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ABSTRACT

Purpose is to substantiate the efficiency of geomechanical model of the mine working on the basis of qualitative and
quantitative parameters of stress and strain state of the mine working and to compare the results of computational
experiment both with the results obtained while designing mine working support and with the results of field studies
under mine conditions.

Methods. The studies consisted of three stages. Stage one involved development of the computational model and,
using a finite-element method (ANSYS Software Package), and performance of computational experiment for min-
ing and geological conditions of MM “Pokrovske”. Stage two involved field measurements in the mine working with
the support pattern developed according to the results of first stage of the research. Characteristic points were select-
ed to determined separate stress and deformation components of a geomechanical system. Stage three dealt with
comparative analysis of both computational and field experiments to define the efficiency of the selected computa-
tional model and the engineering solutions.

Findings. The substantiated physical and mathematical model as well as geometry of computational region of the
geomechanical system have made is possible to determine to a high precision stress and strain state of all the compo-
nents of mine working support and neighbouring rock mass. Analysis of changes in mine working border, while
calculating and full-scale measuring, has demonstrated high accuracy degree in description of deformation processes
within the rock mass. Qualitative changes in stresses within the selected anchors, in the process of the stope plane
movement, correspond in their appearance to the curves of graphs obtained as a result of calculations.

Originality. For the first time, complex multicriteria approach has been proposed and applied to determine efficiency
of the selected support scheme based on the measurements of mine working border displacement and internal effects
of the support components; the approach makes it possible to evaluate adequacy of the selected computational
scheme while predicting changes in the geomechanical system state.

Practical implications. The developed innovative methodology to prove the efficiency of selecting optimal system
for mine working support helps reduce design costs and cut production expenses while mounting and operating the
support from a holistic perspective. Validation of the fact that calculated results of stress and strain state of a geome-
chanical system correspond to the data of field measurements in terms of various stress and deformation criteria
provides the possibility of the computational model interpolation with respect to the mine workings driven and
designed under similar mining and geological conditions.

Keywords: rock mass, mineworking, stress and strain state, field experiments, anchors, mine working borders

1. INTRODUCTION (Van der Merwe & Madden, 2010; Salli & Mamajkin,
2012). That compulsory measure results in incompliance
between calculated and real indices of stress and strain
state of a geomechanical system. As a result, accuracy of
the calculations as well as the efficiency of engineering

Studies of stability of reused mine workings driven
in terms of different mining and engineering conditions
are always closely connected with idealization of both
enclosing rock mass and structural support components
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solutions made on their basis may fail to provide the
invariance of operational characteristics for a mine
working (Piwniak, Bondarenko, Salli, Pavlenko, &
Dychkovskiy, 2007; Sdvizhkova, Babets, & Smirnov,
2014). The problem is aggravated by a wide range of
mechanical characteristics of rocks and technological
schemes of mine working supports applied while its
designing. Thus, the issue on organizations and method-
ology to carry out comparative analysis of both experi-
mental results and the ones obtained while operating a
real mine working is not simplistic — it may have several
variants of solution (Pivnyak & Shashenko, 2015;
Lozynskyi, Saik, Petlovanyi, Sai, & Malanchuk, 2018).

Search for optimal indices of geomechanical system
has the form of multiparametric task which solution
region should be reduced. To do that, one should deter-
mine adequacy criteria of the obtained experimental data
(Fomychov, Kovalevska, & Vivcharenko, 2011; Fomy-
chov, 2012). Such criteria should describe the results of
both computational experiment and field observations to
the fullest extent possible. They should make it possible
to interpret the considered data unambiguously while
performing comparative analysis of stress and strain state
of a geomechanical system (Shevchuk, Ivanik, La-
vrenyuk, & Saveliev, 2017). The selected characteristics
should be mutually independent describing various as-
pects of stress and strain distribution within certain ele-
ments of a geomechanical object under consideration
(Lazarevié, Uro$, & Cengija, 2017).

The selected analytic model of a computational exper-
iment developed while designing a mine working, may be
actualized by means of complex studies of a geomechani-
cal system under field conditions. In this context, the ob-
tained data are tested for the degree and types of devia-
tions between calculation results and field measurements.

When optimality of the solution being taken is confirmed,
then it is possible to formulate the database to analyze
further projects to develop supports for a mine working
operated under similar conditions. Such studies emphasize
a separate task to determine connecting regularities of the
criteria for various characteristics of changes in stress and
strain state of a geomechanical system.

2. RESEARCH METHODOLOGY AND
STATEMENT OF THE PROBLEM

Three measuring stations were set while driving 5™
southern belt entry of block 10 to confirm the results of
computational experiment aimed at searching for the
most expedient scheme to support reused mine work-
ings operated under mining and geological conditions
of Pokrovske colliery group. All the activities to meas-
ure maximum stresses within the roof anchors begin-
ning from the support mounting up to the mine working
abandoning were performed within each measuring
stations. Stations one and three are located at the dis-
tance of 100 m from the starting and terminal points of
a belt entry; station two is located in the middle of that
distance (Fig. 1).

Plane of anchors setting does not coincide with the
plane of frame work location. Thus, deformation charac-
teristics of both mine working border and the frame itself
were measured at the distance of 0.4 m from the anchor
setting plane being taken further as a basic plane during
the process of graph construction and analysis. Those
peculiarities of field experiment performance have not
effected the quality of the studies as analytic region of
the computational experiment does not take into consid-
eration those features of mine working support.
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Figure 1. Fragment of a work layout in terms of extraction site of block 10 of Krasnoarmiiska-Zahidna No. 1 mine

Total vertical displacements of the mine working bor-
der were determined by means of a laser ranger with digi-
tal control systems (Sztubecki, Bujarkiewicz, &
Mrowczynska, 2017). Measurements performed along
vertical axis of the mine working make it possible to de-
fine rock convergence within the roof and floor. That helps
compare the obtained results of both computational and
field experiments according to the majority of techniques
to evaluate operational mine working state (Bondarenko,
Symanovych, & Koval, 2012; Mamaykin, 2015).

Measurements in terms of all three stations have
resulted in the dependences having common character as
for all the considered objects and their characteristics.
Maximum linear indices of deviations from average
values are within the range of 2 — 6%. Consequently, the
obtained measuring results are analyzed in terms of ave-
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raged indices. Taking into consideration the model to
carry out computational experiment involving calcula-
tions which describe discretely the changes in mine
working geometry, measurements were performed with
considerable time interval. Measurements were per-
formed in three ways: measurement of anchors involved
analogous tension sensors connected to external bus of a
computer; vertical displacements of mine working floor
and roof were measured by a laser ranger with digital
control systems; and changes in mine working border
were measured by means of special techniques which
results require further additional processing.

The technique is based on a mathematical model of
mine working border development in terms of the totality
of the selected points recorded under field conditions
with further analysis of the obtained pattern involving
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database of laboratory and field experimental results
(Fomychov, Kovalevska, & Vivcharenko, 2011). It
means the implementation of differentiation approach for
evaluation of a mine working while its operation apply-
ing the analysis of mine working border changes as a
closed geometrical area being limited by the totality of
interconnected geometrical objects.

The considered system of mine working border con-
trol consists of two main parts: part one includes physical
elements of the system located immediately within the
mine workings, they comprise photofixation stations,
support anchors, and set of replaceable reflectors; part
two includes software being integrated or used in parallel
with information system of mine control.

Stage one of the preparation for the use of the consi-
dered system involves setting of support anchors of
0.45 m long within the selected cross-sections of the
mine working. It is desirable to set those anchors after a
drifting face as early as possible. Support anchors are
used to mounter place able reflectors. The reflectors
determine the areas to locate control points for photofixa-
tion of a specific mine working cross-section. Setting of
support anchors is followed by taking a reference image
(with the help of a photofixation station); immediately
after its fixing, separate table of states is opened in the
system database for that image. Now, all the changes in
mine working border will be considered basing upon the
movements being further fixed in images.

From the viewpoint of the system to control mine
working border, it is represented as a time-dependent
totality of points connected geometrically within a space.
The states are fixed with the help of relativistic database
providing reference of those control points to a specific
coordinates of the selected mine working. Thus, the sys-
tem is capable of maintaining all the mine workings of a
certain mine without any limitations in terms of compu-
tation power and software performance.

Generation of mathematical description of the mine
working border is the basic stage of implementing sys-
tem of control for mine working border. That stage in-
volves mathematical tool of spline interpolation making
it possible to use the supporting points, which coordi-
nates are determined during the previous stage, to deve-
lop the mine working border; in this context, cross-
section of the mine working preset by the support pattern
is applied as the initial approximation.

Quality of that description effects considerably gen-
eral operating efficiency of the mine working control
system. Being adequately structured, data processing
makes it possible to trace not only any changes in mine
working border but also its spatial movements relative to
the rock mass (Bartashchuk, 2017; Bezruchko, Dia-
chenko, & Urazka, 2018).

Database of mine working cross-section states is a
key one for the considered system. It accumulates all the
data describing mathematical model of the mine working
border formed within the previous stage. The database is
the link between the stages of processing and preparation
of computational models and a system to analyze chang-
es in the mine working border states.

Our method means cross analysis as the development
of four-dimension (spatial coordinate system + time)
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mathematical model of a mine working along with mul-
tiparametric comparison of the model with the data ob-
tained earlier for other mine workings operated under
similar mining and geological conditions. The objective
of the analysis is to identify critical deviations in the
behaviour of the neighbouring rock mass demonstrated in
the displacement growth pattern in terms of the mine
working border. The analysis allows indicating peculiari-
ties of support-rock mass interaction; thus, it helps select
the most efficient engineering solutions to increase sta-
bility of a specific mine working.

3. SUBSTANTIATING CRITERIA TO
EVALUATE THE OBTAINED RESULTS

While analyzing various calculation schemes applied
by the authors in their computational experiments, it is
clear that special attention is paid to the conditions of
setting and further operation of anchoring for the reused
mine working. In this context, studies were carried out to
determine efficiency of a separate anchor setting — effect
of geometrical place of an anchor hole and its setting
angle. The available anchor load in various modes of its
operations determined the degree of its setting efficiency
(Bondarenko, Kovalevs’ka, & Fomychov, 2012). On the
other hand, availability of other support components,
such as frame or protective strip, may complicate consi-
derably the pattern of stress distribution both in the an-
chor and in its enclosing rock mass (Salli, Mamaykin, &
Smolanov). That is the reason why further field experi-
ment involved studies of stress changes in terms of sepa-
rate anchors; those states were the most characteristic
ones in terms of the types of internal effort distribution
according to the calculation results.

Changes in cross-section shape has become another
comparative index describing state of the reused mine
working both inside and outside the effect of stoping
operations. As it is known, structure of the border load
distribution is possible to be demonstrated in terms of
deformation analysis of the proper border of the consid-
ered mine working. Though it is not always possible to
identify to the full extent the laws of internal energy
redistribution of support materials and rock layers, it is
quite possible to analyze the admissible accuracy of the
obtained calculated results (Bulat, Alekseiev, & Baisa-
rov, 2004; Latyshev, Matveev, Martushov, & Eremizin,
2011). Moreover, these are the changes of mine working
border which indicate the operation modes of an adjusta-
ble frame support.

Thus, while analyzing support border state, we not on-
ly obtain changes in the pattern of internal effects of the
rock mass, but we also may predict behaviour of the
frames mounted within a mine working. In that way, anal-
ysis of changes in the shape and range of the open mine
working border is the one to be most informative from the
viewpoint of a pattern containing stress stain state coinci-
dences of a “rock mass — mine working support — protec-
tive structure” system. However, it should be taken into
consideration that in certain cases the characteristic may
be of rather conventional character due to the available
natural outcroppings along the mine working border and
its change under the effect of stoping operations.
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Time changes in the reused mine working height be-
fore and after stoping face drivage has become a third
factor to be used while analyzing the adequacy of the
performed computational experiments. Selection of that
index is based first of all on its widespread use in other
scientific papers related to the common topic under con-
sideration — solution of problems to provide mine work-
ing stability. However, in terms of the considered engi-
neering solutions and performed computational experi-
ments, comparative analysis of the obtained results will
be of different qualitative degree (Pariseau, 2011; Mama-
ykin, 2015). In case of successive calculations not taking
into account time factor, the comparison will be performed
with piecewise linear function which boundary values are
determined as final results of a separate calculation carried
out in terms of the computational experiment.

4. MINING-GEOLOGICAL AND MINING-
TECHNICAL CONDITIONS OF THE
CONSIDERED WORKING AREA

Working area of southern longwalls 5 of block No. 10
of ds seam (MM “Pokrovske”) has been selected to per-
form computational experiment by a finite-element meth-
od and carry out field studies concerning mine working
stability; 5" southern belt entry is the mine working under
consideration. The working area is located within the left
side of the block No. 10 panel; extraction pillar length is
2200 m; longwall length is 290 m; calculated commercial
reserves are 1.7 mint. Extraction method is pillar-and-
panel one with retreat mining along the seam strike to-
wards capital inclined workings. Table 1 represents char-
acteristics of the enclosing rocks where 5" belt entry is
driven. Depth of belt entry is 815 m. Geological thickness
of ds seam within the working site is from 1.4 to 2.4 m;
average geological thickness within the extraction pillar is
2.1 m; coal density is 1.35 t/m>.

Table 1. Characteristics of enclosing rocks of the seam within
the considered area

Value (characteristic) of

Parameters
the parameters

Coal grade Coke coal
Rocks
— main roof Sandstone
— immediate roof Aleurolite
— immediate floor Aleurolite
— main floor Sandstone
Rock categories
— main roof Az (medium cavability)

B3 (low stable)

— immediate roof B4 (medium stable)

— floor P2 -3 (medium stability)
Protodiakonov scale of hardness

— main roof 8.05-12.26
— immediate roof 4.0-6.5
— immediate floor 2.79-5.18
— floor 6.60 —9.85
Thickness of the enclosing

rocks, m

— main roof 0.00-5.00
— immediate roof 0.00 - 6.00
— immediate floor 0.00 —4.00
— floor 6.00 — 15.00
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Sulfur content of the seam is 0.5 — 0.6%; ash content of
the seam is 14 —28%; coal humidity is 2.0 —3.5%. Seam
angle is 3 degrees. Natural gas-bearing capacity of the seam
within the working area is from 15 to 25 m/t, water influx
throughout the extraction pillar is 15—25 mh. Stoping
advance is 100 m, if load is not more than 3000 t/day in
terms of gas factor. (Law et al, 1998; Bondarenko &
Dychkovskiy, 2006; Petlovanyi, Lozynskyi, Saik, & Sai,
2018). Belt entry is reused and supported by a cast strip;
double-row organ timbering is set. Support is of frame-and-
anchor type. Spacing of tent-shaped setting is 0.8 m. Spa-
cing of roof bolting is 0.8 m. Tent-shaped support is of
KShPU 17.7 type with roof-bolt setting.

The paper substantiates the efficiency of geomecha-
nical model of a belt entry under the mentioned mining
and geological conditions by comparing results of compu-
tational experiment obtained while mine working support
designing and field studies under mine conditions.

5. RESULTS

5.1. Analysis of roof-bolting state of
development workings inside and outside
the zone of stoping operations effect

Stress state of anchors set within the roof and walls of
the mine working according to the support pattern was
measured within three stations in a time discrete way
according to the position of a stope plane relative to
cross-section of the mine working where anchors were
set. Figures 2 —4 demonstrate the results of comparing
the calculated and averaged measuring values of maxi-
mum reduced stresses o within the selected anchors.

First, consider changes in the state of central anchors
represented by graphs in Figure 2. As it is seen, qualita-
tive and quantitative indices of the represented graphs
coincide to a considerable extent. Absolute deviation
between calculated and field values is not more than 13%
being 7% on average.
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Figure 2. Changes in stress state of the central anchor set
within the mine working roof: 1 and 2 — field and
calculated values respectively

Apart from the approximating curve, Figure 2 demon-
strates accurate values of field measurements performed in
terms of three measuring stations. Further, we will not
show the points to simplify consideration of the graphs.

Measurements were performed in each cross-section
in terms of five anchors being set as follows: an anchor at
the upper point of the mine working roof (central); the
third anchors in succession from the central one (they are
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set within the mine working roof); and two outermost
elongated anchors set in mine working walls. Selection
of the anchors is determined by the pattern of distribution
of their stresses in the calculation process.

In terms of outermost elongated anchors (Fig. 3), both
calculations and field observations have demonstrated
the fact that the pattern of changes in the maximums of
reduced stresses o turns out to be perfectly-matched.
Quantitative deviations for both anchors are not more
than 7% being commeasurable to the average computa-
tion error in complex physical and mathematical models.
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Figure 3. Changes in stress state of the anchors while
longwall advancing for outermost elongated an-
chors towards the unmined rock mass: 1 and
2 —field and calculated values respectively, and
for outermost elongated anchors set towards the
stoping; 3 and 4 - field and calculated values
respectively

Such indices of calculated and field values conver-
gence may only indicate high adequacy degree of the
developed computational model relative to the real mining
and technical characteristics of the enclosing rock mass
and its interaction with the components of support and
protection systems. In this context, one should take into
consideration the fact that these are the anchors which
state is described by graphs in Figure 3 that are at the most
complex situation from the viewpoint of external loading.

Figure 4 compares the obtained values of field and
calculated experiments for the anchors set in the roof and
on each side of the central anchor.

Stresses, MPa

50 30 10 -10 -30 -50 -70 -90 -110 -130 -150

Longwall advance, m

Figure 4. Changes in stress state of the anchors while
longwall advancing for the anchor being third from
the central one towards the unmined rock mass:
1 and 2 - field and calculated values respectively,
and for the anchor being third from the central one
towards the stoping; 3 and 4 — field and calculated
values respectively
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It is clearly seen that in both cases nature of the
changes in maximums of o stresses coincides qualitative-
ly. Deviations of absolute values for the anchor set to-
wards the unmined rock mass is mot more than 12%; in
terms of the anchor from the stoping side, maximum
deviations are not more than 30%.

General character of the graphs in Figures 3 and 4
corresponds to a three-phase model of anchor operation
in terms of reused mine workings. However, in terms of
quality, anchors of the unmined wall and the ones of
stoping-transition area operate differently; nevertheless,
that corresponds to the obtained field observations.

The defined deviations in absolute values of the con-
sidered graphs correspond to two zones: zone of stope
passing the plane of measuring stations and maximum
distance of the face from that plane. In case one, the error
is caused by the available considerable gradient of stress
growth within the considered system; that always results
in flattening of absolute values while performing numeri-
cal computation. In case two, one may clearly observe
the effect of time changes in strength characteristics of
the rock mass that is sure to be taken into account in
terms of the obtained computational model.

In general, the obtained calculated results mostly ex-
ceed the values obtained while measuring; that demon-
strates the acceptable quality of strength characteristics
of rock bolting which configuration has been obtained as
a result of computational experiment based upon mul-
tiparametric recursive nonlinear model.

5.2. Analysis of changes in the mine working
border under field conditions and while
performing calculations taking into account
nonlinear characteristics of the rock mass

Six support anchors were set in each of three cross-
sections (their locations correspond to the anchor mea-
suring stations) while studying changes in mine working
border; setting depth was 0.6 m that was stipulated by
considerable loosening degree of neighbouring rock
mass. Those anchors were arranged as follows: two of
them were set in the mine working floor at similar dis-
tances from the axis of its vertical symmetry; two more
were set symmetrically to each other lower than 0.1 m of
the lower boundary of pliability node of KShPU support;
and two more were also set symmetrically but higher
than the pliability node by 0.8 m.

Measurements were performed along the whole inter-
val of mine working operation to determine possible qua-
litative rapid changes due to sudden roof or walls caving.
Since no disturbances of that kind were recorded, four
most characteristic state represented in Figure 5 were
selected for comparative analysis of the mine working
border. Table 2 (Fig. 5a) and Table 3 (Fig. 5b) demon-
strate measurement data used to obtain the diagrams.

The obtained borders both while calculating and as a
result of field measurements have a set of quantitative
deviations expressed as follows: first, changes in the mine
working border during calculations is of more symmetric
character than the ones being the result of measurements
when mine working wall, exposed to the stoping, is de-
formed more intensely than the opposite one; second,
longitudinal border changes in Figure 5b are uniform both
in floor and roof while, in terms of field conditions, roof
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rock convergence is 1.5 times more; and third, as a result
of calculations, deformation rate of the mine working
(Fig. 5b) is practically constant, but mea-surements indi-
cate its growth with time (Fig. 5a). As a result, linear
deviations of the obtained borders, calculated and meas-
ured, are up to 0.24 m at the points of greatest deviations
and 0.11 m on average within all the splines.

initial

before the longwall effect zone
10 meters before the longwall
after the longwall drivage

Figure 5. Changes in there used mine working border ob-
tained: (a) as a result of field studies; (b) as a result
of performed calculations

Table 2. Deformation of the mine working border in terms of
mine conditions

Displacements, recorded under field conditions,

mm
Control before the zone after the
. 10 m before
point of longwall the longwall longwall
effect drivage
X Y X Y X Y
1 19 49 136 174 273 314
2 21 34 -289 216 -468 388
3 28 33 71 82 102 117
4 -25 37 -269 117 453 245
5 -6 =31 45 -122 86 -187
6 —11 —42 -202 —194 —420 -324

Table 3. Deformation of the mine working border obtained in
terms of calculations

Displacements, recorded under field conditions,

mm

Control before the zone after the
. 10 m before
point of longwall the longwall longwall
effect drivage
X Y X Y X Y

1 18 20 124 142 269 298

2 -17 22 -172 166 -386 347

3 18 17 56 61 104 102

4 -12 14 -125 98 —289 204

5 8 -18 120 -129 198 -292

6 =7 -18 -112  -137 -187 297

However, contrary to qualitative indices of mine
working border changes, quantitative ones expressed by
residual area of cross-section inside, have demonstrated
much higher degree of mutual correspondence being not
more than 16% for all the pairs under analysis. Thus, the
performed analysis makes it possible to draw conclusions
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on the correspondence of physical nature of deformation
distributions along the mine working border between
calculated values and the ones obtained owing to field
observations; that helps predict the behaviour of pliable
supports in the context of the task being solved on the
basis of multiparametric nonlinear recursive model.

5.3. Determining efficiency of the applied
measures to protect reused mine working
while longwall is driven along it

Evaluate the development of vertical convergence of
mine working roof and floor rocks when calculations and
measurements are performed at each of three measuring
stations (Fig. 1). The studies have demonstrated consid-
erable qualitative deviations of the performed measure-
ments in terms of all three stations while the difference in
quantitative indices is not more than the range of 80 mm.
Thus, it turns out to be impossible to consider averaged
characteristics of measurements in terms of all field
cross-sections.

Results of field observations obtained at first measur-
ing station (Fig. 6) have the largest difference of 89 mm
within the distance between —25 and —50 m. In this con-
text, when longwall displaces from the measuring sta-
tions, values of vertical displacements approach the cal-
culated ones becoming less than calculated values by —
150 m. In general, increase in vertical displacements of
the reused mine working appears to be higher than the
calculated ones at the initial moment of passing through
ORP zone with further rapid decrease along with the
growing distance to it.
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Figure 6. Vertical displacements of roof and floor rocks of the
reused mine working within the first measuring
station

It means that in terms of first measuring station, it is
possible to state that the computational model, having
provided solid field-data correspondence indices on av-
erage, does not fully consider the structure of interaction
of support and rock mass components; however, when
the descriptions of protective structure are introduced
into the calculation, that peculiarity of the computational
model is leveled. In general, the performed analysis of
comparing the obtained results for the first measuring
station makes it possible to indicate satisfactory state of
the performed computational analysis.

In terms of second measuring station (Fig. 7), field
research data correspond to the obtained calculation
results to a greater degree. Maximum difference between



V. Fomychov, O. Mamaikin, Yu. Demchenko, O. Prykhorchuk, J. Jarosz. (2018). Mining of Mineral Deposits, 12(4), 46-55

calculated and field data is 89 mm but within the distance
of =50...—75 m. Here the measured deformations exceed
the calculated ones though they change in a smoother
way comparing to calculated ones; that determines higher
correspondence degree of the obtained dependences.
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Figure 7. Vertical displacements of roof and floor rocks of the
reused mine working within the second measuring
station

If we compare the data represented in Figures 6 — 8,
then it is possible to conclude on the fact that displace-
ment patter obtained for second measuring station does
not contain the effects of stopings driven perpendicularly
to the longwall movement direction, i.e. assembling —
disassembling entry.

Studies within the third measuring station differ from
the previous ones most of all (Fig. 8). Despite the fact
that qualitatively represented graphs correspond better to
the ones in Figure 6, there are serious differences in
quantitative indices. In terms of distance —20 to —50 m,
difference in calculated and field data is more than
100 mm; at —25 point, the difference reaches 129 mm. As
a result, maximum deviation of the considered values for
that measuring station are more than 23% being the worst
index among all the pairs being compared.
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Figure 8. Vertical displacements of roof and floor rocks of the
reused mine working within the third measuring
station

In general, it should be noted that qualitative indices
of changes in mine working height inside are similar for
all the three stations. Up to the moment when longwall
passes the cross-section plane, where there are compo-
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nents of a measuring station, and beginning from 100 m
behind the longwall, calculated indices and measured
values are close to each other; however, the range of —10
to —100 m demonstrates considerable differences in the
growth of vertical deformations of the reused mine work-
ing. Non-consideration of roof-lowering of the stope,
resulting in its breakup, is the obvious fact influencing
the quality of the obtained results. It is the lack of de-
crease in potential energy that does not allow implement-
ing more intense growth of vertical stresses in a compu-
tational model.

Thus, changes in values of vertical displacements of
mine working roof and floor while calculating in terms of
qualitative indices do not correspond to the full extent the
real conditions. However, in quantitative terms, the ob-
tained maximum deviations are not more than 14% that
allows speaking substantially about adequacy of the
selected computational scheme obtained on the basis of
multiparametric nonlinear recursive model.

6. DISCUSSION

Changes in stress and strain state of a geomechanical
model of a mine working under field conditions demon-
strate that the selected physical and mathematical model as
well as the computational region geometry has made it
possible to predict adequately the effect of mine working
support upon the enclosing rock mass. Deformation growth
of mine working border as well as its geometry changes
recorded by means of the technique developed by the au-
thor (Bondarenko, Kovalevs’ka, & Fomychov, 2012) has
demonstrated that the loosened zones within the rock mass
are formed according to the obtained calculation results.

Analysis of the results of mine working border mea-
suring has shown that the selected technique describes
rather adequately real deformation processes within the
rock mass; at the same time, the technique makes it pos-
sible to have direct comparison of data arrays of compu-
tational and field experiments. The performed analysis
has demonstrated: first — maximum quantitative devia-
tions within the border deformations are observed within
the mine working floor; second — while calculating, de-
formation pattern of the border relative to vertical axis of
the mine working is displaced towards the stope, it is
connected with the computational region modeling.

Components of the designed roof bolting within the
considered geomechanical system perform the functions
of internal forces redistribution according to the results
of calculations obtained during computational experi-
ment. Predicted changes in stress and strain state of a
certain anchor, when stoping plane moves along the
considered mine working, have coincided with the results
of the field experiment measurements to a high precision.
That indicates the right computational model being se-
lected while designing the support for the mine working.

7. CONCLUSIONS

1. The selected criteria for evaluating the efficiency
of a calculation model of a computational experiment are
structurally independent. Deviations of field indices from
the calculated ones are characterized by various types of
dependences represented by timed nonlinear functions.
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2. Analysis of the considered computational model
has demonstrated that description quality of a real geo-
mechanical system corresponds least of all to the time
interval of the stope plane passing through the plane
where measurements are performed. Deviations in quan-
titative measurements are up to 160 mm in vertical dis-
placements and up to 22% in terms of stress intensity at
the selected points.

3. The proposed methodology to carry out field ex-
periments makes it possible to reveal the nature of
changes in stress and strain states of a geomechanical
system that, along with the computational experiment,
helps obtain high-accuracy predictions, with deviation
being within the limits of 7%.

4. The obtained results have shown that the selected
computational model has provided the implementation of
the predicted changes in the state of geomechanical sys-
tem of the mine working according to the selected sup-
port parameters. While analyzing, all the elements of the
computational model have demonstrated high correlation
degree between the calculated and field indices of the
selected criteria.
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AHAJII3 EOEKTUBHOCTI TEOMEXAHIYHOI MOJIEJII BUIMKOBOI
BUPOBKH HA OCHOBI OBYUCJIIOBAJIBHUX HATYPHUX JOCJILIKEHb

B. ®omuyos, O. Mamaiikin, 1O. [lemuenko, O. [Ipuxopuyk, 5. Apom

Meta. OOrpyHTYyBaHHs e()eKTUBHOCTI TeOMeXaHI4YHOT MOJiei BUIMKOBOI BUPOOKH Ha OCHOBI MOPIBHSHHS SKICHHX 1
KIJIBKICHUX MapaMeTpiB Harpy>KeHO-1epOopMOBaHOTO CTaHy BUIMKOBOi BUPOOKH 3a pe3yJbTaTaMh PO3pPaxyHKy OOuuc-
JIIOBAJIHOTO €KCIIEPUMEHTY 3 OTPMMAHKMMH Ha €Talli MPOEKTYBaHHsI KPIIIEHHS! BUPOOKH 1 HATYPHUMH JOCIIKSHHSIMHA
B IIAXTHUX YMOBAX.

MeTtoauka. JlociipkeHHS TpoBoAWINCs B Tpu etany. Ha nepimoMy erari po3po0uisiiiacsi po3paxyHKOBa MOAEINb 1 32
JIOTIOMOT'010 METO/Iy CKIHYEHHHX eleMeHTIB (nporpamaunii maker ANSY'S) mpoBoanBcst 00YHCITIOBANBEHIN €KCIIEPUMEHT
JUIA TIpHUYO-TEOJOTIYHIX yMOB ImaxtoymnpaBiiHHA «IlokpoBcbke». Ha npyromy erami BHKOHaHI HATYpHi 3aMipH Y
BHPOOIIi 31 CXeMOIO KpIIJICHHS, BU3HAYCHOIO 32 pe3yNIbTaTaMH IEPIIOro eTary IOCIiKeHb. bymn oOpaHi xapakTepHi
TOYKH, B SKUX BU3HAYAIHCS OKpEeMi KOMIIOHEHTH HaIpy)kKeHb abo nedopmamiii reoMexaHiuHOi cucteMu. Tperiil eram
MOJISITaB Y MPOBEACHH] MOPIBHUIBHOTO aHANI3y JaHUX OOYHMCIIOBAIFHOTO W HATYPHOTO €KCIEPUMEHTY 3 METOI0 BH3HA-
4yeHHsI e()eKTUBHOCTI 00paHOT pO3paxyHKOBOT MOJENI 1 IPUHHITHX TEXHOJIOTIYHHUX PIlLICHb.

PesyabraTu. OGrpyHTOBaHI (i3MKO-MaTeMaTH4yHa MOZENb Ta IEOMETPis PO3PaxyHKOBOI 00JACTI reoMexaHiqHOI
CHCTEMH JI03BOJMJIM 3 BHCOKOIO TOYHICTIO BM3HAYUTH HAIPY)KEHO-IeQOPMOBaHHH CTaH YCIX €JIEMEHTIB KpIIJICHHS
BUPOOKH W MPUKOHTYPHOTO IMOPOJHOTO MacUBY. AHajli3 3MiHM KOHTYPY BUPOOKH IIPU pO3paxyHKax i HATYPHUX BHMi-
pax Toka3aB BUCOKHI CTYNIHb TOYHOCTI OIMCaHHS Je(pOpMaIiiHUX MPOLECIB, MO NPOTIKAIOTh Yy HOPOJAHOMY MAacHBi.
SIKicHI 3MiHM HaIpy>KeHb B O0paHMX aHKepax MpH Pyci IUIONIMHU OYMCHOTO BHOOIO BIAIIOBIJAIOTH 32 BHIOM KPHUBHM
rpadikiB, OTpUMaHUX y Pe3ybTaTi PO3paXyHKIB.

HaykxoBa HOBHM3HA. Briepuie 3amponoHOBaHO Ta BHKOPHCTaHO KOMIUIEKCHHM OaraTOKpHUTepiabHUH MiAXin Uit
BHU3HAYCHHS e(heKTUBHOCTI 00paHOI CXeMH KpIIJICHHs, 3aCHOBAHMH Ha BUMIipax IepeMilleHb KOHTYPY BHPOOKH i BHYT-
PIIIHIX 3yCHIb €JIeMEHTIB KPITUICHHS, IO JO3BOJISIE OLIHUTH a/IeKBaTHICTh OOpaHOi OOYMCITIOBATIBHOI CXEMH TIPH TIPO-
THO3YBaHHI 3MiHU CTaHy T€OMEXaHIYHOI CHCTEMH.

IIpakTnyna 3HaYMMicTb. Po3pobieHa HOBa METOAMKA MiATBEPKEHHS €(PEeKTHBHOCTI BUOOPY ONTHUMAIBHOI CHC-
TEeMH MiATPUMAHHS BUIMKOBOI BUPOOKH J03BOJISIE€ KOMIUIEKCHO CKOPOTUTH 3aTPaTH Ha IMPOBEACHHS NIPOCKTHUX 3aXO0/IB
Ta 3MEHIINTH BUTPATH BHPOOHMIITBA IIPH YCTAHOBII W eKciuryaTamii kpimuteHHs. IlinTBep/pKeHHS BiANOBITHOCTI pe-
3yJIbTaTiB PO3PaxyHKIiB HANpPYKEeHO-1e(hOPMOBAHOIO CTaHy I'€OMEXaHIuYHOI CUCTEMH 1 JJaHUX HATYPHHUX 3aMipiB 3a pi3-
HUMH KPUTEPISIMU HampyxXeHb Ta aedopmaliii 3ade3nedye MOXKIHMBICTh IHTEPIOJALIT 00YHMCIIIOBANBLHOT MOAENI s
MIPOHIeHNX BUPOOOK 1 BUPOOOK, 1110 MPOEKTYIOTHCS, Y CXOXKUX T1PHUYO-T'€OJIOTIYHIX YMOBaX.

Knrouosi cnoea: nopoonuil macus, 8upooxa, HanpylceHo-0epopmMoBaHUil CMAH, HAMYPHUL eKCNePUMEHM, aHKepd,
KOHMYp 8UpOOKU

AHAJIN3 D®PEKTUBHOCTHU TEOMEXAHUYECKOW MO/IEJIA BBIEMOYHOM .
BBIPABOTKHN HA OCHOBE BbIYUCJIMTEJIBbHBIX HATYPHbBIX HCCJIEJJOBAHUHU

B. ®omuues, A. Mawmaiikus, 0. Jlemuenko, A. [Ipuxopuyk, 5. Apom

Hean. O6ocHoBanNe 3P PEKTUBHOCTH reOMEXaHNIECKON MOJIENIN BRIEMOYHOM BEIpAOOTKH HA OCHOBAHUH CPaBHEHUS
Ka4EeCTBEHHBIX M KOJIMYECTBEHHBIX ITAPAMETPOB HAIPSIKEHHO-IE(POPMUPOBAHHOTO COCTOSHHS BBIEMOYHOH BBIPAOOTKH
10 pe3yJibTaTaM pacdera BBIUYUCIMTEIHFHOTO SKCIEPHMEHTA C MOJYYEeHHBIMH Ha JTarle MPOSKTHPOBAHUS KPENH BbIpa-
OOTKM ¥ HATypHBIMH HCCIIEAOBAHUSIMH B IIAXTHBIX yCIOBHUSIX.

MeToauka. VccienoBanust mpoBOIMINCE B TpH 3Tana. Ha mepBoM 3Tame paszpabarsiBasiach pacdeTHas MOJENIb U
MPU TIOMOIIIA METOJ1a KOHEYHBIX 3JIeMEeHTOB (TporpaMMHbIi makeT ANSY'S) mpoBOAWIICS BBIYHCIUTEIbHBIN dKCIIEPH-
MEHT I TOPHO-I€0JIOTHYECKUX YCI0BUM 1maxToynpasiaeHus «IlokpoBckoe». Ha BTOpoM 3Tane BbIIOIHEHB! HATYPHBIE
3aMepbl B BBIPAOOTKE CO CXEMOM KpEIUICHUs, OMPEACICHHOW MO pe3ysibTraTaM IEPBOrO 3Tama HccienoBaHuil. beuin
U30paHbl XapaKTEePHbIE TOYKU, B KOTOPBIX ONPEAESUINCH OTAEIbHbIE KOMIIOHEHTBI HANpPsDKEeHUH wiu Jedopmannii
reOMEXaHUUeCKOl cucTeMbl. TpeTnii srtam 3akmiodajics B IPOBEAECHHH CPaBHUTEIBHOIO aHAINM3a JAHHBIX BBIYMCIIH-
TEJILHOTO M HaTYpHOT'O SKCIIEPUMEHTA C LEJBI0 onpesiesieHns 3(GEeKTUBHOCTH BHIOPAHHON pacueTHON MOAENH U TpH-
HSTBIX TEXHOJIOTHYECKUX PEIICHHH.

Pe3yabTaThl. O00OCHOBaHHBIE (PH3MKO-MaTeMaTHYECKash MOJACTh W TEOMETPHs PacueTHOW OOJIACTH TeoMeXaHHYe-
CKOH CHCTEMBI TIO3BOJIMIIN C BBICOKOM TOYHOCTBIO OMPENEIUTh HANPSHKEHHO-1e(OPMUPOBAHHOE COCTOSHHE BCEX 3JIe-
MEHTOB KpETH BBIPAOOTKH M MIPUKOHTYPHOTO OPOIHOTO MAaccHBa. AHAIN3 N3MEHEHHS KOHTYPa BBIPAOOTKH IIPU pacye-
Tax ¥ HaTypHBIX 3aMepax IIO0Ka3all BBICOKYIO CTEIEHb TOYHOCTH ONHUCAHUS Ne(POPMANMOHHBIX MPOLECCOB, MPOTEKAO-
IIMX B MOPOJHOM MaccuBe. KadecTBeHHbIC H3MEHEHNUS HANIPSKEHUH B BEIOPAaHHBIX aHKEPAX MPH JBMKCHUH IIIOCKOCTH
OYHCTHOTO 32005 COOTBETCTBYIOT 110 BUly KPUBBIM IPAa()MKOB, IOTYYCHHBIX B PE3yJIbTaTe PACUETOB.

Hayuynast HoBu3HAa. BriepBble IPEAJIOKEH U UCIONIb30BaH KOMIUIEKCHBI MHOTOKPUTEPUAIbHBIN ITOAXO UL OIpe-
nenenusi 3QdeKTHBHOCTH BHIOPaHHOM CXEMBbI KpEIIeH!sI, OCHOBaHHBIH Ha 3aMepax MepeMelIeHUi KOHTypa BhIpaO0OTKU
U BHYTPEHHUX YCHWJIMH 3JEMEHTOB KPEIUICHHMs, O3BOJISIOIINI OLEHUTh a/IeKBaTHOCTh BHIOPAHHOW BBIYMCIIMTEIHLHON
CXEMBI ITPH IPOrHO3UPOBAHUN U3MEHEHHSI COCTOSHHS T€OMEXaHNYECKON CHCTEMBI.

IpakTHyeckasi 3HAYNMOCTB. Pa3paboTaHHass HOBash METOJMKA IMOATBEPKAEHHUS 3(PPEKTUBHOCTH BBIOOpA ONTH-
MaJIBHOM CHCTEMbI NOAJIEP)KaHHsI BHIEMOYHOM BBIPAOOTKH MO3BOJISIET KOMIIJIEKCHO COKPATHTh 3aTpaThl Ha IPOBE/ICHHE
MIPOEKTHBIX MEPOIPUATHH ¥ YMEHBIIUTH M3AEPKKH IIPOU3BOACTBA MPU YCTAaHOBKE M dKCIUTyaTanuu kpenu. [Tonrsep-
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JKJIEHHE COOTBETCTBHS PE3YJIbTATOB PAcYETOB HAINPSIKEHHO-Ae()OPMUPOBAHHOTO COCTOSIHUSI T€OMEXaHUYECKOW CHCTe-
MBI M JaHHBIX HATYPHBIX 3aMEPOB MO Pa3IMYHBIM KPUTEPHUSIM HaNpspDKeHUH 1 nedopmanuii odecrieunBaeT BO3MOXKHOCTh
UHTEPIOISLUN BBIYUCIUTEIBHOW MOJENIU Uil TNPOMJICHHBIX M MNPOCKTUPYEMBIX BBIPA0OTOK B CXOXKHX T'OPHO-
IeOJIOTUYECKUX YCIOBUSX.

Kniouesvle cnoea: nopoonwvlii  maccus, 6vipabomxa, HANPAHCEHHO-0ePOPMUPOBAHHOE COCMOSIHUE, HAMYPHbL
IKCHEPUMEHM, AHKepa, KOHMYP 8blpaOOmKU
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