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Abstract

Purpose. To substantiate changes in stress-strain state of rock mass in the process of long-pillar mining with the help of
double-unit longwalls while evaluating stress of a mine field in terms of Lvivvuhillia SE mine.

Methods. Analysis of the plans of mine workings has become a basis for the evaluation of physical and geometrical pa-
rameters of a support pressure area of the double-unit stopes depending upon mining and geological as well as engineering
conditions for n+° coal seam extraction. 3D model of the rock mass has been rendered using SolidWorks 2019 software. The
geomechanical model of the rock mass is based upon the specified output data concerning actual operating schedule of 1018
and 1019 double-unit longwalls (numbers of the longwalls are changed as it has been required by the authorities of
Lvivvuhillia SE) in terms of n,” seam and support patterns of the development mine workings in Lvivvuhillia SE mine. Each
component of the support was modeled as a separate part with the relevant geotech data. Behaviour of the expansion of the
rock mass stress-strain state within the selected point has been analyzed by means of sections at the specified plane.

Findings. Rendering algorithm of 3D model of rock mass in terms of long-pillar mining of a coal seam using double-unit
longwalls has been developed. A geomechanical model of the rock mass has been substantiated depending upon the mining
and geological mode of occurrence and engineering parameters of coal mining process.

Originality. Nature of the support pressure area formation in front of a stope as well as along the extraction pillar length has
been analyzed. It has been identified that if stopes are within one and the same plane, interconnection of their frontal support
pressure areas as well as walls of the development workings take place. In this context, adjoining entry acts as the extra
destressing technogenic cavity in addition to its proper functions.

Practical implications. Output data to make recommendations concerning the efficient mining parameters and methods for
rock pressure control have been identified relying upon the analysis of stress-strain state of rock mass in the process of the
operation of double-unit longwalls. Visualization of the principles of formation of the stress-strain state of support pressure
area and evaluation of the rock mass condition have shown that the maximum reduced stresses reach 70 MPa in terms of
18 m width of the support pressure area.
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1. Introduction ees. Unfortunately, urgent retraining of personnel and gain-
ing practical experience takes place when the equipment is
operating [8]. Consequently, not infrequently mining enter-
prises start using new more modern facilities unwillingly
preferring job-proved mechanized systems and other extrac-
tive mechanisms [9], [10].

Currently, it is proposed the technological methods of
coal mining, which are focused on combining several tech-
nologies within a single mining enterprise [11], [12], mining
coal reserves in difficult geological conditions, improving
the environmental quality [13]-[16] and processing waste on
the surface [17], [18]. New radical technologies in which the

Currently, the improved efficiency of mines is the criti-
cal and topical problem since it is focused on the improve-
ment of energy independence of our state [1]. Concentration
and intensification of mining in terms of the implementation
of innovative mining equipment is the key tendency of such
enhancement [1]-[4] However, purchase of new facilities,
unadopted to the definite mining and geological conditions,
is connected with certain risks [5]-[7]. Rather often the sub-
stantiated significant financial expenditures are followed by
the necessity to introduce changes in job skills of employ-
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mineral source is transferred to another physical state by
means of complex thermochemical transformations were
developed for extracting thin coal seams [19]-[23]. Particu-
lar attention during conventional mining is paid to the man-
agement of stress and pressure in mining to ensure the man-
ufacturability of this process [24], [25]. The creation of
artificial shells in the rock of the passage of purge mixtures
is an effective way to obtain an appropriate material and
thermal balance of gasification [26], [27]. However, these
changes require significant financial injections and reorien-
tation of production [27]-[31].

The research is aimed at the improvement of mine effi-
ciency while applying the available technological infrastruc-
ture. Increase in the involved extraction areas (i.e. mining
concentration) is one of the extensive methods to improve
efficiency of mines (in terms of invariable technical support).
It has been proved practically that the double-unit stopes
make it possible to increase drastically coal output in terms
of the reduced operating costs during the limited time inter-
vals and with extra financial injections [3], [32].

The idea of such a technological improvement is simulta-
neous putting into operation of two (sometimes three)
longwalls operating within the area of dynamic changes in
stresses developed by the stopes [33]-[37]. Moreover, their
activities will be supported by one conveyor system and a
joint district ventilation network.

1.1. Unsolved parts of the general problem

The paper authors estimate stress-strain state of rock
mass in terms of two longwalls operating without advance.
The research has been carried out under the actual conditions
of one of the mines belonging to Lvivvuhillia SE.

Rather frequently, in the context of such an operation
schedule the reserves are extracted by separate winning ma-
chines used for each of the stopes; the cut coal is conveyed by
one common scraper. The procedure involves a number of
requirements to its use [38]-[42]. First of all, it concerns high
efficiency of the conveyor system to provide the motion of total
mass of the coal cut in the two extraction pillars [43], [44]. The
abovementioned results in the increased power consumption
[45]-[47] and in the ventilation problems [48]-[51].

That is why we analyze two simultaneously operating
longwalls (i.e. in one line) but equipped with absolutely
autonomous mechanized systems. The only common belt
entry is used for common conveying of the cut coal. On the
other hand, such an operation schedule will make it possible
to analyze in future the technical and technological as well as
geomechanical situation in terms of other spatial representa-
tion of stopes.

1.2. Research tasks

The purpose of the paper to analyze stress-strain state of
rock mass in the process of long-pillar mining using double-
unit longwalls involves solution of the interrelated problems:

—analysis of mining and geological as well as engineer-
ing characteristics of the site under study; collection of the
data concerning stress-strain properties of the analyzed area,
materials etc.;

— development of geomechanical model of rock mass in
terms of long-pillar mining using double-unit longwalls;
substantiation of the model parameters;

— performing a calculation experiment to form database
as for the model; verification of the research results;
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— identification of rock mass stress values being the data
for recommendations concerning efficient reserve mining
using the double-unit longwalls and rock pressure control.

2. Methodology

2.1. Initial modeling data

Mining and geological as well as technical and techno-
logical situations of one of Lvivvuhillia SE mines are the
initial modeling data. Within a site, where coal is mined from
n;®> seam, use of the double-unit stopes with their functional
lagging from one another has been proposed to improve the
efficiency of mining. The distance is determined by the
means of geomechanical stability of the mine workings,
ventilation, and economic expediency.

Within the site to be mined, coal seam is rather continu-
ous as for its thickness and hypsometry. Geological thickness
of the deposit is 0.90-1.60 m; its average mining thickness is
1.24 m. Therefore, minor undercutting of wall rocks is in-
volved inside the site of a mine field. Relying upon lithologi-
cal structure of the carbonous formation, it is expedient to cut
the seam roof.

Clarain-durain humus forge coal according to Ukrainian
coal rank (volatiles in wt — 30 %) with fusain inclusions oc-
curs within the mine field share. The coal is slightly fissured; it
is not prone to spontaneous combustion. Coal dust is explo-
sive. Contacts of the coal seam with surrounding floor and
roof rocks are smooth and clear enough with minor substitu-
tion of the power generating coal by sapropelite inclusions.

2.2. Geology

The seam floor is represented by sand shale sometimes
interlaying with sandstone. Aleurite is dark grey within the
upper share of a lumpy structure of a “kucheriavchyk” type
(so called “curly” exfoliating rocks) with phytoleims. It is
laminated, micaceous lower through the geological section.
The seam thickness is up to 5.65 m.

Stable sand shales and sandstones occur within the floor
rocks. Rock stratification under the coal seam results in the
impossibility to separate clearly the floor into the immediate
floor and basic one. Hence, in terms of the standard classifi-
cation, the seam floor is considered as a stable. The rocks
intersect the coal seam as straight lines with kucheriavchyk
(less stable carbonized form) appearing on the contact. Total
thickness of the floor rocks varies from 5.2 to 11.1 m.

The data obtained according to structural columns of pro-
spect wells, help understand that the immediate roof of the
coal seam is represented by semi-solid and semi-stable clay
shale (aleurite and argillite) with 1.32-3.91 m thickness var-
iation. The averaged values of physical, geological, and de-
formational characteristics of carbonous formation are shown
in the Table 1.

On the contact with the coal seam, a lower part of the
immediate roof is represented by coal-clay shale or by sapro-
pelic coal which failures right after outcropping in the pro-
cess of coal mining. Slickensides are observed on clay shale
and coal-clay shale contact. In terms of a tectonic structure,
sites of the two longwall (we mean: longwalls 1018 and
1019; changed at the request of Lvivvuhillia SE authorities)
is characterized by average complexity. Intensity of the im-
mediate rock fracturing corresponds to the general trend of
the fissures (in terms of the two systems: northeast (basic)
directivity and northwest one) being 3-6 fissures/m.
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Table 1. The averaged values of physical, geological, and defor-
mational characteristics of carbonous formation of nz°
seam in one of Lvivuhillia SE mines

No  Name m I\/Tlga I\/Flzlga # £ kgﬁﬁﬁ deg{/)r’ees C, MPa
Floor
1 Sandstone 8.0 437 23 0.22 13232 2610 20-23 22
2 Aleurite 33 489 33 019 11341 2650 25-35 1.5-2.0
3 Sandstone 3.0 116.6 4.3 0.32 26435 2640 25-35 2.2
4 Coaln® 095 245 18 0.17 3160 2560 25-35 1.0-1.3
Immediate roof
5 Argillite 1.0 229 13 022 3453 2670 25-35 1.5-2.0
6 Aleurite 0.6 549 34 025 11441 2660 25-35 1.5-2.0
7 Argillite 25 229 13 022 3453 2670 25-35 1.5-2.0
The basic roof with loaded rocks
8 Aleurite 21 453 24 024 9560 2640 25-35 1.5-2.0
9 Sandstone 3.6 64.7 23 0.24 16892 2630 25-35 2.0
10 Coal n; 1.2 253 17 016 3145 2660 25-35 1.0-1.5
11 Argillite 1.1 159 09 020 2342 2750 25-35 1.5-2.0
12 Aleurite 06 150 0.8 0.20 2432 2640 25-35 1.5-2.0
13 Argillite 23 254 0.6 025 4439 2670 25-35 1.5-2.0
14 Aleurite 3.0 170 12 022 2542 2670 25-35 1.5-2.0
15 Sandstone 3.6 634 2.7 028 17844 2640 32 2.0
16 Aleurite 1.0 330 18 025 7122 2660 25-35 1.5-2.0
17 Sandstone 0.9 541 2.4 024 14421 2630 32 2.0
18 Argillite 1.2 434 0.6 024 7440 2660 25-35 1.5-2.0
19 Aleurite 06 360 19 023 8133 2670 25-35 1.5-2.0
Bridge rock
20 Aleurite 12 181 1.0 0.21 4184 2650 25-35 1.5-2.0
21 Sandstone 59 433 21 0.25 13741 2600 21-24 23
22 Argillite 42 232 08 025 4232 2665 25-35 1.5-2.0
23 Burden 321.0 445 12 022 7172 2590 20 1.8

The seam main roof is represented by dense mica sand
schists with horizontally layered structure. Within the mine
field site, the main roof thickness varies from 3.81 to 6.15 m.

Caving step of the immediate roof is:

—lip— 1.3 minitial;

— li; — 0.8 m the following.

Caving step of the main roof is:

— (Imo) — 12-16 initial;

— (Im1) — 6-10 m the following.

The first rigidity layer (i.e. bridge rock) occurs over the
main roof rocks almost at 25-30 m distance from n;® seam
roof. The bridge rock is represented by sandstone-argillite
interlayers. Caving step of the rocks is more than 80 m. It
should be mentioned that the mined-out coal seam n; occurred
between the main roof and the bridge rock. Its extraction re-
sulted in partial destressing of the rock mass. Hence, the bridge
rock “supports” on the rocks of a formation in front of the stope
and on the caved rocks behind a working ranges of the
longwall. Within the stope space, elastoplastic deformations of
the bridge rock are observed. Hence, at the rock height, the
mechanized support of the stope will not be surcharged.

2.3. Technical and technological
support of the extraction process

To mechanize mining in the two stopes the powered
MDM systems with section of the powered support DM will
be applied. Coal shearers RKU-10 will be used as mining
machines in the first longwall and UKD 200-250 in the sec-
ond one. SP-26U scrapers will convey the cut coal from the
rock mass along the longwall. Oil-pumping station SNT 32
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will supply a working mixture to the powered system to
maintain pressure of emulsion.

Extraction pillars of the mine longwalls 1018 and 1019
have been outlined by boundary entries 1018 and 1020, and a
belt entry 1019 respectively. Three-component arcwall flexible
support AP-3 was applied for the development mine workings.
Cross-sectional area of the development mine workings is:
10.3 m? for boundary entry 1018; 10.3 m? for belt entry 1019;
and 10.6 m? for boundary entry 1020. Belt entry 1019 will
become a mother entry for both longwalls. It will be used to
convey the cut coal to the main haulage roads. Then, the coal
will get to a hopper and skips will deliver it to the surface.

Hence, formulation of the scientific and applied problem
is to provide the required support stability of both mine
workings and development workings for the period of coal
extraction from the two stopes. The abovementioned in-
volves solving a problem concerning determination of inter-
action in the context of geomechanical environment-
technogenic space system in terms of simultaneous mining of
two double-unit stopes. Further research should identify
lagging (distance) boundary between the stopes of longwalls
1018 and 1019. The activities are intended to determine
efficient distances of advance of the longwalls during their
simultaneous operation.

2.4. Formation of the simulation model

Relying upon the print-out of plans of longwalls 1018
and 1019 in a mine of Lvivvuhillia SE, we have formed a
visualizing model of the mine field site with outcropping in
terms of the two provisional contact planes: floor of the coal
seam (area of rock caved behind the longwall), and the coal
seam roof (front abutment pressure). Figure 1 demonstrates
the model. Stress-strain state of the rock mass should be
analyzed right for the outcrop area. Moreover, the fact that
geological parameters of stopes and lithological structure are
simulated with the use of principles of statistical modeling of
the reality, should be taken into consideration. Physical pa-
rameters are variables. Thus, the known principles for stress-
strain state of rock mass evaluation will be applied.

Boundary
entry 1018

Boundary

Belt entry 1019
= entry 1020

Figure 1. 3D section of the rock mass models in terms of long-pillar
mining of n7® coal seam using the double-unit longwalls

Relying upon lithological structure of the roof rocks and
rock pressure control in the mine (complete caving,
lio=1.3m; and l;; = 0.8 m), it is possible to conclude that
the immediate roof will cave right after the stope advance.
According to the available deformation characteristics of
the carbonous formation (prior geological forecast of the
mines on the data of prospect wells), average uniaxial
strength of the stratified sand shales within the main roof is
Rc = 23.2-31.1 MPa. Softer rocks occur between the main
roof and the bridge rock (the first rigidity layer). Uniaxial
strength of the softer rocks is 19.0-24.1 MPa.
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Consequently, deformation of the rocks depends upon the
main roof rock fault. Since strength of the interlayers exceeds
relevant indices of the main roof within the certain areas,
overhanging of the rocks is possible as well as the develop-
ment of stratification areas within the percarbonic formation
and high rock pressure areas. First of all, it will depend upon
stope advance and possibilities to destress the rock mass.

Since the evaluation of stress-strain state of rocks around
mine workings will involve software package based upon
the development of finite-element system of the environ-
ment, the amount of rocks being analyzed should be approx-
imated with the help of certain freeform discrete
elements [52], [53]. In terms of the solids, it is required to
simulate the basic physical and mechanical characteristics
being typical for the rock mass within the specified area
under analysis [54], [55]. Water filtration processes in these
terms must be also considered [56]-[58].

Formation of the model and the research should involve
interpolation of subordination of the key factors and determi-
nation of their interaction through communication
nodes [59]-[61]. Practically, the nodes are vertices of the
solids with the help of which the carbonous formation is
divided into the separate elements. They are the benchmarks
to evaluate stress of the analyzed areas and volumes [63],
[63]. Changes in the rock mass stress is identified by means
of identity of values obtained between them. Accuracy of the
final results is provided owing to the use of the relevant prin-
ciples of elastoplastic or plastic deformations and densifica-
tion or coarsening of networks of the solids depending upon
the required accuracy of the final results [64]-[66].

Essential freedom in the formation of parameters of the
modeled ultimate parts is the positive feature of such an
approach to determine stress and strain characteristics of the
rock mass [67]-[69]. In addition to the normatively estab-
lished values (i.e. rock resistance to uniaxial pressure, ten-
sion, and cut; volume deformation modulus; volume weight;
elasticity modulus; coefficient of internal friction; adhesion
factor and other specified parameters), each inciting factor
makes it possible to introduce additional coefficients and
factors to provide correspondence of the final results of
stress-strain state as well as the behaviour of the certain
model object, and nature object rocks [70]-[72].

The modeling process also involves geological structure
variation, changes in the coal seam hypsometry as well as
surrounding layers of intact rocks, their thinning or replace-
ment by other structures [73]-[76]. Setting simplicity of the
environment discontinuity, adding of the required character-
istics to the definite components also helps simulate ade-
quately changes in technical and technological situation.

2.5. Algorithm for the data entering, processing,
actualizing, and results withdrawing

The process of preparing the geometrization data and to
develop finite-element models and to analyze stress-strain
state should involve a clear procedure [19], [77]. That is why
to simulate mining and geological as well as technological
conditions of longwalls 1018 and 1019 in one of Lvivuhil-
lia SE mines, we applied following algorithm for the data
entering, processing, actualizing, and results withdrawing:

—analysis of lithological variation and determination of
physical characteristics of certain rocks;

— limitation of modeling geometry (i.e. height, width, and
length of the area being modeled) available in the technogen-
ic cavities of stopes and development mine workings;
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— use of regularities of elastic as well as elastoplastic de-
formations to evaluate strength of the areas under analysis;

—selection of the ultimate object shape (i.e. elements of
the area being modeled) to simulate the rock mass stress:
regular triangular pyramid,;

— determination of the values of extra applied stresses;

—modeling of a finite-element network of the rock vol-
ume under analysis with its densification while nearing
working spaces of stopes and development mine workings;

— determination of the boundary modeling conditions and
identification of limits within which relevance of the final
result will be provided;

—the modeling sequencing in accordance with the regu-
larities of conservation of mass, energy, and potential for
their exchange in the contacts of ultimate figures;

—setting of appropriate structural feature and physical
characteristics to geological bodies of the coal seam and to
surrounding dead rocks;

— actualization of the model formation to increase proba-
bility degree of the obtained final results;

— determination of regularities of stress field expansion as
well as deformation characteristics of the rock mass;

— withdrawal of the final results in the form of visual repre-
sentation of distribution of the stress model as well as values
of the roof rock displacement in terms of the certain planes.

Hence, using the stresses, the modeling helps determine
rock displacement and stress distribution within the areas of
support pressure of the rock mass. In our case, the data will
be applied to evaluate relevance of the mining equipment
intended to be used under the specific mining and geological
conditions of the double-unit 1018 and 1019 longwalls in one
of Lvivuhillia SE mines.

The averaged physical, geological, and deformational
characteristics of the rock mass within a site of the meant
double-unit 1018 and 1019 longwalls will be output data of
the modeling. The carbonous formation involves n;° coal
seam which is planned to be mined with the help of the pow-
ered systems MDM.

The developed in Dnipro University of Technology soft-
ware for the coal seams mining simulation [78], [79] unfor-
tunately have some problems of its implementation. So,
popular software program SolidWorks 2019 corresponds
entirely to the ideas of modeling, determination of stresses
and deformational characteristics of rocks. It is based upon
the use of the known Hoek-Brown criterion [80], [83]. Rely-
ing upon the statistical processing of homogenous rocks, the
criterion describes rock mass disintegration. Moreover, it is
also a standard to provide output data in the process of un-
derground mine working design in terms of various rock
masses. It has been derived while determining boundary
strength values of the undisturbed rock mass. The research
has been carried out by Everet Hoek [84]. Then the criterion
was improved while identifying behaviour of certain samples
under the deformation within continuous system with mass
preservation (Brown’s principle) [85].

Practical background of Hoek-Brown criterion relies up-
on empirical deformational characteristics using the princi-
ples of continuum mechanics [86], [87]. The criterion is
added by the relevant compensation factors to identify higher
correspondence to the actual conditions. The authors connect
the empirical coefficients with the results of real observations
about the behaviour of geological and lithological structures
of the analyzed sites of the mine field.
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3. Results and discussion

The modeling corresponded to the generally accepted ap-
proach by means of developing a network of finite-element
units. As it has been mentioned, triangular component, being
a basis of a regular pyramid, has been taken up as the ulti-
mate flat component to shape the model. Lithological and
structural features of rock mass of the modeled area are
simulated with distance changes between the stopes from 0-0
m (the double-unit longwalls) up to 60 m (maximum distance
at which the longwalls operated within “the double-unit
longwalls” system) with 20 m pitch. However, the paper
considers formation of model one only, anticipating that the
distance between 1018 and 1019 longwalls is 0 m (advance
level is 0-0 m).

Evaluate field stress of the analyzed areas with the help
of determination of the reduced stresses. Figure 2 shows
volumetric representation of a model of stress-strain state of
the rock mass obtained with the help of SolidWorks 2019
software in terms of the double-unit mining longwalls under
the specific conditions of one of Lvivuhillia SE mines.

Boundary

von Mises (N'mm"2 (MPa)
entry 1020 57

000

Belt entry 1019

Boundary
entry 1018

Figure 2. 3D section of a model of the reduced stresses of the rock
mass in the process of long-pillar mining of a coal seam
using the double-unit longwalls (distance between the
longwalls is 0-0 m)

The use of the software package SolidWorks 2019 has
made it possible to represent adequately the rock mass condi-
tions when principles of dynamic, kinematic, and static simi-
larity are kept. The important component of the development
of such models has become the fact that a possibility arises to
evaluate stress of the selected extraction pillar with the pro-
vision of the geometry immensity in accordance with the
conversion factors making it possible to effect identity be-
tween relevant dimensions of the modeled object and nature
object (static similarity).

Principles of kinematic similarity were applied to form
correspondence between physical stress parameters of sup-
port pressure during certain time period; changes in it during
the stope motion along the extraction pillar was simulated
according to the dynamic similarity principles.

Visual simulation of the reduced stress values makes it
possible estimate expansion of tensile deformations as
well as compressive ones. On the other hand, differentiation
of a stress field of a rock mass is the variable helping deter-
mine loads applied to the supports of the development mine
workings and stopes.

Provision of relevant parameters and evaluation of the
field stress on the basis of the determined reduced stresses oo
show how it is difficult to acquire the visual information due
to the immensity of the obtained geometrical and physical
parameters of the model. Moreover, verification of the mod-
eling results has shown definite noncompliance of the results

89

concerning rock mass behaviour with the actual situation.
That is why we interpolated the reliability of the final results
of the model object and nature object with the help of the
common principle mentioned in paper [88]. It is provided by
the use of so-called conformity factor:

M

where:

Kn and Kp—relevant dimensions or parameters of the
qualitative characteristics of the nature and the model being
simulated.

The data interpolation involved principles of rock mass
stress evaluation based upon underground experiments de-
scribed in reasonable detail by papers [88], [89]. Also, due to
the fact, that in Ukraine to establish the loadings on the mech-
anized complexes is used the value of the ton-forces per square
meter (tf/m?) instead of megapascals (MPa), these value is
used in estimating the field strength. The research was carried
out using eight separate measuring stations in the place of the
stopes and along the extraction pillar (by four in boundary
entries 1018 and 1020). Unfortunately, it was impossible to
carry out the research in a belt entry 1019 since the mine
working was filled right after the longwalls were mined.

It should be noted that the research results within a
longwall are compared with the values obtained in terms of a
measuring station one along the extraction pillar length.
Hence, the paper will focus on the changes in the field stress
in the process of advance of the stopes. The total characteris-
tic of distances of the measuring station in terms of the ex-
traction pillar length is:

—measuring station 1 — at the level of the stopes (maxi-
mum stresses);

— measuring station 2 — at the 1/6 (l;; +l;) distance from
the stope plane;

— measuring station 3 — at the 1/3 (l;; +l,) distance from
the stope plane;

— measuring station 4 — at the 2/3 (l3; +l;) distance from
the stope plane.

To represent the analyzed area visually with singling out
of the parameters to be identified while evaluating stress-
strain state of the rock mass under certain mining and geo-
logical conditions, we will demonstrate a diagrammatic view
of stress changes for the studied double-unit stopes.
onaxo = 19.0 MPa value, identified in a mine, will be taken up
as the basis of for gradient stresses. The absolute stress values
were also obtained owing to experiments in terms of station 4,
making it possible to consider the distance as that at which a
conditional area of the rock mass stabilization is formed. Dia-
grammatic view of the coupled stopes shown on the Figure 3.

Relying upon the representation of stress-strain zone
formation, it is possible to conclude that the determination of
physical and geometrical parameters of the support pressure
area is to define variable parameters X; (being a value of the
support pressure area expansion) and omaxi (being a value of
the total stress maximum) in terms of constant total values of
lengths of the longwalls (l1; 1.). It should be mentioned that
the lengths of the longwalls are I; =185m and 1,=200m
respectively. Analysis of the rock mass behaviour helps draw a
conclusion that in addition to its technological functions, belt
entry 1019 also plays a role of a technogenic cavity being a
source destressing carbonous formationn for the both stopes.
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Figure 3. Diagrammatic view of the coupled stopes in terms of 0-0
position (the double-unit longwall): X; — variable of the
support pressure zone expansion, m; dlo — half of the
length of double-unit longwalls, m; 11 and |2 — lengths of
the longwalls; and emaxi —variable of the total stress
maximum

To visualize the pattern of the support pressure for-
mation, represent diagrammatic views of changes in the
reduced stresses within the mentioned characteristic points
(i.e. measuring stations). Since the stress values at a measur-
ing station 4 are constant, there is no necessity to demon-
strate them graphically. Figure 4 shows the curves.

Basing upon the stated expansion of the expanded stress
field we find it necessary to identify formation of maximum
stresses in the process of mining of the mentioned double-
unit longwalls. Figure 5 demonstrates a histogram of spatial
changes in the reduced stresses. Table 2 demonstrates the
physical and geometrical values characterizing changes in
the stress-strain state of the rock mass within a support
pressure area.

According to the graphs, shown in Figure 4, and relying
upon the derived dependences it is possible to conclude that
changes in spatial expansion of the reduced stresses can be
represented in the form of the 3" degree polynomial depend-
ences. They depend upon empirical coefficients (a;, b;, ci, and
di) and may be formulated as follows:
Yi = aix3 —biX2 +CiXidi .

@

Table 2. Physical and geometrical parameters of a support pressure area in the process of the double-unit longwall operation

Physical and geometrical parameters of a support pressure area

Parameters
Distance from a conditional plane of the stope to the rock mass depth, m
X o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Stress changes along the support area length, tf/m?
Oaxt 0 140 290 430 530 620 575 525 465 400 325 250 190 190 190 190 190 190 190
Ouax2 0 70 160 250 330 390 470 460 440 415 370 340 315 275 225 190 190 190 190
Cruaxd 0 55 140 195 255 300 345 370 355 345 335 320 310 290 270 250 225 205 190
70 . R
1— y=0.067x-2.51x*+21.82x 70 ‘ ‘
R?=0.9494 [ -62
© V3 |
60 < 60 \
2 — y=0.017x-0.99x+12.18x =
R?=0.9388 B 50 \
S50 2 ‘
= y =0.016x>-0.756x*+9.99x % 40
O R®=0.9705 & 30 |
@ 40 £
ﬁ g |
% E 20
530 210 |
5 RN |
= 20 0 10 20 30 40 50 60 70 380 390 400410 420 430 440 450
Length across double-unit longwalls (L), m
10 Figure 5. Histogram of spatial changes in the reduced stresses
within the area of effect of the double-unit longwalls
Oo 2 4 6 8 10 12 14 16 18 Represent absolute values of the reduced stress range on

Length (L), m

Figure 4. Graphical representation of the changes in the reduced
stresses within a support pressure area of the double-
unit stopes: 1-3 measuring stations

Idealize the mining and geological conditions to generalize
the results. Assume that our double-unit longwall is surround-
ed by the undisturbed rock mass. Hence, range of values of the
reduced values is within ¢ (-o0; +00). Consequently, start of
the stress changes from gradient ones is in some provisional
spatial point to be considered as a zero reading. Draw the
abscissa from the point in parallel with a line of the stopes.
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the y-axis. Hence, within the determined distance from 0 (X;)
for Ly the stresses increase up to their maximum. Then (L:-L»
interval) their stabilization takes place, and decrease down to
gradient ones (L.-Ls interval). In general, changes of a field
stress of the two double-unit longwalls may be demonstrated
in the form of following dependences:

yp =kyH if y¢(—o0;0]; A3)
y, =aX +b if ye(0;Ly]; (4)
Y3 = Ymax = Omax If yf['—li |—2) ; )
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ys=-aX +b if ye['—zi'—s)i (6)

ys =kyH if y&(Lg;+), (7
where:

kyH — a value of gradient stresses, MPa?;

a and b — the values of the empiric coefficients character-
izing mining and geological as well as technical and techno-
logical situation of the analyzed sites.

So, it is possible to conclude that maximum of the re-
duced stresses of a support area of the double-unit stopes
varies sectorally in terms of linear dependences along a
provisional line located conventionally in parallel with the
stopes. In this context, they are characterized by their gradu-
al increase along the extraction pillar, stabilization along the
longwalls, and gradual decrease while distancing from the
stopes. The abovementioned makes it possible to forecast
stress-strain state of rock mass in the process of mining
concentration and to control rock pressure efficiently during
coal extraction.

4. Conclusions

Use of the double-unit longwalls is one of the tendencies
of mining concentration. Notably, such technical and techno-
logical improvement needs no extra financial injections since
it is focused on the available mining equipment. Correct
decisions concerning the rock pressure control as well as the
basic operational schedules intended to mine coal and convey
it, to support stopes and other measures, connected with
provision of a mine site activities, help decrease power con-
sumption drastically as well as expenditures for conveyance
and support of mine workings. Finally, that results in the
decreased prime cost of the coal.

The research has identified that formation of a support
pressure area depends upon lithological and geological struc-
tures as well as upon physical characteristics of carbonous
formation rocks. It is possible to define the area using
SolidWorks 2019 software package and to verify the results
with the help of underground experiments. Changes in the
reduced stresses of carbonous formation have become the
criterion for the field stress evaluation.

Maximum stresses are verified sectorally by means of
linear dependences. Their maximum is at a certain distance
from a stope plane. Gradual destressing is observed along
the extraction pillar; they decrease down to gradient ones in
the 2/3-3/2 interval of the longwall length. The final stress
values are the basis to identify loads on the supports of
mine workings and development workings. In turn, that
helps select adequate technical and technological equip-
ment for mining operations as well as methods of rock
pressure control.

Verification of the data with the help of underground
experiments has made it possible to obtain maximum credi-
ble results.
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JocaixaxeHHst 3MiHU HANIPYKeHO-1e()OPMOBAHOI0 CTAHY MACHBY IIPU POOOTi 31BOEHUX JI1aB

P. IuuxoBcekuit, . [llaBaperkuit, I1. Caik, B. ®ansmruacekuii, E. Kabana

Meta. OOrpyHTyBaHHSI XapakTepy 3MiHH Hampys>KeHO-A1e(OPMOBAHOIO CTaHy TiPCHKOr0 MAacHBY MPH CTOBIIOBiil cucTeMi po3poOri ByTi-
JIHOTO TIacTa 3BOCHUMH JIaBaMH IIUIIXOM OLIHKH HAMPY>KEHOCTI TUITHKH MIaXTHOTO MOJI Ha npukiaai podotu maxtu JAI1 “JIpBiBBYyTrimis”.

Metoauka. Ha ocHOBI aHami3y IU1aHiB TipHUYUX BUPOOOK MPOBOJUTHCS OLiHKA (DI3MYHMX Ta TECOMETPHYHHX MapaMeTpiB 30HU OIOPHOTO
TUCKY 3IIBOEHHX OYMCHUX BHOOIB 3aJI©)KHO BiJ TIPHUYO-TEOJIOTIYHUX Ta TIPHHYO-TEXHIYHUX YMOB BiJIpaIfOBaHHS BYTUIBHOTO ITacta N7".
Pennepunr 3D Mopmeni TipChKOTO MAacHBY 3[iMCHIOBABCS 3a JOMOMOTOI0 mporpamMHoro npoaykry “SolidWorks 2019”. B ocuoBy mo0ymoBu
reOMeXaHIYHOI MOJIeNI TipChKOr0 MacHBY NPHUHHATI BUXIJIHI JaHI IIOJ0 PeIbHUX YMOB IpH poOoTi 31BoeHNX jdaB Nel018 ta 1019 (Ha3zeu
naB 3MiHeHO Ha BuUMory kepiBHunTsa JII1 “JIpBiBByrimia”) mo mmacty N7* Ta NMACHOPTIB KPIIUICHHS MiArOTOBYMX BHPOOOK INAXTH
JTII “JIeBiBByTimnsa”. KokeH eeMeHT KpiluIeHHs] MOJIETIOBABCs SIK OKpeMa JeTallb, 3 BiJTOBITHUMHA (i3MKO-MEXaHIYHUMH BIIACTHBOCTSIMU.
XapakTep pO3MOBCIOJDKEHHS HAMpPYXeHO-1e(hOPMOBAHOTO CTaHy TipCHKOTO MAacHBY y BHOpaHii TOUI JOCIIKYBaBCs LIISIXOM CTBOPCHHS
PO3pi3iB y 3a/aHii IUIOMIKHI.

PesyabTaTn. Po3pobnenuii anroputm peraepuary 3D mMozmeni TipcbKoro MacuBy IpH CTOBIOBIH crcTeMi po3poOKH BYTiIBHOTO IJIacTa
31BOEHIMH JJaBaMH. OOTPYHTOBAHO T€OMEXaHIYHY MOJEINb TiPChKOT0 MacHBY 3aJISKHO BiJl TpHHYO-TEOJOTIYHUX YMOB 3aJIsiTaHHA Ta TipHH-
YOTEXHIYHHUX MapaMeTpiB BeJCHHS IPOIECY BUIOOYBaHHS BYTLIIIA.

HayxoBa HoBH3HA. [lOCTIDKCHO XapakTep (OpMyBaHHS 30H OHNOPHOTO THCKY IIONEpely OYMCHOTO BHOOIO Ta B3[OBX BHIMAIBHOTO
cToBna. BcraHoBNeHO, IO NP 3HAXOJ/DKEHHI OYMCHHUX BHOOIB B OZHIH IUIOIIMHI BiOyBaeThCs 00’ €AHAHHS X (POHTAIBHHX 30H ONOPHOTO
TUCKY Ta OOKIB MiArOTOBYMX BUPOOOK. [Ipy IIbOMY CyMiXXHHUI IITPEK OKPiM BUKOHAHHS CBOIX TEXHOJOTIYHHUX (QYHKIl BUKOHYE pOJIb H0Ja-
TKOBOI pO3BaHTaKyBaJIbHOI TEXHOTE€HHOI TOPOKHUHH.

IMpakTHuna 3HaynMicTh. Ha OCHOBI JoCHi[KeHb HampyKeHO-Ae(OPMOBAHOTO CTaHy TiPCHKOr0 MacuBY HpH POOOTI 3IBOEHUX JaB
BCTaHOBJICHO BUXiJHI JaHi AJIs pO3POOKH peKOMEHAMIN 100 palioOHATbHUX MapaMeTpiB BeACHHs TiPHUYMX POOIT Ta COCOOIB yIpaBIiHHS
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ripcbKMM THUCKOM. BizyanbHe BinoOpakeHHs NPUHUMIIB (GOPMYBaHHS HANpPY>KEHO-Ie(OPMOBAHOIO CTaHY 30HH OIIOPHOT'O THCKY Ta OLIHKH
CTaHy MacHBY MOKa3aJjo, I10 MaKCHMaJIbHI IPUBE/ICHI HanpyxeHHs gocsaraiots 70 MIla npu muprHi 30HH OMOPHOTo THCKY 18 M.
Knruoei cnosa: waxma, gyeinns, 2ipcokutli Macus, 3080€Hi OYUCHI 8UO0T, BUPOOKA, HANPYIHCEHO-0ePOPMOBAHUL CMAH

Hcciienopanne u3MeHeHUsl HANIPSIKEHHO-1e(hOPMHPOBAHHOTO COCTOSTHHSI MACCHBA NPHU paboTe CIBOEHHBIX J1aB

P. dpraxoBckuii, S. lasapckuii, I1. Cauk, B. ®anpmruackuit, D. Kabana

Heas. OGocHOBaHKE XapaKTepa M3MEHEHHUs HalpshKEHHO-Ae(OPMHPOBAHHOTO COCTOSIHHSI TOPHOTO MacCHBa IPHU CTOJOOBOH cucTteme
pa3paboTKe YrolbHOTO IUIacTa CABOCHHBIMH JIABAMH IIyTEM OLICHKU HANpPSHKEHHOCTH y4acTKa LIaXTHOTO IIOJIsl Ha TpuMepe paboThI MIaXThI
I'TI “JIsBOBYTOMB”.

Metoauka. Ha ocHOBe aHanu3a IJIaHOB TOPHBIX BBIPAOOTOK MPOBOAUTCS OLEHKA (PU3MUECKUX UM T€OMETPUYECKHX MapaMeTPOB 30HBI
OITIOPHOTO JABIEHHS CIABOCHHBIX OYMCTHBIX 3a00€B B 3aBUCUMOCTH OT TOPHO-T€OJOTMYECKHX M TOPHO-TEXHHUYECKUX YCIOBHH OTpPaOOTKH
yroJIbHOTO I1acTa N7”. Peraepunr 3D Mozeny TOPHOTO MacCHBa OCYIIECTBILIICS ¢ MMOMOLIBIO MporpaMMHoro mnpoaykra “SolidWorks 2019”.
B ocHOBY moCTpoeHHsI TeOMeXaHHIeCKOH MO TOPHOTO MacCHBa NMPUHATH NCXOIHBIC TaHHBIE O PEalbHBIX YCIOBHUSX HpH padoTe cIBO-
eHHbIX 1aB Nel1018 u 1019 (Ha3BaHMs 1aB U3MEHEHSHI IO TpeOoBaHUIO pykoBoacTa ['TI “JIpBOBYross”) 10 IIaCTy N7 ¥ MacIOpPTOB Kperure-
HUS TIOJIrOTOBUTENBHBIX BEIPa0oToK maxThl I'TI “JIpBoByrons”. Kakmblil 21eMeHT KpeIIeHHs MOJETHPOBAICS KaK OTIeNbHas JeTallb, C
COOTBETCTBYIOIIUMU (PH3UKO-MEXaHMYECKHMMH CBOMCTBAMH. XapaKTep pacHpOCTPaHEHUs HaMpsHKEHHO-AS(OPMHPOBAHHOTO COCTOSIHUS
TOPHOT0 MacCHBa B BEIOPAHHOM TOUKE UCCIICAOBAJICS ITyTEM CO3/IaHHUs Pa3pe3oB B 3aJaHHOI INIOCKOCTH.

PesyabTartel. Pazpabotannsiii anroput™m penaepunra 3D Moaenn ropHOTO MacCHBa IPH CTOJIOOBOW cucTeMe pa3pabOTKHU YrOJbHOTO
IiacTa CABOSHHBIMH JlaBaMi. OOOCHOBaHA reoMeXaHW4eckas MOJedb TOPHOTO MAcCHBa B 3aBUCHMOCTH OT TOPHO-TEONIOTHYECKUX yCIOBUIL
3aJIeraHys ¥ TOPHOTEXHUIECKHUX IapaMeTPOB BeICHUS Mpolecca JOOBIYH yTIIs.

Hayunas HoBu3Ha. VccienoBan xapakrep (OpMHPOBAHHS 30H ONOPHOTO JAaBICHHS BIEPEAN OYHUCTHOTO 3200s U BJIOJIH BHIEMOYHOTO
cTosiba. YCTaHOBIICHO, YTO IPH HAXOXKIEHUH OYHUCTHBIX 3200€B B OJHOH ITIOCKOCTH NPOUCXOJUT 00BEJHHEHNE NX (PPOHTAIBHBIX 30H OHOP-
HOTO JaBJICHASI M CTOPOH ITOJITOTOBUTENBHBIX BEIPaO0TOK. [IpH 3TOM CMEXHBII MTPEeK KpOoMe BHIOJIHEHHS CBOMX TEXHOJIOTHUECKNX (DyHK-
LUl BBINOJHSET POJIb JONOIHUTENBHOM Pa3rpy304HOM TEXHOT€HHOM MOJIOCTH.

IIpakTHYeckast 3HaYMMOCTh. Ha OCHOBe MccienoBaHM HanpsKeHHO-1e(OPMUPOBAHHOTO COCTOSHHSI TOPHOTO MaccuBa IpH paboTe
CABOCHHBIX JIaB YCTaHOBJIIEHBI HCXOJHbIE JAHHbIE ISl pa3pabOTKH PEKOMEHIALUH OTHOCHTEIBHO PAI[MOHAIBHBIX MMapaMeTPOB BEACHUS
TOPHBIX paboOT M CIOCOOOB YNpaBIeHHS TOPHBIM JAaBleHHEM. BusyanbHoe OTOOpaXkeHHE NPUHLUIOB (OPMHUPOBAHHUS HANPSKEHHO-
IehOPMUPOBAHHOTO COCTOSTHHSI 30HBI OIIOPHOTO NABICHHS M OLEHKM COCTOSHMS MAacCHBa ITOKA3aJl0, YTO MAaKCHMAaJbHBIC NPHBEICHHBIC
HanpspxeHus focturaioT 70 MIla mpu mmpuHe 30HBI OIOPHOTO JaBIeHUS 18 M.

Knrwouegvie cnoga: waxma, y2onv, 20pHblii Maccus, cOBOEHHbLE OUUCHIHbLE 3A00U, 8bIPAOOMKA, HANPAICEHHO-0eOPMUPOBAHHOE COCMOAHUE
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