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Abstract. The publication examines the problems of concentrator of elevated tension formation
in pillars and ore massif. The article presents the results of modeling the stress state of
interchamber pillars and ore deposits, using specialized geomechanical software PRESS 3D
URAL. In the process of numerical experiments, it was found that the increase of natural
flexibility in pillars leads to a decrease of normal stresses in comparison with the variant of a
stiff scheme. If interchamber pillar involves different varieties of ores, there is a redistribution
of stress on the site with more stiff ores. The article shows that the stress state control of
interchamber pillars and ore massif in conditions of OJSC «Sevuralboxitruda» can be achieved
by drilling relief holes.

Introduction

Forecasting the stress state of the rock mass is a very important task to ensure the safety of mining
operations for many mining enterprises. [1-8]. This is due to the fact that at present depths of
development in the zone of stope influence there is a significant change and redistribution of the stress
field. A significant increase in tension at the approach of the front of the treatment works is experienced
by areas with a lower capacity of the ore body and its greater strength. A significant tension increase in
process of approaching the stopping front get areas with less thickness and greater strength of ore
deposits The increase in normal stresses, acting in massif, in areas with more strength varieties of bauxite
ore, determines their ability to accumulate significant elastic energy. At the same time, in the areas of
the ore deposit, represented by less strength varieties of ores, as a rule, there is a process of active
cracking, fracturing, which indicates a gradual withdrawal of latter from under the load and its
redistribution to neighboring stronger areas. The situation becomes more complicated in the case of
using room and pillar development systems. This problem is particularly relevant for mining enterprises,
developing Severouralsk bauxite basin (OJSC «Sevuralboksitruday) in complex geological, mining and
technical, geodynamic conditions.

Specialized geomechanical software PRESS 3D URAL [9-13] allows to solve spatial elastoplastic
problems of geomechanics and can be used to identify the regularities of stress distribution in the
mining-induced zones of ore deposit and pillars, as well as to determine the optimal parameters of
preventive measures to prevent rock bumps and other geodynamical events.

Research objective

The aim of the study is to assess the stress state of the ore mass under different loading regimes of
interchamber pillars in the process of underground mining of ore deposits of complex geological
structure to improve the efficiency of mines operation at great depths.
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Methods

Software PRESS 3D URAL allows to edit the source of mining and graphic documentation, to
carry out numerical and analytical calculations, as well as to process the results. The software is
developed in the system of visual programming Delphi Pro and allows with a high degree of automation
to form a source database, including creation of model structural elements, initialize their properties:
depth, thickness, physical-mechanical characteristics, tectonic dislocation characteristics and
parameters of relief holes in study area.

Numerical-analytical block includes algorithms, which implement various integro-differential
calculation methods, containing a significant amount of cyclic structures. The processor block of the
PRESS 3D URAL software, allows to calculate stresses with the cumulative account of a wide range of
mining-geological and mining-technical factors: mined-out spaces and pillars arbitrary in size and
configuration, arbitrary location of pillars relative the boundaries of mined-out space, parameters of
tectonic disturbances and thickness of relief slit. Setting of boundary conditions is carried out by
specifying the values of loads, removed from the sole of excavation. The influence of this interaction on
the mining-induced zone is taken into account by introducing the displacement parameter q,
corresponding to the linear approximation of the stresses, acting on the excavation sole.

Processing unit of calculation results (stresses, strains, displacements, rock-bump hazard zones,
allocation of rock-bump hazard zones within the ore deposit and destruction zones on the planes of
tectonic fault, the parameters of relief holes) using technology of export results in a modern graphics
visualization systems (AutoCad, Serfer, CorelDraw, etc).

To assess the effect of natural and man-made flexibility of ore interchamber pillars on their stress-
strain state, numerical experiments were performed for the scheme of the chamber-column development
system (with open developed space), presented in figure 1.
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‘ /| - Parameters of the second material

Figure 1. Basic design scheme

The initial data of the computational models, characterizing the possible combinations of the
studied parameters, are given in table 1. To study the influence of the spatial configuration of ore deposit
boundary part contour on its stress state, the conditions of model 1 were accepted.
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Table 1. Initial data for computational models

Parameters of the first material Parameters Of.t he second
material

Model mgy, Eda ET’ Ah: mgy, Ed: E‘ra Ah; Note

m MPa MPa m m MPa MPa m
1 0.5 | 6.5-10* | 3.0-10* | 0.00 | 0.5 | 6.5-10* | 3.0-10* | 0.00 Rigid scheme

6.0 | 0.6-10* | 3.0-10* | 0.00 | 6.0 | 0.6-10* | 3.0-10* | 0.00 Pliable scheme

6.0 | 0.6-10* | 3.0-10* | 0.00 | 2.0 | 1.5-10* | 3.0-10* | 0.00 | Rigid-pliable scheme
6.0 | 0.6-10* | 3.0-10* | 0.00 | 2.0 | 1.5-10* | 3.0-10* | 0.01 oid-pliable sch
6.0 | 0.610* | 3.010* | 0.00 | 2.0 | 1.5-10* | 3.0-10* | 0.03 R‘%iit‘g’rgieggl::ne
6 6.0 | 0.6-10* | 3.0-10* | 0.00 | 2.0 | 1.5-10* | 3.0-10* | 0.05
where m, — thickness of ore deposits, m;

E; — modulus of elasticity of ore Deposit, m;

E, — modulus of elasticity of rock, m;

A, — thickness of the loading slot, m.

DWW o

Results

The results of numerical calculations of dimensionless additional stresses, acting in the boundary
part of the ore deposit and interchamber pillar, are shown in figure 2. The results of numerical
experiments for the conditions of models 1-6 are shown in figures 3-4. Analysis of the results of
numerical evaluation of interchamber pillar stress state, shown in figures 3-4, allows us to make the
following conclusions.

An increase in natural flexibility of interchamber pillar due to an increase in it’s power and (or) a
decrease in strength of the ore (figure 3, b) leads to a decrease in normal stresses, acting in it by 1,4
times compared to the variant of the rigid scheme (figure 3, a). In the case where the inter-chamber pillar
is composed of different types of ores in strength (figure 3, c), there is a redistribution of stresses on the
site with more rigid ores, while several unloading adjacent areas of the pillar. The value of additional
loading on rigid section is an average of 20% (figure 3, b) compared with the variant, characterizing the
uniform strength of interchamber pillar (figure 3, a). At the same time, the value of additional loading
of rigid sections in the interchamber pillar will increase as width of rigid section decreases. A significant
reduction of operating in pillar stresses can be achieved by giving the target man-made compliance (for
example, by drilling discharge wells).

Giving the interchamber pillar additional man-made flexibility, leads to a significant decrease in
stresses in it (figure 4). Control of the stress state of interchamber pillar can be carried out by changing
the thickness of the man-made gap (parameters of relief holes). The results of the calculation show that
the reduction of stresses in the areas of increased stiffness to the average level is achieved with the
thickness of the man-made slot A= 0.03 m.

Significant practical experience, focused on the unloading of elevated stress concentrator in the
mines of «Sevuralboksitruda» shows that when the thickness of the man-made gap is about 0.03 m and
a diameter of relief holes amount 0.105 m, location of relief holes in the gap need to be done through
two diameters of holes (0.2 m).
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Figure 2. Results of stress state evaluation of ore deposit taking into account the spatial configuration
of the boundary part of the deposit
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Figure 3. Results yoyf stress state evaluation of the interchamber pillar for reference conditions of models 1-
3: a —rigid scheme; b — pliable scheme; ¢ — rigid-pliable schem
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Figure 4. Results of stress state evaluation of the interchamber pillar for models 4-6: a— when A= 0.01 m
; b—when Ap,=0.03m ; c—when Ay= 0.05m
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Conclusion

As a result, of the performed studies, the regularities of changes in the stress state of interchamber
pillars were established, taking into account the influence of various geological and mining factors.

An increase in natural flexibility of interchamber pillar leads to a decrease in normal stresses,
acting in it by 1.4 times compared to the variant of the rigid scheme. In the case where the interchamber
pillar is composed of different types of ores in strength, there is a redistribution of stresses on the site
with more rigid ores, while several unloading adjacent areas of the pillar. The value of additional loading
on rigid section is an average of 20% compared with the variant, characterizing the uniform strength of
interchamber pillar. Giving the interchamber pillar additional man-made flexibility, leads to a significant
decrease in stresses in it. It is recommended to use relief holes to control the stress state of the
interchamber pillars. For the operating conditions of mines of «Sevuralboksitruday» it can be
recommended drilling relief holes every 0.2 m.

Similar qualitative regularities of stress-strain state of interchamber pillars were identified as a
result of widespread mining experimental studies, carried out on ores of Dzhezkazgan and Mirgalimsay,
which is developing a copper-nickel deposits, using chamber-and-pillar system development. The
reliability of the developed modified method of integral equations was confirmed by comparing the
results of the numerical experiment with the results of mining and experimental work (mine
"Kalinskaya" OJSC "SUBR"), as well as with experimental data of laboratory studies of the stress-strain
state of interchamber pillars, using equivalent materials in the certified laboratory of rock modeling of
the Scientific research center of geomechanics and problems of mining production in St. Petersburg
mining University.
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