horizontally outwards and
15 it down; the movement of the hub closest to the
toe of the slide moved 12 ft horizontally and 3 ft
down.

Fig. 10 shows the appearance of some of the
cracks in the crest during July 1961. Fig. 11 shows
the appearance of a small slide in the same wall
just beside the main slide zone that occurred during
July 1961. The movement of this small slide during
its active period was at the rate of about 5 ft per
month.

Fig. 12 shows the deterioration of the ground at
the crest of the slope during July 1962. Fig. 13 shows
the continuing cracking at the crest during Septem-
ber 1962.

Until October 1962 the slide material at the toe
of the wall continued to be excavated until the pit
was completed down to El. 100. The filling of the
pit with waste from the adjacent pits then started
immediately.

The history of this slide illustrates the point men-
tioned above: to eliminate all slides would often
require unacceptably conservative slope angles and
with care it is sometimes possible to live with a slide.
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