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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
to 37 is more realistic than stating that
GSI = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a resuit
of changes in moisture content will be
reduced is water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

SURFACE CONDITIONS

STRUCTURE

%‘ Very rough, fresh unweathered surfaces

7 VERY GOOD

gh, slightly weathered, iron stained surfaces
Smooth, moderately weathered and altered surfaces

GOOD

® Rou
FAIR

SURFACE

Slickensided, highly weathered surfaces with compact

coatings or fillings ar angular fragments

N

o

£

5%

') o

o %]

14 b E’
S35 (6%
a S5 8
QUALITY =—>

Slickensided, highly weathered surfaces with soft clay

/ INTACT OR MASSIVE - intact
rock specimens or massive in
/ situ rock with few widely spaced

discontinuities

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

N/A

N/A

7

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

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

LAMINATED/SHEARED - Lack
of blockiness due to close spacing
of weak schistosity or shear planes

<—— DECREASING INTERLOCKING OF ROCK PIECES

N/A

N/A /

10
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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.

VO



GSI 9 UCS ).a..:.a..o 6“%505)9 Ls‘ﬁ @Risk Ja...:y W) Oy Lgl.cbc:)y )L)g.o.S ¥ S g

003198 oS Siww 4y bgy o slogs o8

USC slightly weathe...
RiskNormal(82.0678,5.01...
72.25 91.89

. Input

Minimum  76.5642
Maximum 89.0340
Mean 82.0678
Std Dev 5.0101
Values 5

m=== Normal

Minimum -0
Maximum +0o
Mean 82.0678
Std Dev 5.0101

GSI slightly weather...
RiskNormal(35.4000,1.67...
32.12 38.68
0.... 00 0....
o 2. 9 2....

0.6

0.5

. Input

0.4 Minimum  33.0000
Maximum 37.0000
Mean 35.4000
Std Dev 1.6733

Values 5
0.3
== Normal
Minimum —o0
0.2 Maximum +00

Mean 35.4000
Std Dev 1.6733

0.1 AN
4 \,
‘.““‘ "".'.,
0.0 = sl
— o (2] < n o ~ o] (o)} o
(a2} (a2} ™M ™M ™ ™ (3] (2] (5] <

\OY



thwgle (Fo5lse b S 4 gy slogs ;95

UCS moderately weather...
RiskNormal(47.134,10.8...

0.... 00 0....

2. 9 2.
0.08 -

0.07

0.06 W o

Minimum  37.1405
0.05 Maximum 65.3408
Mean 47.1339
Std Dev  10.8744

Values 5
0.04

\ = Normal
0.03

. Minimum -0
Maximum +00

Mean 47.1340

0.02 Std Dev  10.8740

0.01
|

te.

e (“*ve,,

000 Lawe ",,'_"“
o o o o o o o
o~ (2] < wn o ~ @

GSI moderately weathe...
RiskNormal(35.4000,2.19...
31.11 39.69
0.... 00 0....
F 2. 9 2.
0.8
0.7

0.6 . Input

Minimum  33.0000
0.5 Maximum 37.0000
Mean 35.4000
Std Dev 2.1909

Values 5
0.4
= Normal
0.3 Minimum -0
Maximum +00
Mean 35.4000
0.2 Std Dev  2.1909

o \
“\“ / =4 ("o,
0.0 = o,
o o~ <+ © © = N
@ ] i) 15 A ¥ <

\OY



1003190 Ty K Ly o slags ;e

UCS highly weather...
RiskNormal(27.3025,9.23...

9.21 45.40
0. [ o]
2. 2... %
0.09 -
0.08
0.07
. Input
0.06 Minimum  20.0455
Maximum 42.6369
Mean 27.3025
0.05 Std Dev  9.2327
Values 5
0.04 = Normal
Minimum -0
0.03 Maximum +00
Mean 27.3025
Std Dev 9.2327
0.02
0.01
.‘ N,
“""‘ ""n'
0.00
n =) 0 o
< < n
GSI highly weathe...
RiskNormal(33,2.73...
27.63 38.37

0.7 1

0.6

. Input

Minimum  30.0000
Maximum 35.0000
Mean 33.0000

0.5

0.4 StdDev  2.7386
Values 5

0.3 we Normal
Minimum -0
Maximum +00

0.2 Mean 33.0000

Std Dev  2.7386

0.1

| ot b

S [ o~rrss,
0.0 b= >
© © o I < © © =)
~ ~ ) ] ) I e} ¥

VoY



Abstract

All direct and indirect factors should be considered for designing rock or soil slopes
either in mines or dames or road trenches. Weathering and alteration as destructive agents
strongly influenced rock geomechanical parameters and reduce the stability and strength of
rock considerably. Schist of Gol-ohar iron mine were strongly affected by alteration and
weathering. Up to now, these parameters have been studied for stability analysis from a
qualitative point of view and geology. However, studying the effect of these factors on
geomechanical parameters is impossible except through numerical and quantitative
methods. In the current thesis, enormous quantitative data were collected for investigating
the effect of weathering and alteration on geomechanical parameters of rocks in mine#1 of
Gol-Gohar. Various degrees of weathering and alteration of rocks were indicated by desert
indices and their physical and mechanical characteristics were studied in laboratory. The
amount of weathering and alteration degree of attenuation factor was indicated for each
parameter through the slope stability probability classification (SSPC). The results show
that most of geomechanical parameters of rocks are dramatically reduced by increment of
weathering and alteration degree. Uniaxial compressive strength, tensile strength and static
modulus of elasticity are affected by weathering more than other characteristics. The results
of experiments uncover that the schist’s vulnerability of Gol-Gohar iron ore mine from
weathering reaches to its maximal value after grade III. In addition, controlling the inclined
surfaces is an issue of geotechnical issues, which has high percentage of uncertainty. The
effect of uncertainty on prediction of slopes stability is usually important. In deterministic
methods, stability analysis is mostly done based on Safety factor; however, these methods
are unable to clarify the effect of uncertainties. Probabilistic stability analysis of inclined
surfaces is a suitable tool for considering the effect of uncertainties in design processes. In
the current research various uncertainties in studying the geotechnical parameters and
fundamentals of common probabilistic methods such as Mont Carlo simulation as a
probabilistic method for reduction of uncertainties of geotechnical parameters that recently
widely used, were introduced. In addition, through Slide Software program and selecting
the Bishop limit balance as performance function, Monte Carlo probabilistic analysis was

implemented on walls of Iron mine #1 of Gol-Gohar and effect of weathering and alteration



on amount of Safety factor was studied. After quantifying the effects of weathering and
alteration it was clarified that the Safety factor of degree IV reduces up to 0.74 of its

primary value.

Keywords: Iron mine of Gol-Gohar, Weathering and Alteration, SSPC, Geomechanical

Characteristics, Uncertainty, Safety Factor, Probabilistic Analysis, Monte Carlo.
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