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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33

5 >

® &=

8 €| 8 2

(] 0 £ £

5 B 3 s

w 2 177] » 2]

to 37 is more realistic than stating that 3 E ® §‘§:" §

GSI| = 35. Note that the table does not £ s o t £ =

apply to structurally controlled failures. @ » © n D o

Where weak planar structural planes are 32 S E BE k>

present in an unfavourable orientation @ - 2 23 2

with respect to the excavation face, these % g ® T D ®

will dominate the rock mass behaviour. g g 2 g o g

The shear strength of surfaces in rocks £ g€ = > >3 >
that are prone to deterioration as aresult QO s 2 % 55 5%
of changes in moisture content will be 5 ] > @ ££ £.E
reduced is water is present. When O | §<% £ 3 TE|ETE
working with rocks in the fair to very poor W | 3§, = E Solopo
categories, a shift to the right may be <& | © 3 ac £ -~ 25 i 52
made for wet conditions. Water pressure g % E,. 8 = x 8 8 %’ S|z X =
is dealt with by effective stress analysis. a u>J S 1] £ e 0% 55 g £:5 8
STRUCTURE DECREASING SURFACE QUALITY =—>

N/A N/A

| INTACT OR MASSIVE - ntact / / /
90
/

rock specimens or massive in
y /
80

discontinuities

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

/ situ rock with few widely spaced
i 4 /
/ 70

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

SONNNRN

BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

N\
N
AS

<—= DECREASING INTERLOCKING OF ROCK PIECES
\ A

N

LAMINATED/SHEARED - Lack 10
of blockiness due to close spacing N/A N/A / /

of weak schistosity or shear planes
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Probability Density Function
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Probability Density Function
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Cumulative (Factor of Safety - bishop simplified)
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Cumulative (Factor of Safety - bishop simplified)
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FS (deterministic) = 0.944
FS (mean) = 1.077
PF = 54_355%

Rl {(normal) = 0.209
Rl (lognormal)} = 0057
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Cumulative (Factor of Safety - bishop simplified)
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Appearance of rock mass Description of rock mass Suggested value of D

Small-scale blasting in civil engineering D = 0.7 Good blasting
slopes results in modest rock mass dam- D = 1.0 Poor blasting
age, particularly if controlled blasting is

used as shown on the left hand side of the

photograph. However, stress relief results

in some disturbance.

Very large open pit mine slopes suffer D = 1.0 Production
significant disturbance due to heavy pro- blasting

duction blasting, and also due to stress

relief from overburden removal.

In some softer rocks, excavation can be D = 0.7 Mechanical
carried out by ripping and dozing, and the excavation
degree of damage to the slopes is less.
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Abstract

The slope stability issue for each mine, both in term of stability and economical constituted
important part of the design. Today appearance of enormous size and power machinery in
open pit mine was contained high capacity that caused more than resource changed to
mineral available for extraction and decrease cut off grade of mineral to a minimum. Due to
increased economic growth rate and demand for mineral, many mines that were at or near
earth's surface extracted and now the reservation are relatively deep being designed. While
there was not possibility of extraction those a few years ago, hence the slope stability both
in the design, either in mining or failure to predict is very important. In part of designing
from economical, high slope caused decreased stripping ratio, reducing payback period and
to increase mineral extracted. The extraction process also provides the possibility of slope
stability of multiple explosion and full crushing rock to be desired. In terms of safety in the
design phase, in the extraction, mining slope stability, causing better control of surface
water and groundwater, designing and creating safety walls in the wall of the mine. The
stable slope rate of risk or in other word, risk of loss of minerals, equipment and injury to
personnel is minimized, and therefore more economically and safety aspect, will be more
secure. The other side, engineering slope's surface is part of the Geotechnical issues that so
much uncertainty is ruled. Most of the effects of uncertainty on the predicted stability of
slopes are remarkable. In the final methods (Limit equilibration...) stability analysis was
just based on safety factor and this method are not able to determine the effect of
uncertainties. Probabilistic analysis of the stability of slopes, the perfect tool to take
utilization of uncertainties in their design processes. In this study, we tried to introduce a
variety of uncertainties in the estimation of the Geotechnical parameters, the principles of
probability conventional methods such as Monte Carlo simulation approach that as one of
Probabilistic methods to reduce the uncertainties of Geotechnical parameters were
introduced recently are widely used. Also, using Slide Software and chose limit equilibrium
Bishop as a function, Monte Carlo probabilistic analysis on the walls of the mines studied
(Farshamy front of first and second, Gharsaleh front) Zarmehr gold mine and values

reliability and failure probability factor was calculated for each mine. Then intensity

occurred of the consequences due to the geometry of the pit and some statistical data



collected in the pit, was determined by multiplying the probability of occurrence and
intensity occurred of the consequences, a humber of risks calculated. In Farshamy mine
front of first and second, with acceptable risk and the need to act not control, but Gharsaleh
mine has been not acceptable risk that must reduced risk due to increase safety. With
control action, such as water drainage in the floor pit, sew up part of the layers and the
redesign of the walls, the re-analysis on the wall of the Gharsaleh that caused a safety factor
of approximately 1.5 and the probability of failure from 50% to 20% and the risk is
considerably reduced and the level of acceptable risk to be exposed.

Keywords: Zarmehr gold mine, Farshamy mine, Gharsaleh mine, Monte Carlo, Slide

Software the probability of failure, the intensity of incidence, risk.
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