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ABSTRACT: How to select scientific and reasonable mechanical parameters of rock mass is par-
ticularly important to evaluation of slope stability. Based on the collection of engineering geologi-
cal data about amine, and through detailed survey and analysis of the engineering geological condi-
tions in the field, the Hoek-Brown strength criterion was used to estimate the rock mass strength
parameters of this mine. Finally, a numerical simulation model for the open-pit mine slope was es-
tablished; the finite difference method was employed for numerical calculation of the slope stabil-
ity; the rule of changes in displacement field, plastic zone and shear strain was analyzed; the stabil-
ity of open-pit mine slope was analyzed and evaluated. These provide a basis for design and safe
production of the mine.

INTRODUCTION

The rapid increase of world population has resulted in the increasing demand for mineral resources;
therefore, slope stability associated with open-pit mining has become a serious issue threatening the
entire mining area (Hakan et al., 2013). The issue of slope stability in open-pit mining substantially
concerns the selection of mechanical parameters of slope rock mass, but the inhomogeneity and
nonlinearity characteristics of rock mass lead to the uncertainty and randomness in selection of me-
chanical parameters of rock mass (Whitman et al., 2000; Babu et al.,2004; Moradi et a., 2014). The
accuracy of slope analysis results largely depends on the selection of mechanical parameters of rock
mass. Just as the concept of “Garbage in, garbage out” put forward by Professor J. A. Hudson
(1993), how to select scientific and reasonable mechanical parameters of rock mass is of great sig-
nificance for guaranteeing the design and safe operation of slope engineering (Masoud et al., 2013,
Wang et a., 2015, M. Francioni et al., 2015).

Huangshan limestone mine slope in China was taken as the research object. Through survey and
analysis of the development level of rock mass structural plane and the characteristics of engineer-
ing geological rock group, the Hoek-Brown rock mass strength criterion was used to estimate the
mechanical parameters of rock mass in this mine. Finally, the finite difference software FLAC3D
was used to analyze and evaluate the slope stability of I1-11 principal section of this mining area,
thus to provide technical support for its safe mining.

PROJECT OVERVIEW

Huangshan limestone mine areais located in the low to middle-low mountainous area at the margin
of Sichuan Basin in China. Fig. 1 showslocal area of the mine site. In this mine area, Permian lime-
stone and sandstone are mainly exposed, and multi-weak interlayers exist in its strata, which mainly
consist of carbon-containing argillaceous limestone and clay-containing sandy limestone; a single
weak interlayer is 0.10~8.34m thick as shownin fig. 2.

© 2016. The authors - Published by Atlantis Press 399



Fig. 1 Loca areaf
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Fig. 2 Weak interlayers

APPLICATION OF THE HOEK-BROWN CRITERION

Hoek and Brown, after a systematic research on the parabolic failure envelopes of plenty of rocks,
came up with the Hoek-Brown empirical failure criterion - Hoek-Brown strength criterion (Hoek
E et al., 2002; Thomas Bet al., 2008):
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Where: s, and s, arerespectively the maximum and minimum principal effective stresses under
the circumstance of rock mass failure; s ; is the uniaxial compressive strength of rock; m,, s
and a arematerial parameters associated with the characteristics of rock mass, m isthe mvaue

of complete rock; GSl is the geological strength index of rock mass (please refer to the research of
E. Hoek et al (2002) as to how to determine the value of this parameter); D is the stress disturbance
coefficient, the value of which iswithin the range of 0~ 1 (the value is O for slope engineering).
Based on quality evaluation of the open-pit mine slope rock mass of Huangshan limestone mine, the
structural characteristics of slope rock mass and the characteristics of engineering geological rock
group were considered and the statistical results of structural plane measurement in the field were
combined to quantify SC and SCR in the GSI evaluation system, further to determine the value of
GSI. The uniaxial compressive strength of rock was determined according to the results of indoor
rock mechanical test. The value of mi was determined according to the descriptions about rocks of
different lithologic characters by the Hoek-Brown criterion. After obtaining the above parameters,
the Hoek-Brown criterion was used to estimate the mechanical parameters of slope rock mass in
different zones. Table 1 lists the strength and deformation indexes obtained for the slope rock mass.
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Takble 1 Strength parameters of slope rock mass calculated with the Hoek-Brown criteron

Lithology GSI | o (MPa) | mi | D | ¢(MPa) | @) | E(GPa) &, ( MPa)
Weak interlaver 17 20 3 0 0.03 2448 0.67 0.00%
Sandstones n <= - -
Dachergs: Growp | 110 13 | 0 382 | 4211 1496 031
z
"Ine 45 109 12 | o 193 | 43.54 745 0.14
Limesto | Zone | . 100 12 | 05 126 36.62 42 0.05
ne II
Zf'ﬁ“ 37 100 12 | 07 1.03 31.01 3.07 0.03

ESTABLISHMENT OF ENGINEERING GEOLOGICAL NUMERICAL MODEL

The II-1I" principal section in Huangshan limestone mine area was chosen for numerical simula-
tion calculation, as shown in Fig. 3. The lowest and highest mining elevations on this section are
+640m and +1,229m, respectively; the “top-down horizonta stratification”
plied; the height of step slope is 15m, and the final slope angleis 17.58° . The pre-processing func-
tion of the finite element software ANSY S was used to establish the II-1I"’
model; factors such as boundary conditions and stratum elements of the slope were fully consid-
ered; fine cell processing was adopted, with 5,000 grid cells and 10,148 nodes divided. Then, the

model was imported into FLAC3D, as shown in Fig. 4.

Lowest excavation depth: 640m
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NUMERICAL ANALYSISOF SLOPE EXCAVATION STABILITY

Based on numerical simulation calculation for slope excavation of Huangshan limestone open-pit
mine, the horizontal displacement field, shear strain increment and plastic zone of the slope were

analyzed. The calculated results are shown in Fig. 5to 7.
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Fig. 5 Contour of horizontal displacement field of the slope
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Fig. 6 Contour of shear strain increment
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Fig. 7 Plastic zone of the slope

As can be seen from Fig. 5, the maximum displacement after slope excavation is 4.31mm. Accord-
ing to Fig. 6, the maximum shear strain increment of the slope is 3.55X10-3; the area of shear
strain increment expands along the entire slope excavation face, forming potential diding failure
mass. As can be seen from Fig. 7, a certain area of plastic shear zone exists at the excavation slope
toe, and the weak interlayers have relatively continuous shear and tension failure zones. Therefore,
the sandstone on the slope surface may slide along the weak interlayers, and such dliding poses
great hazards, from the perspective of long-term stability of the slope, it is suggested to eliminate
the weak interlayers.

CONCLUSION

Based on the collection of engineering geological data about Huangshan limestone mine, and
through detailed survey and analysis of the engineering geological conditionsin the field, the Hoek-
Brown strength criterion was used to estimate the strength parameters of rock mass in this mine,
thus to provide reference for determining the values of mechanical parameters of rock-soil massin
similar projects.
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The finite difference method was employed for numerical calculation of the slope stability on the
principal section of this mine; the rule of changes in displacement field, plastic zone and shear
strain was analyzed; the stability of open-pit mine slope was analyzed and evaluated. These provide
abasisfor design and safe production of the mine.

The sandstone on the slope surface may slide along the weak interlayers, and such dliding poses
great hazards; therefore, it is suggested to eliminate the weak interlayers because they can be quite
threatening as potential sliding mass.
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