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Abstract: The paper solves the applied problem of the setting of the changes mechanism and regularities in the
mass stress-strain state with the workings interaction, the use of which increases the safety and efficiency of
mining operations. As a result of research, there are defined the limit zones of the opencast mine and
underground workings influence, depending on the depth of mining and chamber arrangement, the minimal level
at which a failure is formed and the stability stock coefficient.
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INTRODUCTION feature of mining operations development at the combined

Domestic  and  foreign  practice   of    mineral state of the rocks of the same areas of the mass, open pit
deposits mining development increasingly implements the and underground workings. As a result of this, changes
open- underground mining technology. This combined in the physical and mechanical properties of rocks and
technology of mineral development is characterized by the their structural and stress state, lead to the workings
complicated geo-mechanical situation, putting quite stability deformation and disrupt.
difficult tasks of the rock mass stress-strain state Currently,  despite  the  existing  research  results,
identifying and assessing [1-5]. The peculiar feature of there  is  no  way to solve the problem, taking into
mining operations development at the combined mining is account   the  rocks  inelastic  deformation  with  the  use
the repeated disturbance of the stress- strain state of the of the mineral development combined method. The
rocks of the same areas of the mass, open pit and analysis of experimental data revealed that near the
underground workings. As a result of this, changes in the workings, in the combined way of the mineral deposit
physical and mechanical properties of rocks and their development,  there  is  a  complex picture of the rock
structural and stress state, lead to the workings stability mass stress- strain state, leading to inelastic deformation,
deformation and disrupt. stress destruction and redistribution. In this regard, the

MATERIALS AND METHODS change in the mass stress-strain state with the mining

The developed method can be used to calculate the One of the stages of the problem solution is the
stress- strain state of the rock mass around the open pit analytical description of the relationships between stress
and underground workings and forecasting the stability and strain in the rock mass and the environmental
of exposures with the mine workings interaction. mathematical model formation. The emergence of a

Main Part: There is the analysis of the current state of element method produced opportunities for the
geo-mechanical processes research in the combined introduction of exorbitant deformation characteristics into
system of ore deposits development and research goals geotechnical calculations and the interest in the rocks
setting. The combined system of mineral development is deformation models increased. The paper presents the
characterized by the complicated geo-mechanical developed environmental models for the plane stress
situation, putting quite difficult tasks of the rock mass conditions (  = 0) Hooke's law for plane stress conditions
stress-strain state identifying and assessing. The peculiar can be written as follows:

mining is the repeated disturbance of the stress- strain

research goal is to define mechanisms and patterns of

interaction.

powerful analytical apparatus in the form of the finite
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(1) (5)

where E -v  "plane" analogues of Young's module v and Angle  determines the degree of loosening in the
Poisson's coefficient , associated with them by plastic flow, the value of  may be called the
correlations: coefficient of dilatation. If  formula (5) corresponds

Considering that the medium tensile strength in the to the principle of normality (Associated Flow Law)
compression area is described by Coulomb's criterion Moreover, according to the Environment State Law they

can be represented as the sum of elastic and plastic
(2) components:

where - unconfined compressive (6)
strength; the cohesion and
internal friction angle. Elastic components  re the coordinates of the

Let's supplement the formula (2) in the stretching area point E' and are determined from the formulas of elasticity
with the criteria of  = T tensile strength. (1) by substituting the value of  on the elasticity3

After simple transformations, we obtain a description boundary of Coulomb's formula (2). Thus, substituting the
of the strength boundaries through the main strains - the obtained values of  and the value of  of the
compression is considered to be positive: formula (5) into the equation (6), we obtain a system of

the voltage value of  corresponding to this deformed

(3)
(4)

Unambiguous dependence of tension on
deformations exists only on condition that the whole To determine the value of  one must be given a
process of the environmental element deformation has number of connection graphs of  in plastic
been a continuous compression in the direction of and deformation on condition of . If, during the
extending in the direction of , i.e. if in any two deformation process the resistance remains constant3

successive time moments of t' and t" there is satisfied the (ideal plasticity), the graphics  have the form of
condition of:  For the most real mining horizontal lines and the value of  can be calculated
situations this condition is satisfied and the described using the previously determined value of  using the
environmental models are very effective in the numerical formula (2).
study of stress-strain state. Let's consider the patterns of For the rocks, softening during the ultimate
further plastic deformation occurring at a constant deformation process it decreases from the initial value
minimum principal stress. determined by the formula (2), to a residual value of

The increase of the strain  (i.e. shortening of the1

environmental element in the direction of ) is (8)1

accompanied by a decrease in strain  (extension in the3

perpendicular direction). The plastic deformations full
vector  consists of two components:  and the where - residual strength characteristic featuresp

relationship of these components is determined by the
established current law. The main point in solving practical problems of

Assuming that , than the shortening in the Geo-mechanics is to assess the stability of the rock mass
direction of  is equal to the elongation in the direction of exposures. This paper formulates the criteria for assessing1

 and the environmental element volume under plastic the stability of the combined mining. The essence of the3

deformation will remain unchanged. This plastic flow can proposed criterion is that with the help of specific zones
be called coextensive or equivolumious. In the more having put on the models (ultimate state, softening,
general case the plastic deformation components complete destruction), the size and shape of inelastic
connection can be described by the relation of the form of deformation areas are determined. Then contour lines are

1

two equations, solving which relatively ,  we find
3

state

(7)

1

1
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made in each element of the selected mass area and
according to the proposed formula there are determined
the coefficients of the quarry and underground workings
margin of safety. The developed inelastic environment
models and the criterion are checked for the safety of the
rock mass near the combined mining. The model allows
calculating the stress- strain state of arbitrary shape areas
with arbitrary boundary conditions. Checking the quality
of the finite element mesh and the rock mass
geo-mechanical model are implemented by the test
problems solution [6-9].

The problem is solved in the elastic-plastic
formulation by the finite element method. Figure 1 shows
the dimensions of m ´ 1 of the considered area, slope
depth of H, chamber width and height of h=0.2H, the
distance between the slope bottom edge to the chamber Fig. 1:  Scheme for the test problem: m and 1 - the size of
equal to n =0.6H, as well as physical-mechanical the mass total area, H - the depth of the slope;
properties of E=60 MPa, v=0,3,  =20 kn/m , c=0,1 MPa, h-width and height of the chamber; n-distance3

=32. The baseline data of the problem are taken between the slope bottom edge to the chamber.
equivalent to the parameters of the problem solved by the
optical simulation method. Partitioning of the mass area
under consideration for the final elements of the nodes
number equal to 409, elements -751 and input and
definition of the necessary estimated data are made
automatically by computer.

Initially, the problem was solved for the mass pristine
condition and then in stages by consistent deepening
there was formed the slope with the depth of (H) and a
single chamber was developed. The calculation results are Fig. 2: Strain contour lines for the side mass: a- , - ,
presented in the form of contour lines of ,  in Figure 2.y x

Contour lines analysis of ,  when developing the finaly x

depth of the slope, allow to conclude that contour line of
, near the slope surface is parallel to the slope andy

change within 0÷3.5 and contour line of sx  varies  within
0 ÷ 1.5 MPa.

The calculation results after single chamber
development with the size of h are shown in Figure 4.
Quantitative comparison of the case results with the
undermined slope results (Figure 3) show that on the Fig. 3: Mass strain contour lines in development: a- , -
chamber top  part   and   decrease  respectively  by ,y x

1.3 and 1.5 times, in the bottom of the chamber there is the
decrease of  by 1.4 and -1.2 times. In the sides of the positions relative to the quarry outlines. For "Nikitov's"y x

chamber,  increases and  decreases by approximately mercury deposits, the most characteristic are the followingy x

1.2 times. Qualitative picture of the contour lines location schemes of treatment chambers and slopes mutual
differ around the chamber in these cases, within a mass location (Figure 4). Different options were individually
small area. Quantitative and qualitative comparison of analyzed. The same estimated finite element scheme was
calculation results with the optical simulation data shows adopted for all options. The general estimated parameters
their closeness. are as follows: pit maximum depth H = 160 m, the right side

In underground deposits development without angle 41°, left - 46°, chamber width - 20 m, height -30 m.
overlying rocks collapse under the bottom and in the Physical and mechanical properties are taken according to
sides  of  the  quarry,  chambers  will   occupy    different Table 1.

y x

y

x
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Table 1: Mass estimated physical and mechanical properties 
No Properties Slates Sandstones
1 2 3 4
1 Compressive ultimate strength  Mpacx

Tensile ultimate strength -  Mpa 4.03 12.89p

2 Adhesion - C Mpa 
Angle of internal friction 0.4 11.4

3 - , grade 1.5 2.1
4 Volumetric weight - , kn/m 30 373

Elastic modulus -e, mPa
5 Poisson’s ratio -v 21.8 23.7
6 1.8.104 2.7.104
7 0.34 0.34

Fig. 4:  Finite element mesh

All options are calculated by computer according to
the selected scheme, in stages with the gradual chambers
development. First there are defined the quarry stress and
dislocation fields, then the chambers are cyclically
developed [10-14].

Initially, the problem is solved for the quarry pristine
side and then taking into account the removing loads, the
chambers are processed cyclically depending on the
given order. Each cycle of solutions for all considered
options there are defined stress and deformations fields,
inelastic deformation zones and the rock mass exposure
safety coefficient. Studies have shown that the chambers
different location regarding to the quarry leads to both
qualitative and quantitative changes in the side mass
deformation process. The quarry influence value ranges
within (0.78 - 1.1) H. In the case of mining of one and two
chambers of the left side, the zone of chambers influence
extends deep into the mass for  the  value  of  (0.4  -  1.4)
h (h - chamber height). The comparison of strains
obtained before and after the second chamber
development, indicates that the right and left sides of the
chamber in the mass the voltage of after the second
chamber development increased by 26 % and reduced by
24%. At the top we have a decrease of by 9 and increase
of by 28%.

Fig. 5: Undermined quarry (chamber III is developed)
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Fig. 6: Plots of maximum strains  max|  on section I - I

Fig. 7: Vertical movement of the mass points in the quarry undermined sides

The results of the estimated data analysis in the case failure formation starts. This quarry observation found
of development of chamber III (Figure 5) located on the that failures formation occurs when the chamber is at the
right side are of greatest interest. In this case, the zone of depth of 25 - 35 m.
chamber  crosses  a  quarry  outline  and ranges within Figure 6 shows diagrams of tmax of the strain
(0,9 + 1.4) h. The maximum depth is 42 m and longer than maximum movement on the section of I-I for the options.
the distance from the bottom of the quarry to the chamber Thus, for the pristine quarry =0.96, in the chamber I
roof; this depth is the minimum distance at which the development =0.95, chamber II =0.96, chamber III

max

max max
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=0.98. Consequently, while undermining the strain (0,78-1,1)H, with the lowest boundary of themax

concentration is observed around the quarry side lower interaction zone - 0.78 H and a minimum level of
edge and reaches its maximum value at the location of failure formation - lmin = 0.19?, where H is the quarry
voids in the zone of lmin. The results analysis suggests depth.
that the presence of voids under the quarry increases the It is found that the presence of underground
strain maximum shear in the side mass rocks, thereby chambers under the quarry at the location of voids in
reducing its stability. the area of lmin increases the maximum shifting

Figure 7 shows the vertical displacement of the tensions - tmax in the rocks of the side mass showing
quarry mass points resulting from the calculation by the a decline in its stability.
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