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GEOLOGICAL STRENGTH INDEX (GSI)
FOR JOINTED ROCKMASSES

("E. Hoek and P. Marinos, 20007)

From the lithology, structure and surface conditions
of the discontinuities, estimate the average value of
GSL. 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 figure does not apply to structurally
controlied failures. Where weak planar structural
planes are present in an unfavourably orientation
with respect to the excavation face, these will
dominate the rock mass behaviour. The shear
strength of surfaces in rock masses that are prone to
deterioration as a result of changes in moisture
content will be reduced if water is present. When
working with rock masses 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.
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Symbol  feature
Pole Vectors

Critical Intersection

Color Density Concentrations
000 0%
0% %
180 20
2 160
160 450
450 540
540 63
630 2
720 810
810 2

S

Symbol  Feature
Pole Vectors
Crtical Intersection

Color Density Concentrations
0.00 16
160 320
320 480
460 640
640 800
8.00 0.60
9.60 11.20

1120 1280
1260 1440
1440 1600
Contour Data | Pole Vectors
Maximum Density | 15.14%
Contour Distribution | Fisher
Counting Cirdle Size | 1.0%

Kinematic Analysis | Wedge Slidng
oemat rate [ el B
Stope Dip Direction | 150

Friction Angle [ 35°

| Critical
Wedge Siding | 688

Total
1849

W
37.21%

Plot Mode | Pole Vectors
Vector Count | 62 (62 Entries)
Intersection Mode | Grid Data Hanes
2 1649
Hemisphere | Lower
Projection | Fausl Angle
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Color Density Concentrations

3.00 160
1.60 120
320 4

480 0
640 8

8.00

2.6

Contour Data
Maximumm Dessity

Contour Distribution | Fish

Counting Circle Size | 1.0%

Kinematic Analysis | s

Stoge Dip | 70

Slope Dip Direction | 130
Friction Angle | 15°
Vlilwil Limits. T 20

Toppling

Critical | Total | %

Flexural Toppling (A¥) 62 | 37.10%

Plot Mode

Vector Count
Hemisphere | Lowes
Projection | Fqusl Angle
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Slope Stability Summary

Open-Pit Mine The stability of slopes in open-pit mines is a critical challenge in mining
Kinematic Analysis engineering, directly influencing safety, productivity, and economic viability.

Limit Equilibrium Method
Rock Mass Classification
Agh-Darreh Gold Mine
Structural Failures

This study presents a comprehensive slope stability assessment of the Agh-
Darreh open-pit gold mine, located in Takab, northwestern Iran, using an
integrated approach combining empirical, kinematic, and limit equilibrium
methods.

Introduction

Open-pit mining operations increasingly require steep and stable slopes to
minimize waste-to-ore ratios while ensuring operational safety. The
mechanical behavior of rock masses in such environments is primarily controlled by discontinuities (joints, fractures,
and faults), rather than the intact rock material itself. The Agh-Darreh gold deposit, a Carlin-type gold occurrence, is
hosted mainly by massive and reef limestone units with interbedded sandstone, conglomerate, and marl layers. Despite

extensive geological and mineralization studies in the region, no comprehensive slope stability analysis has been
conducted using modern integrated approaches.

Methodology and Approaches

The study was conducted on three main pits (Nos. 1, 2, and 6) and five key wall lines (Lines 1 to 5). A total of 259
discontinuities were surveyed across 17 stations according to ISRM standards, and 50 core samples were subjected to
standard rock mechanics tests, including uniaxial and triaxial compressive strength, direct shear, wave velocity, and
physical properties determination. Stability was assessed using three complementary approaches: (1) empirical
classifications including RMR, MRMR, SMR, and GSI; (2) kinematic analysis using Dips software (Version 7) to
evaluate planar, wedge, and toppling failure modes for bench slopes of 40°, 50°, 60°, and 70°; and (3) limit equilibrium
analysis using Slide software (Version 8) in both static and pseudo-static conditions (with a horizontal seismic coefficient
of 0.16g). Rock mass strength parameters were estimated using the Hoek-Brown failure criterion via RocLab software,
with a disturbance factor of D =0.7.

Results and Conclusions

The current geometric design of the Agh-Darreh mine pit walls is safe under both static and seismic conditions (0.16g
acceleration). The integrated approach demonstrated high reliability and consistency in the results. However, continuous
monitoring using advanced methods such as InSAR and TLS [9] is strongly recommended, particularly for Lines 2 and
4 which exhibited the highest failure potential. Numerical modeling (DEM/DFN) and regular updates of stability
analyses using machine learning approaches are also suggested for optimizing slope angles and reducing waste-to-ore
ratios in future mining phases.
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