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Design of Rock Slopes

SHAILER S. PHILBRICK, Office of District Engineer, U. S. Corps of Engineers,
Pittsburgh, Pa.

The design of rock slopes is discussed in this paper much as if
an actual cut slope in rock were being designed. First, the en-
gineering requirements of the cut; second, the geologic condi-
tions of the site of the cut are established. These two define
the problem. Then, using six basic principles, 2 generalized
design to meet certain engineering and geologic conditions and
the reasoning for it are presented.

In the design of cut slopes in rock, safety is emphasized be-
cause shear failures in rock are rare. For that reason the em-
phasis is on a cut slope that will yield very few rockfalls and
will be structurally stable. In durable rocks the controlling
factor in the angle of the slope, and hence the design of the cut,
is the shape, geometric attitude, and stability of the rock seg-
ments to be exposed and activated on the cut slopes.

oIN THE DESIGN of rock slopes, the first step is to ascertain the purpose, depth,
width, extent, geographic and topographic location, and orientation or azimuth of the
cut. These are the engineering requirements of the cut.

What is the purpose of the cut? Or in connection with what kind of a project is the
cut to be made? And in what stage of the project will the cut be made? For how long
will it be open? Will it be over a restricted work area as adjacent to 2 bridge abut-
ment? Who or what is going to be beneath or above the cut? Hitisa channel change
in magsive granite in an isolated area where not evena stray fisherman will be at the
foot of the cut, then slope design becomes of little concern as long as the hydraulic re-
guirements of the channel are met, Conversely, if the cut is to supplant.an existing
tunnel on a turnpike or an Interstate route and is to be several hundred feet high and
thousands of feet long, surely its design is 2 matter of great concern in regard to ulti-
mate cost and safety. :

Geographic 1ocation must be known because climate varies with geography. Hence,
precipitation, which means slope saturation and necessity for drainage, can be antici-
pated. Depth and degree of weathering vary with climate. The number of cycles of
freezing and thawing per year are tied to the climate. The topographic location affects
the depth and degree of weathering, the movement of ground water, and the thickness
and character of the overlying soil. The orientation of the cut slope fixes the exposure
of the slope to the sun and therefore affects the number of cycles of freezing and thaw-
ing, and wetting and drying per year. It suggests the length of time that ice would form
on the slope during the winter. Beyond the temperature effects of orientation are the
equally fundamental relationships of centerline to geologic structure. Is the major joint
system striking parallel and of great importance or normal to the centerline and there-
fore unimportant, or is it the common case of diagonal orientation to the centerline?
n most cases it can be assumed that the data on the cut—centerline dimensions, pur-
pose, etc.—are readily available and there is actually concern only with the character-
istics of the rocks of the cut, or the geology of the cut.

Geology

The next basic step is the establishment of the type and characteristics of the bed-
rocks which must be ghaped in the excavation to form a stable, enduring, gafe slope
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