DNIPRO UNIVERSITY
of TECHNOLOGY

Mining of Mineral Deposits
Volume 15 (2021), Issue 1, 50-58

JOURNAL / MINING.IN.UA

UDC 622.831.3 https://doi.org/10.33271/mining15.01.050

Geomechanics substantiation of pillars development parameters
in case of combined mining the contiguous steep ore bodies

Daulet Takhanov®®, Berikbol Muratuly*™ ®, Zhuldyz Rashid™“®, Adilzhan Kydrashov~

IKaraganda Technical University, Karaganda, 100027, Kazakhstan
*Corresponding author: berikbol 1993@mail.ru, tel. +87071414393

Abstract

Purpose. Determining the actual dimensions of the protecting and crown pillars of ore bodies by seismic survey and
assessing the possibility of rock mass collapse and fracturing at the lower levels of the Zhairemskoye field.

Methods. An integrated approach is used, which involves the analysis of complete ore bodies development during the com-
bined mining. To determine the geological strength index (GSI) and rock mass rating (RMR), the mass structure is studied,
as well as the survey is executed of rock fracturing on the contours of mine workings at levels of +288, +240, +192, +144 m.
In addition, the physical and mechanical properties of rocks are refined using the RocLab software. Using the numerical
modelling of the self-caving process, when mining the protecting and crown pillars, the processed results of numerical mod-
elling are analysed and the possible zones of the mass deformation are assessed based on the Phase2 software.

Findings. It has been determined that during the mining of ore bodies 4 and 6, protecting pillars between the quarry and the
underground mine, crown pillars between the levels up to the level of +144 m, the rock displacements are possible along
glide surfaces. It has been revealed that the haulage workings of levels +240 and +192 m fall into the zone of possible dis-
placements influence, and the rock pillar between ore bodies 4 and 6 will be exposed to inelastic deformations during the
mining of crown pillars to the level of +144 m. It has been found that after the crown pillar development between the levels
of +240 and +192 m for ore body 6, the rock pillar destructions are possible between ore bodies 4 and 6, since during the
modelling, displacements of more than 2 mm are observed. In this case, the destruction processes are possible in the rock
pillar upper part.

Originality. A geomechanical assessment of the rocks tendency to caving is given and problem areas of stability during the
mining of ore bodies 4 and 6 in the Zhairemskoye field are identified.

Practical implications. The stable parameters of protecting and crown pillars have been substantiated, which is an
important aspect in the design/efficient technology of mining the contiguous ore bodies.
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1. Introduction

The Zhairemskoye field is mined by a combined method
of mining. When mining the deposits by a combined method,
natural and technogenic reserves (up to 15-20% of the pe-
ripheral reserves volume) usually remain in the bowels of the
Earth, which are not included in the mining schedule. These
are the pillars left at the border of the quarries to separate
surface and underground mining operations and to maintain
the walls in a stable state [1], [2]. Their mining is complicat-
ed by the high broken state of the masses, the presence of
aerodynamic coupling between the stope area and the quarry
atmosphere, the low stability of the undermined walls of the
quarries that are in the limiting state and characterized by
increased indices of losses and dilution [3], [4].
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When mining the steep deposits at the border of surface
and during underground mining by a combined method, the
pillars are formed, which are part of the peripheral reserves
[5]-[7]. Despite the broken state and complex mining condi-
tions, they can be an object of development in terms of their
vo-lumes and content of useful components [8].

The choice of technological schemes for mining the stu-
died pillars is greatly influenced by the broken state of the
mass, the shape, size, location of the pillars, the state of the
quarry space at the time of surface and underground mining
completion [9], [10]. To draw up technological schemes of
mining operations, the pillars left at the border of the quarries
are divided into barrier, protecting, supporting and isolating,
based on the analysis of their functional purpose, ways of
formation, as well as the experience of their mining (Table 1).
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Table 1. Characteristics of pillars for various functional purposes,
formed at the border of surface and underground mining

Location
. relative to .
Name Functional purpose, the wall and Flia_ld qf
parameters bottom of PP ication
the quarry
Separation of surface
and underground In the
mining fronts. Inthe  quarry walls Steep
Barrier walls of the quarries up deposits of
to 30 m thick, and in the In the valuable ores
bottom of the quarries quarry
up to 50 m thick bottom
To ensure the objects Steep
safety: quarry cross- deposits with
Protecting over tracks, adits, In the difficult
loading points. Inthe  quarry walls mining-and-
walls of the quarries up geological
to 50 m thick conditions
Improving the stability de Sct)gﬁ;; of
of the quarry walls. In the vallﬁ)able ores
Supporting ~ With a thickness up to I ith A
20 m, height up to 40 quarry walls —with a grea
m, strike up to 50 m distribution
' depth
nderground mine e Steep
. quarry walls  deposits of
Isolating workings and stope_ valuable ores
areas. In the walls or in In the with comol
. plex
th_e bottom with a quarry physiography
thickness of 3-5m bottom

When drawing up technological schemes, it is taken into
account that the wall of the quarry will be in an unstable or
limiting state. Therefore, for the calculation period of mining
operations, it is necessary to ensure the temporary stability of
the undermined mass by creating a surcharge, strengthening
the mass with cable bolts or using intensive mining extrac-
tion technologies, which makes it possible to reduce the
mining period [11]-[13].

The assessment of various technological schemes shows
that they are all characterized by different performance fac-
tors and completeness of subsoil use. For example, under-
ground mining systems, such as chamber, bench, sublevel
caving, are applicable for barrier pillars in the wall and bot-
tom of the quarry. Open-pit and underground, as well as
cutting-in systems of mining are applicable for protecting
and supporting pillars. Isolating pillars are mined by the
method of open-stope mining, mass extraction with bursting
and by surface method.

To assess the stability of the undermined walls of the
quarry when mining the barrier pillars and to develop the
measures for their strengthening, the stress-strain state of the
rock mass has been studied and the stability margin factor of
the quarry walls has been calculated using the finite element
method in a flat formulation of the problem on the example
of Uchalinsky, Molodezhnoe and Sibai fields.

The stress state of the mass and the pillars adjacent to the
quarry was assessed at the following stages of mining operations:

— setting a quarry in limiting state;

— mining the reserves adjacent to the walls by the method
of hardening backfilling;

— creating the rock surcharge of the wall and mining the
reserves of the barrier pillar by sublevel caving systems;

— mining the pillar reserves without a surcharge.

The geomechanics survey results analysis [1], calcula-
tions of the stability of the undermined walls of the quarries
at the time of mining of all reserves, as well as the data ob-
tained by other researchers, allow to draw the following
conclusions:

— development of pillars formed at the border of surface
and underground mining operations is accompanied by a
decrease in the stability margin factor (Ks=0.8-1.1). The
lowest value of K refers to barrier and supporting pillars;

— development of pillars on the limiting contour of quar-
ries does not lead to a loss of the overall walls stability, and
the local zones of caving are formed along local glide surfaces;

—the presence of a sufficiently high residual stability
margin of the undermined quarry walls during the pillars
mining in combination with strengthening measures and an
intensive mining regime make it possible to ensure the possi-
bility of safe reserves extraction;

— with small volumes of reserves in pillars, short terms of
development and the use of high-performance equipment
with remote control, mining is possible with stability margin
factors of the walls equal to 1.1-1.2, according to the recom-
mendations of the Research Institute of Mining Geomechan-
ics & Mine Surveying (VNIMI).

On the basis of research on the selection of underground
mining systems of N.I. Trushkov, D.R. Kaplunov, G.N. Po-
pov, M.l. Agoshkov, O.A. Baikonurov, Yu.V. Volkov et
al. [3], a methodology has been developed for the compara-
tive assessment and selection of effective technological
schemes for mining by surface, open-pit-underground, un-
derground methods, as well as for determining the area of
their application. It is proposed to select the rational options,
taking into account a set of measures to maintain the under-
mined masses of walls in a stable state according to the crite-
rion of maximum profit when mining the filled reserves [14].

Purpose of the research. Using the ELLIS-3 seismograph
during seismic survey, determine the actual dimensions of
the protecting and crown pillars of ore bodies 4 and 6 up to
the level of +144m of the Ushkatyn-3 Mine in the
Zhairemskoye field and assess the possibility of rock mass
fall at the lower levels. For this purpose, it is necessary to
perform seismic surveys at the levels +288 and +192 m,
+144 and +96 m, as well as to survey the rock fractures.

2. Methods

2.1. Ore body description

Currently, the issues of reserves remediation on aban-
doned pillars as a result of the ore reserves depletion are being
widely studied at a number of deposits in the country. In this
regard, in the Zhairemskoye field, on the pillars of the deplet-
ed levels, the problem arises of repeated mining the remaining
iron-manganese ores for ore bodies 4 and 6 (Table?2). In
terms of occurrence, the ore bodies are steep (Fig. 1).

According to the project, the block is divided in height
from the mined-out and backfilled block of the upper level
by a continuous temporary pillar (crown pillar) with a thick-
ness of 5-6 m, designed to support the weight of the backfill-
ing mass. There is a need to determine the specific dimen-
sions of these pillars left after extraction operations .

In order to determine the actual dimensions of the
crown pillars, ground-penetrating radars and seismographs
are provided.
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Table 2. Parameters of ore bodies in the ferriferous manganese
part of the Ushkatyn-3 deposit

Western flank

Eastern flank

Ore body Thick- Thick-
seam Length, m ness, m Length, m ness, m
No. from-to from-to from-to from-to
average average
Seam 4, 1.2-79 1.0-11.3
RT-4 50-1000 “39 10-220 “a73
Seam 6, 1.2-6.8 1.5-5.6
RT-6 70-780 “43 60-220 Y
Seam 6/7, 0.9-1.9
RT-6/7 80-150 1.12 B B
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Figure 1. Occurrence of ore bodies 4 and 6 in the Zhairemskoye
field

Since the ore is in an iron mass, a ground-penetrating ra-
dar, operating through a magnetic field, may not provide accu-
rate information. For this purpose, it is necessary to use the
ELLIS-3 seismograph, which determines the sound wave [15].

2.2. Determining the actual dimensions
of protecting and crown pillars

Using the ELLIS-3 seismograph, actual dimensions of
protecting and crown pillars of ore bodies 4 and 6 are deter-
mined. The level +288 m plan is shown in Figure 2.

Adit
Block 3
Block 2 Bi=
Block 1
El Tunnel

face
Figure 2. The level +288 m plan (1, 2, 3 blocks)
The survey is made at a level +288 m for ore bodies

4 and 6 in blocks 1, 3, 5. On the first incline of ore bodies
4 and 6, the seismic network is laid out in a parallel way, and
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between ore bodies — in a longitudinal way. The seismograph
sensors are placed at a distance of 90 cm from the mine
working wall. For ore body 4, the distance between sensors
is 70 cm, and for ore body 6, it is 100 cm. The sensors are
placed longitudinally between ore bodies, the distance be-
tween them is 200 cm.

On the subsequent (second, third, fourth) inclines, seismic
survey is not carried out, because the presence on these inclines
of piles and puddles does not allow research work [16], [17].

Next survey is conducted on the fifth incline. On this in-
cline, the network is laid out in parallel only for ore body 4,
and between ore bodies — in a longitudinal way. In both cases,
the sensors are located 90 cm from the wall of mine working.

In the third block, the seismic survey is made only on the
seventh and ninth inclines. On the seventh incline, the net-
work is laid out only between ore bodies, since there are
puddles and piles on ore bodies 4 and 6.

On the ninth incline of ore body 4, the sensors are locat-
ed at a distance of 95 cm, and for ore body 6-75 cm. Ac-
cording to the longitudinal scheme, the distance between
the sensors is 150 cm.

In block 5, seismic survey is performed only on the tenth in-
cline. And the rest of the inclines are piled. On the tenth incline
of ore body 4, the sensors are laid out at a distance of 150 cm,
and for ore body 6-75 cm. According to the longitudinal scheme
of ore bodies, the distance between the sensors is 150 cm.

The survey is also performed at a level +192 m of ore
bodies 4 and 6 in the fourth and third seams. After survey of the
level +288 m, when descending by the haulage roadway, the
fourth and third seam of the level +192 m are also surveyed.

2.3. Work procedure

The total number of sensors is 8. The place of each sensor
is thoroughly cleared. The sensors are located at equal
distances from each other and strictly directed in one direction.
They are firmly attached with gypsum to the pillar. The wires
of the sensors with the coordinate points X, Y, Z are connected
with the same coordinate points on the cable, respectively. The
cable is connected to the main block and the computer [17].

To get signals, it is necessary to create a mechanical
stroke (with a sledge hammer) between the placed sensors.
To register signals, eight strokes with an interval of
2-5 seconds should be made.

When changing over to another scheme, the last two
sensors are left, which are the base points for the next survey.
The survey scheme for ore body 4 at a level +288 m is shown
in Figure 3. The sensors are marked with round icons, and
the place of stroke with a sledge hammer is marked with
crosses in Figure 3.

The survey of ore body 6 is conducted in a parallel way.
The distance between the sensors is 100 cm. The distance
between the sensor and the place of the sledge hammer
stroke is 50 cm. Number of the sledge hammer strokes is 15.
The survey scheme for ore body 6 is shown in Figure 4.

2.4. Office processing of seismic data

Office processing of seismic data involves determining
the wave field characteristics in the mass depth according to
the data obtained at near-surface areas and restoring the con-
figuration of reflecting and refracting boundaries interacting
with this field. For office data processing, a professional
RadExPro system (DECO Geophysical Software Company)
and a package of office programs are used.
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Figure 3. Survey scheme for ore body 4: OB — ore body; SH -
place of the sledge hammer stroke; S — sensor
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Figure 4. Survey scheme for ore body 6: OB — ore body; SH -
place of the sledge hammer stroke; S — sensor

2.5. Numerical modelling of the self-caving
process when mining the protecting pillars

Numerical modelling of the stress-strain state of the rock
mass adjacent to steep ore bodies 4 and 6, provided that they
are completely mined up to the level of +144 m, is performed
using the Phase2 software. Phase2 is a program for two-
dimensional finite element modelling of the stress-strain state
of a rock mass in underground mining in an elastic and/or
elastic-plastic formulation. The program is interactive and
easy-to-use, ideal for performing quick parametric analysis,
preliminary design, and as a training tool for numerical anal-
ysis of stresses in geotechnical problems.

Phase?2 is designed as a quick and easy-to-use tool for
parametric analysis in order to study the influence of geome-
try and in-situ stresses on the value of stresses in the rock
mass during mining operations.

The finite element method is used to explain the contour
failure mechanism of a particular mine working. This method
considers a bounded area (flat or volumetric), which is divid-
ed into a finite number of elements (in a plane problem,
triangular elements are usually accepted), while the elements
are joined only at the vertices. The finite element software
package allows solving linear and nonlinear, stationary and
nonstationary spatial problems of deformable solid mechan-
ics and structural mechanics (including nonstationary geo-
metrically and physically nonlinear problems of structural
elements contact interaction).

The calculated stresses in the analysed plane can be pre-
sented in the form of isolines around the driven mine work-
ing. To interpret the deviatoric stress values (the difference in
principal stresses) around mine working, the isolines of
strength factor are displayed, which are a quantitative meas-
ure of the strength/acting stresses ratio in accordance with
the selected criterion of rock mass strength. If the strength
factor value is less than unity, then this indicates that the
mass is destroyed at the given stress state.

The advantage of the Phase2 software package is that it
enables modelling of geomechanical processes occurring
near by the technogenic outcrops of various cross-sectional
shapes with a large number of stope spaces located at differ-
ent levels (bottom and top).

Numerical modelling is conducted in conditions of com-
plete mining of ore bodies 4 and 6 to a level of +144 m and
mining of protecting pillars, without gobbing and backfilling
the mined-out areas in order to create an internal dump. The
plane problem of determining the stress-strain state of the
rock mass adjacent to ore bodies 4 and 6 is solved.

Using the Phase2 program, a geological section is con-
structed with ore bodies 4 and 6, host rocks, conventionally
divided into 5 sections according to the depth of occurrence
from the surface.

The computational scheme for the numerical analysis of
the stress-strain state of the rock mass by the finite element
method is shown in Figure 5.

Figure 5. Computational scheme for the numerical analysis

At the first stage, the contour of the mine working cross-
section is constructed, which is placed in a flat model with
fixed boundaries. The boundaries must be discretized. Then,
the rock mass is divided into a finite number of triangular
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elements, while the elements are joined only at the vertices
(Fig. 5). After the finite element grid is created, interference
is prohibited and the number of elements and nodes in the
grid can be seen [18], [19].

At the second stage, the rock mass properties are speci-
fied. This program makes possible to take into account a
wide variety of mining-and-geological conditions and
strength criteria [20], [21].

The initial data for numerical modelling are determined
using the RocLab software.

Hoek and Brown criterion can be accepted as failure
criterion [11]:

)

a
o3

01 =03+0; mb-U—+S )
C

where:

my, — constant dependent on the type of rock and conver-
ted from m to a fractured mass by its GSI;

s and a — rock mass constants, and for undisturbed rock s = 1.

The modelling is performed under the condition that ore
body 6 at a level of +288 m is mined first, then ore body 4 of
the same level is mined. In this order, ore bodies are mined at
the levels + 240, +192 and +144 m. These actions are divided
into 8 stages of modelling. Mining of protecting pillars be-
tween the quarry and underground mine, crown pillars be-
tween the levels are also divided into 8 stages. Full mode-
lling includes 16 stages of numerical analysis. At each stage,
the stress-strain state of the rock mass can be observed, tak-
ing into account their state at the previous stages [22]-[24].

3. Results and discussion

The numerical modelling results of assessing the geome-
chanical rock mass state during the mining of ore bodies 4
and 6 up to the level of +144 m, as well as during the mining
of protecting and crown pillars are shown in Figures 6-13.

Based on the numerical modelling results, the following
conclusions have been made:

—when mining the ore bodies 4 and 6, protecting pillars
between the quarry and the underground mine, and crown
pillars between the levels up to the level of +144 m, the rock
displacements along glide surfaces are possible (Figs. 11-13);

— haulage workings of the levels +240 and +192 m fall in-
to the zone of possible displacements influence (Figs. 11-13);

—the rock pillar between ore bodies 4 and 6, when
mining the crown pillars up to the level of +144 m, will be
exposed to inelastic deformations;

— after mining the crown pillar between the levels of +240
and +192 m for ore body 6, the rock pillar destructions are possi-
ble between ore bodies 4 and 6, since during the modelling,
displacements of more than 2 mm are observed. The destruction
processes are possible in the upper part of the rock pillar (Fig. 8);

—when mining the protecting and crown pillars, drilling
operations should be carried out after bringing the workplace
into a safe state or after determining the safest place to per-
form operations.

Mining of the protecting pillar between the quarry and
the underground mine for ore body 6 influences the stable
state of the same pillar for ore body 4. The upper right part of
the pillar for ore body 4 has a strength factor of less than 1
(Fig. 6). It is possible that self-destruction processes can
occur in the pillar of ore body 4 in its certain areas [25], [26].
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Figure 6. Mining of the protecting pillar between the quarry and
the underground mine for ore body 6

After mining the protecting pillar for ore body 4, the lower
part of the rock pillar between ore bodies 4 and 6 in the area
of +288 m level is exposed to inelastic deformations and the
strength factor is 0.52. The rock mass near the crown pillars
between the levels of +288 and +240 m is in the limiting
state (Fig. 7). When mining the crown pillars between the
levels of +288 and +240 m, the probability of rock displace-
ment from the side of the hanging wall of ore bodies is high.
Mining operations during their development should be con-
ducted from more stable and safe areas of mine workings.

B

A

o | B
b
o

Figure 7. Mining of the protecting pillars between the quarry and
the underground mine for ore bodies 4 and 6

Mining of the crown pillar between the levels of +288
and +240 m for ore body 6 influences the stable state of the
crown pillar for ore body 4 at the same level. In this pillar,
destruction processes can occur in the upper part of the pillar,
where the strength factor is less than 1. The rock pillar be-
tween ore bodies 4 and 6 passes into this state in the area of
+288 m level. According to the model, the rock pillar be-
tween ore bodies 4 and 6, as well as between the levels of
+288 and +240 m is in the limiting state (Fig. 8). At this
stage of the crown pillars mining, the displacements of the
rock pillar upper part begin (in the area of +320 m level)
between ore bodies. The displacement value is 2 mm.

Given the rock pillar displacements and predicting its de-
struction in the upper part, further modelling is carried out
with account of the above-described deformations.

After mining the crown pillar for ore body 4 between the
levels of +288 and +240 m, the rock mass below +288 m
level has a strength factor of less than 1 (destruction). At this
level, the mass is exposed to inelastic deformation. The rock
mass between the levels of +288 and +240 m is in the limit-
ing state (Fig. 9).
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Do

“ nded

Figure 8. Mining of the crown pillar between the levels of +288
and +240 m for ore body 6

Destruction

Figure 9. Mining of the crown pillars between the levels of +288
and +240 m for ore bodies 4 and 6

Part of the mass within the levels of +240 and +192 m is
also in a state close to the limiting one. The areas of the rock
pillar between ore bodies 4 and 6, and the hanging wall of
ore bodies below the level of +192 m passes into an inelastic
state, where the strength factor is less than 1.

As a result of mining the crown pillar for ore body 6 be-
tween the levels of +240 and +192 m, the adjacent pillar
remains stable, but the strength factor is not high. In addition,
the rock pillar between ore bodies 4 and 6 is in a limiting
state. In the case of complicated hydrogeological and
mining-geological conditions, the loss of the pillar stability
for ore body 4 and the rock pillar is possible. At this stage of
mining the crown pillars, a zone of possible rock displace-
ments from the side of the footwall and hanging wall of ore
bodies is formed (Fig. 10).

After mining the crown pillar for ore body 4 between the
levels of +240 and 192 m, the curve of the possible rocks
glide does not change direction, but the deformation zones
are more activated and can be clearly observed in Figure 10.
At this stage, the rock pillar upper part (in the area of +305
and +288 m levels) between ore bodies has a displacement
value of 12-21 mm. The displacement vectors are directed
from the quarry into the mass depth.
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Figure 10. Mining of the crown pillar between the levels of +240
and +192 m for ore body 6

The middle part of the rock pillar between +240 and +192
m levels has a strength factor of less than 1, which indicates
its destruction (Fig. 11). In the area of +180 m level, the rock
mass from the side of ore bodies hanging wall is exposed to
inelastic deformations. These areas are dangerous during the
mining of crown pillars between the levels of +192 and +144
m. When mining the crown pillar for ore body 6 between the
levels of +192 and +144 m, it is necessary to ensure the safe-
ty of mining operations.

Possible glide line

A
-

Figure 11. Mining of the crown pillars between the levels of +240
and +192 m for ore bodies 4 and 6

TR
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s.e0
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Figure 12 shows the geomechanical situation when min-
ing the crown pillar for ore body 6 between the levels +192
and +144 m. In the area of +240 and +185 m levels, the rock
pillar destruction is possible between ore bodies 4 and 6. The
area of the rock pillar below +185 m level is in the limiting
state. Certain rock pillar areas (in red) have a strength factor
of less than 1. The zone of rocks deformation increases in the
same direction as in the previous stages of mining the crown
pillars [20], [27], [28].

The numerical modelling final stage is mining the crown
pillar for ore body 4 between the levels +192 and +144 m.

At this stage, the rock pillar displacement between ore
bodies reaches 52 mm, which makes it possible to speak of
its destruction. Displacement vectors are directed from the
quarry towards the rock mass.
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Figure 12. Mining of the crown pillar between the levels of +192
and +144 m for ore body 6

Possible glide line

Figure 13. Mining of the crown pillars between the levels of +192
and +144 m for ore bodies 4 and 6

From the side of ore bodies footwall (from the level of
+260 m) and from the side of ore bodies hanging wall
(from the level of +215 m) to the earth’s surface, the rock
displacement zones are formed. The rock mass in the area
of +192 m level is in the state close to the limiting one.
The rock pillar between ore bodies 4 and 6, near the levels
+240 and +185 m, is exposed to inelastic deformations.
According to the rock mass model, with the complete min-
ing of the crown pillars for ore bodies 4 and 6 from the
surface to the level of +144 m, the rock pillar between
them will collapse.

When analysing the seismic data, many sources of reflect-
ed waves have been found, which, being mutually overlapped,
make it difficult to identify reflecting boundaries. Despite this,
several deep-earth reflecting boundaries have been found on
seismograms obtained under various conditions.

For example, for a line along the incline 1, the position of
the reflecting boundary is within 7-10 meters, and for a line
along the incline 5, it is within about 5-8 meters.

It should be noted that the studied rock mass has a rela-
tively high acoustic density and the velocity of longitudinal
waves in it reaches 6 km/s. Hence, the increased wavelength,
when summing the common depth points, significantly
reduces the survey detail and the error in depth can reach
several meters.

The actual dimensions (thickness) of the pillars are
shown in Tables 3 and 4.
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Table 3. Actual size of protecting and crown pillars

Pillar thickness, m
Ore body 4  Ore body 6

Studied area Note

two different va-

!eve_l +288 m 7 and 10 5and 8 lues are obtained
incline 1

from one place
level +288 m 7 : B
incline 5
level +288 m surveys are made
incli 5 6 only between
incline 7 v

ore bodies

level +288 m 55 6 B
incline 9
level +288 m
incline 10 5 6-7 -

Table 4. Actual size of protecting and crown pillars
Depth to reflecting

Seam Feature Scheme
boundary, m
ore body 4 2 4-6
ore body 6 1 3-6
4 ore body 6 2 3-5
ore body 6 3 4-5
ore body 6 4 3-6
ore body 6 1 5-7
3 ore body 6 2 6-7
ore body 4 3 5-7
ore body 4 4 4-6

4. Conclusions

The paper presents the results of research into the mass
structure and survey of the rocks fracturing on the contours
of mine workings at levels of +288, +240, +192 and +144 m,
as well as the results of determining the geological strength
index (GSI) and rock mass rating (RMR). The physical and
mechanical rock properties have been confirmed using the
RocLab program. Numerical modelling has been performed
for assessing the geomechanical rock mass state during the
mining of protecting pillars between the quarry and the un-
derground mine, as well as when mining the crown pillars
between the levels up to +144 m level.

The processing of the numerical modelling results has
been analysed and possible zones of the rock mass defor-
mation have been assessed. In addition, the analysis has been
made of mining the pillars during the combined mining of
contiguous steep ore bodies in the Zhairemskoye field. The
actual dimensions of the protecting and crown pillars left over
the ore bodies 4 and 6 of the deposit have been determined in
the field environment using the ELLIS-3 seismograph.

Seismic surveys were performed at the levels of +288 and
+192 m for ore bodies 4 and 6. For office data processing
after seismic survey in the field environment, a professional
system and a set of office programs RadExPro were used. As
for the +288 m level, the average pillar thickness for ore
body 4 is 6.5 m, and for ore body 6-6.2 m.
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I'eomexaniyHe 00IPYHTYBaHHSA NapaMeTpiB BiinpanioBaHHs NUIMKIB NIpU
KOMOiHOBaHii po3podui 30/ 1MKEeHNX KPYTONAJal0uuX PYIHMX TiJ

. Taxanos, b. Mypatyiny, XK. Pamun, A. Kuapamos

Merta. BusHaueHHs (akTHYHHX PO3MIipiB OXOPOHHHUX 1 CTENBHOBUX LIJIMKIB PYAHUX TiJ 32 JOIOMOIOI0 CEHCMIUHOT PO3BIIKHM Ta OLIHKA
MOXKITBOCTI 00BaJIeHHs TIPHIYOI MacH Ha HIDKHIX TOpU30HTaX B yMoBax JKaifpeMChKoro pooBHIIa.

MeToanka. 3aCTOCOBaHO KOMIUIEKCHH MiJXiJ, IO BKIIOYAE B ceOe aHaNi3 MOBHOTH BIIIyYEHHS PyIHHX TLT IPH KOMOIHOBaHOMY BiATI-
paIloBaHHi; BUBYEHHS CTPYKTYPH MacHBY Ta 3HOMKH TPIIMHYBaTOCTI FPCHKUX IOPiJ HA KOHTYpaxX TipHUYUX BHPOOOK Ha TOpH30HTax +288,
+240, +192 i +144 M n1a BU3Ha4YeHHs iHJeKcy reoyoriqaoi minHocTi (GSI) Ta peittuary macuBy ripeskux mopig (RMR), a Takox yTouHeH-
Hsl (i3MKO-MEXaHIYHHUX BIACTHBOCTEH MOpiA i3 3acTocyBaHHAM Hporpamu RocLab. 3xilicHeHo urcenbHe MOCIIOBAHHS MPOLIECY caMooOBa-
JICHHS TIPH BiJNPAIIOBAaHHI OXOPOHHMX 1 CTENBOBUX IIHKIB i3 BUKOPUCTAHHAM nporpamu Phase?2; anaini3 oOpoOKy pe3ysibTaTiB YHCETbHOTO
MOJIETIOBaHHSI Ta OL[iHKa MOJIUBHX 30H J1e(OpMyBaHHS MacCHBY.

PesyabTaTn. BeraHoBieHo, 1o mpu BianpamoBaHHi pyAHUX Tl 4 i 6, OXOPOHHUX LUIMKIB MK Kap’€poM i MiI3eMHUM PyJHHKOM Ta
CTeJFOBUX IIIIMKIB MiJK TOPH30HTaMH JI0 TTO3HAUKH +144 M MOKJIMBI 3pyHIEHHS TIPCHKHX ITOPiJ IO TOBEPXHSIX KOB3aHHA. Bu3HaveHo, mo B
30HY BILUTUBY MOXKIIBHX 3pYIICHB MOTPAIUISIFOTH TPAHCIIOPTHI BUPOOKH Topru30HTIB +240 1 +192 M. [TopoaHuii HiTUK MiXX pyJHAMH Tinamu 4
i 6, IpW BiATIpaIOBaHHI CTEIFOBHUX IUIMKIB 10 TO3HAUKU +144 M, mignactbes HenmpyXHUM nedopmamisM. BetaHOBIEHO, 0 TicTs Biatpa-
MIOBaHHS CTENFOBOTO IIIJIMKA MiX Topu3oHTamMu +240 1 +192 M 1o pyaHOMY Tiy 6 MOXKIIHBI pyHHYBaHHS OPOJAHOTO LUTHKA MiX PyTHHAMHA
Tinamu 4 i1 6, OCKUIBKY MPU MOJIEIIOBAaHHI CIIOCTEPIraloThCsl 3MILeHHs Oiibliie 2 MM, IPH LbOMY HPOLIECH PYHHYBaHHS MOXJIMBI y BEPXHIii
YaCTHHI TOPOIHOTO I[IJTHKA.

HaykoBa HoBH3Ha. HanaHo reomexaHiuHy OI[IHKY CXHJIBHOCTI TiPCHKHX MOPIiJ JO OOBaJICHHs Ta BUSBICHO MPOOIEeMHI 00J1acTi CTiliKoc-
Ti MpH BignpaioBanHi pyaHuX Tl 4 1 6 B yMoBax JKalipeMchKOro pooBHIna.

IpakTnyna 3HaYnMicTb. OOIPYHTOBAHO CTilKi TapaMeTpH OXOPOHHUX 1 CTEJILOBUX IUIMKIB, IO € BAXIIMBUM ACIIEKTOM IIPH IIPOEKTY-
BaHHI €()eKTUBHOT TEXHOJIOTI] BiANpaiOBaHHS 30JIIDKEHUX PYAHUX TLII.

Knrwouosi cnosa: indicenepna ceticmixa, pyone mino, yiauk, 20pu3onm, 3aizo, Mapeaneysb
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T'eoMexaHUYecKoe 060CHOBaHME APAMETPOB 0TPAOOTKH HEJTUKOB NPH
KOMOUHHMPOBAHHOIi pa3padoTKe COJMKEHHBIX KPYTONAJAOIIHUX PYIHBIX TeJl

. Taxanos, b. Mypatynsl, XK. Pamua, A. Keigpamos

Hean. Onpenenenue HakTUUECKUX Pa3MEPOB OXPAHHBIX U MOTOJIOYHBIX HETMKOB PYIHBIX TEJ C MOMOMLIBIO CEiCMUUYECKON pa3sBEeAKH H
OLICHKA BO3MO)KHOCTH OOpyIIIEHHsI TOPHOH Macchl Ha HIDKHUX TOPH30HTAX B YCJIOBHUX YKalipeMCKOTO MEeCTOPOXKACHHSI.

MeTtoauka. [IprMeHeH KOMIUICKCHBIH MOAXO/, COCTOSIIIMI N3 aHaJIHM3a ITOJHOTHI M3BJIEUEHHS PYIHBIX Tl NPH KOMOMHHPOBAHHOM OT-
paboTKe; N3ydeHHs CTPYKTYpPhI MacCHBa M CheMKH TPEIIMHOBAaTOCTH FOPHBIX MOPOJ] Ha KOHTYpax TOPHBEIX BBEIPAOOTOK Ha ropm3oHTax +288,
+240, +192 u +144 M 1t onpeneneHus nHIeKca reosorndeckoii npounoctu (GSI) n pelitara Maccusa ropaeix nopox (RMR), a Taxxe
YTOYHEHHS (PU3NKO-MEXaHHYECKHX CBOWCTB MOPOJ ¢ IpUMeHeHHneM nporpammbl RocLab. TIpoBeneHo dncieHHOe MOIeIMpPOBaHKe pouecca
caMoO0pyILIeHUS MPpU OTpabOTKE OXPAHHBIX M MOTOJIOYHBIX IIEIUKOB C UCIONb30BaHUEM IporpamMmbl Phase2; aHamus3 o0paboTKH pe3ynabTa-
TOB YHCJIEHHOTO MOJIEITMPOBAHUS U OLIEHKA BO3MOXKHBIX 30H Je()OPMUPOBAHUS MacCHBA.

Pe3ynbTaThl. YCTaHOBIEHO, YTO NPU OTPAOOTKE PYAHBIX Tel 4 U 6, OXPAHHBIX HEIMKOB MEXIY KapbepoM M MOJ3EMHBIM PyTHUKOM U
TIOTOJIOYHBIX IETMKOB MEXKTY TOPH30HTAMH O OTMETKH +144 M BO3MOXHBI CABI)KEHHUS! TOPHBIX IIOPOJ IO TIOBEPXHOCTSIM CKOJBKEHHSI.
OmpeneneHo, 9TO B 30HY BIMSHHS BO3MOKHBIX CIBIDKCHHUH ITONAAIOT TPAHCHOPTHEIE BEIPAOOTKH ropu3oHToB +240 1 +192 M. [TopomHsrit
LEJTHK MEXTy PyIHBIMHU TeJlaMU 4 1 6, IpH 0TpabOTKe TOTOJIOYHBIX IIEIUKOB 10 OTMETKH +144 M, HOABEPTHETCSI HEYIPYTUM JehOopMarisiM.
YcraHoBIIEHO, YTO HOCIE OTPAOOTKH MOTOIOYHOTO IIENHKa MEeX Ty Topu30HTaMH +240 1 +192 M 1o pyaHOMY Teiry 6 BO3MOXKHBI pa3pyIIeHUs
MOPOJHOTO LIENUKA MEXAY PYAHBIMH TelaMH 4 U 6, TOCKOJNBKY IIPU MOJESTHUPOBAHNH HAOIIONAIOTCS cMelleHus 0ojee 2 MM, IIPU 3TOM TIPO-
LIECCHI pa3pyIICHNs] BO3MOKHBI B BEPXHEH 9acTH MOPOAHOTO HETHKA.

Hayunast HoBu3Ha. JlaHa reoMexaHHYecKasi OIEHKA CKJIOHHOCTH TOPHBIX MOPOJ K OOPYIIEHHIO U BBIIBICHBI HMPOOIEMHBIE 00IacTu
YCTOHYHBOCTH IIPU OTPabOTKe PyAHBIX Tell 4 1 6 B ycnoBusax JKalipeMcKOro MeCTOpOXKICHUS.

IIpakTnyeckasi 3HAYUEMOCTb. OOOCHOBaHBI YCTOWYMBBIE ITapaMETPHI OXPAHHBIX U MTOTOJIOYHBIX IIEIUKOB, YTO SIBISICTCS] BAYKHBIM acIeK-
TOM IIPY NIPOEKTHPOBaHUH (P (HEKTUBHOHN TEXHOIOTUH OTPAOOTKH CONVIKEHHBIX PYIHBIX TEI.

Knioueswie cnosa: unsicenepnas celicMuxa, pyonoe meno, yeiux, 20pusonm, Jcene3o, Mapeaney
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