











strength parameters. Drained triaxial compression
tests were used for this purpose.

Field density tests showed that the void ratio
(volume of voids to volume of solids) of the undis-
turbed paint rock might vary between 0.4 and 0.7.
The laboratory samples were compacted to different
void ratios within this range to determine the effect
of density on strength.

The results of one series of triaxial tests run on
saturated samples with a void ratio of 0.56 showed
the material to have an effective angle of internal
friction of 36° and an effective cohesion of 6 psi.
Another series of tests run on saturated samples with
a void ratio of 0.49 produced an effective angle of
internal friction of 38° and an effective cohesion of
13 psi. In both series the rate of strain was 0.288%
per min. The Mohr failure envelopes for these two
series of tests are shown in Figs. 3 and 4.

For the case of rotational shear failure,
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where i is slope angle measured from the horizontal
at the point of incipient failure, f is the symbol for a
functional relationship, c is cohesion of wall rock,

Y is bulk density of the wall rock, H is height of
slope, d is depth from the crest of the slope to the
ground water level and ¢ equals the angle of internal
friction of the wall rock.

This expression indicates that the slope angle, i,
varies with the parameter c¢/YH. It is known that the
slope angle increases with c/YH. For example, if the
height of slope, H, is increased, c/YH decreases and
the maximum stable slope angle, i, also decreases.

Similarly, the slope angle varies or increases with
d/H and ¢. Thus, if the ground water level rises,
d/H decreases and consequently the slope angle, 1,
decreases. The quantitative functional relationships
for most cases cannot yet be expressed analytically;
however, stability charts can be used for the approxi-
mate solution for an unknown parameter.?

In Table I the cases of slope failure in the paint
rock are listed. The height recorded is that of the
actual slide zone before failure. Similarly, the slope
angle is the average angle to the horizontal of the
actual slide. The width recorded is the average width
which might have influenced the amount of shear
resistance the ends of the slide would have had on
the critical shear stress. The majority, if not all, of
the failures probably occurred by rotational shear.

The cohesion listed in the table has been deter-
mined by using an effective angle of internal friction
of 37°and by assuming the ground water level behind
the slope to be at an elevation equal to half the
height of the slope. Circular arcs of failure with
tension cracks equal to 50% of the height of the
slope are assumed in these analyses.
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Fig. 3—Mohr diagram for paint rock with a void ratio of
0.56.
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Fig. 4 — Mohr diagram for paint rock with a void ratio of
0.49.

Table 1. Paint Rock Slides

Slope
Angle, Cohesion,
Degrees Psf

Height, Width,
Date Ft Ft

3/11/60 215 290 51 1490
1/60 163 240 51 1150

- 51 300 60 685
11/24/60 173 120 50 935
12/6/60 138 125 56 1250
1/11/60 119 100 54 950
3/4/61 86 150 49 660
7/52 115 50 57 825
11/48 95 100 66 1195
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The calculation of the cohesion is sensitive to the
assumption made about the seepage at the time of
failure. Although the assumption made was consid-
ered reasonable, the actual ground water level could
have been quite different, thus producing a different
calculated cohesion. For example, if at the time of
slide No. 7 the ground water level had been close to
the surface of the slope, the calculated cohesion
would have been 995 psf. The low slope angle in this
case and the failure occurring in March make this
condition a distinct possibility. The cohesion in this
case would be very close to the average obtained for
the other cases.

It was considered that the ends of the failure seg-
ments might have a differential effect on the computed
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Recognizing that some slides should be expected
for maximum economy, inspection and operating pro-
cedures must be adopted that will avoid endangering
lives; these may consist of having scheduled obser-
vations of critical wall crests, of excavating all the
initial loose rock, of scaling all the newly developed
loose rock, and of giving some consideration to
minimizing the loose rock that develops through
modified blasting procedures.
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