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ABSTRACT

Purpose is to determine factors of effect of mechanical parameters and geometry of packs, constructed using the
undercut rocks in the process of selective coal mining, on the state of geomechanical system within a mine working-
stope junction during a computational experiment.

Methods. The computational experiments involved finite-element method to simulate three-dimensional analytical
area of the geomechanical system. Rock mass was represented by twelve rock layers and a coal seam. In the process
of the computations, neighboring rock layers displace freely relative to each other. Stresses and deformations have
been calculated within a full-size 300x160x50 m block involving undisturbed rock mass, a stope and two develop-
ment workings. Mechanical characteristics of packs were simulated using additional analytical calculations.

Findings. The calculations of a geomechanical system of a mine working-stope junction have helped determine
typical areas of the disturbed rock mass identifying a propagation mechanism of the stope roof fall taking into con-
sideration the effect of backfilling parameters. Analysis of stress-strain state (SSS) of the geomechanical system
within the stope roof, using the selected cross-sections, made it possible to define conditions of interaction of the
rock layers resulting in the roof lowering on the packs.

Originality. The identified regularities of interaction between a stope roof and backfilling components determine
optimum conditions to control a stope roof during selective coal mining. It has been substantiated scientifically that
consideration of longitudinal horizontal stresses to identify optimum backfilling parameters makes it possible to
define unambiguously both a type, and geometry of protection schemes for the mined-out area of a stope in terms of
different strength parameters and geometrical parameters of the disturbed rock mass.

Practical implications. The results have helped determine a mechanism of a stope advance velocity as well as a type
and geometry of the packs being constructed. The abovementioned makes it possible to minimize expenditures for
internal logistics; to cheapen prime cost of mining; and to improve safety of stope miners.
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1. INTRODUCTION

1.1. Statement of the problem

Selective coal mining makes it possible to solve a
number of problems arising during stoping within coal
seams which thickness is less than a meter (Glamheden
& Hokmark, 2010; Fomychov, 2012; Kovalevs’ka, Sy-
manovych, & Fomychov, 2013). However, the key initial
problem of the method is significant amount of rock,
being undercut, which was planned to hoist to the surface
originally (Dayang, 2013; Wang & Tu, 2015; Hu, Li, Hu,
Zhou, & Yue, 2018; Li et al., 2018). Nevertheless, the
development of the mined-out area backfilling with the
use of the undercut rock has helped solve the problem.

Boundaries of the method as well as its efficiency con-
cerning the protection of mine workings determines
amount of rock, being available for backfilling. Strictly
speaking, ratio between empty space of the mined-out
area, and amount of rock, being undercut, is meant (Miao,
Zhang, & Feng, 2008; Zhang et al., 2011; Zhou, Jiang, &
Zhang, 2013; Zhang, Jiang, Deng, & Ju, 2014).

The ratio defines a capability to select one of the
backfilling alternatives — either complete backfilling or
packing. Complete backfilling is possible if only height
of rocks, being undercut, is significant. The restriction is
senseless for packs since their formation provides means
for selecting distances between them (Bondarenko,
Kharin, Antoshchenko, & Gasyuk, 2013; Sotskov &
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Saleev, 2013) considered filtration processes (Chui,
Moshynskyi, Martyniuk, & Stepanchenko, 2018; Bomba,
2018). The geometrical factor is not the only one effect-
ing a format of the mined-out backfilling. In several
cases, mechanical characteristic of rocks needs optimiza-
tion of the backfilling method (Shcherbakov, Tymchen-
ko, Buhrym, & Klymenko, 2019). It depends upon the
aim to meet the requirements for the conjugated stope
and mine working. Backfilling parameters may become
the decisive factor effecting operation of the supports of
mine workings, and deformation dynamics of their
boundaries (Gornostayev, Crocket, Mochalov, & Laa-
joki, 1999; Khalymendyk & Baryshnikov, 2018).

1.2. Analysis of previous studies

Analysis of the available backfilling methods with the
use of modern powered complexes has shown that pneu-
matic techniques and mechanical techniques are the most
popular in the context of the industry (Fahey, Helinski, &
Fourie, 2009; Haibin & Zhenling, 2010; El Mkadmi, Au-
bertin, & Li, 2014). Solving certain engineering problems
(i.e. rock pressure control within stopes; mining of coal
reserves, left under the protected structures; maintenance-
free support of mine workings; and leaving of rock from
undercuts in stopes and shortwalls) involve various opera-
tion schedules aimed at rock placement within the mined-
out area of longwalls with the help of pneumatic facilities,
throwers, scraper equipment, and stowage conveyors
(Reynolds, 2002; Powell, 2003; Cao, Nemcik, & Aziz,
2010; Fan, Zhang, & Wang, 2014). For instance, paper
(Aziz & Jalaifar, 2005) analysis of rock mass mining and
loading has shown that if a stope operates according to a
one-way schedule (i.e. in two passes of a coal shearer), up
to 8% of the broken rock mass or rock turns out to be on
the floor; if a shuttle procedure (i.e. one pass of a coal
shearer) is applied then the figure increases up to 32%
along with ash content of the coal being mined.

1.3. Geology of the site under analysis

The research has been carried out relying upon
mining and geological conditions of longwall 4206 de-
velopment of C4? seam in Samarska mine (DTEK Pav-
lohradvuhillia PJSC). The coal seam C4* is of a simple
structure; its thickness is 0.69 —0.81 m; and geological
thickness is 0.74 m. Its hypsometry is undulating one;
and inclination angle is 1 — 5°. Coal grade is DH. Sand-
stone with up to 0.8 m thickness is immediate roof of the
seam; rock-hardness ratio is f=2 —4; rock category is
B1 — B3; argillite thickness is 0 — 2.5 m; rock category is
B1 — B3; and rock-hardness ratio is f= 1 — 3.

Immediate roof is represented by argillite, aleurite,
and sandstone with up to 20 m thickness; rock-hardness
ratio is f=2—4; and rock category is Al — A2. Initial
caving of the main roof is expected every other
20 — 30 m; further caving of the main roof is expected
every other 20 — 35 m. Lumpy argillite with 1 m thick-
ness is the seam floor; rock-hardness ratio is /= 1; rock
category is P1 —P2; operating depth is 150 — 180 m.
Longwall length is 250 m; working area length is
1568 m. Roof is controlled by the complete caving;
mining method is up-dip pillar technique.

The longwall watering will be connected with coal
seam C4%, coal shed, and sandstone within the main
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roof, and immediate roof. As for the covering deposits,
the prognosticated water inflow is up to 10 m3/h (it may
achieve 25 m’/h recorded while driving a haulage drift
of C4? seam).

2. METHODS

In the context of complete backfilling, take elasticity
modulus £ = 50 MPa and fragmentation degree K, =1.45
for the rocks being undermined relying upon the experi-
mental data represented in papers (Shashenko, Gapieiev,
& Solodyankin, 2009; Grigoriev, Tereschuk, & Tokar,
2015; Matkowski, Ostrowski, & Brodny, 2018). Natural-
ly, the taken value cannot be absolute ones since frag-
mentation degree of rock being undermined depends
upon its mechanical strength and coal mining method. In
turn, residual deformation characteristics of rock, used
for backfilling, are determined basing upon its fragmen-
tation geometry. Thus, the selected parameters of the
undermined rocks are both average and typical for the
considered coal mining method as well as for mechanical
characteristics of rocks in Western Donbas mines.

Consideration of the efficiency of different alterna-
tives for the worked-out area backfilling will involve
three variants of rocks being undermined, i.e. 0.5, 0.6,
and 0.7 m. Rock amount after fragmentation should be
calculated for each of the variants. Perform the calcula-
tion using the formula:

V,=K,-V, (1)
where:

V, —an amount of the rock being undermined result-
ing from fragmentation;

V' —an amount of rock being undermined before it
was extracted.

Consequently, in terms of the selected engineering
values, equivalent of linear dimensions throughout the
height of the rocks being undermined will become
0.73 m for 0.5 m; 0.87 m for 0.6 m; and 1.02 m for 0.7 m
before fragmentation and after it respectively. Further,
the obtained values will be applied for computational
experiment to determine stress-strain state of a geome-
chanical system of a stope-mine working junction. As for
the packs for the mined-out area backfilling, select elas-
ticity modulus £ =500 MPa, and fragmentation degree
K,=1.2. Use expression (1) again to obtain following
equivalent of linear dimensions through the height of the
rocks being undermined before fragmentation and after it
taking into consideration pneumatic compaction: 0.6 m
for 0.5 m; 0.72 m for 0.6 m; and 0.84 m for 0.7 m.

Determine technological parameters of packs in terms
of different height values relying upon the obtained data.
Following expression is the basis for stage one calculation:

V,=b-h-l, Q)

where:

V» — an amount of the mined out area per one pass of
a coal shearer;

b and / — the height of the longwall, and its length re-
spectively;

h —web width of the coal shearer effector.

Ifb=1m,/=250m, and 2z = 0.8 m, we obtain:
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v, =200 m’, 3)

If the equivalent dimensions, obtained for rock frag-
mentation, are applied as b values, then we obtain volumes
which can be used for the mined-out area backfilling.

The following results for complete backfilling values:

Vos =146 m?
V0.6 =174 m3; (4)
Vo7 =204 m’.

Taking into consideration pneumatic compaction, we
have the following for packs:

VO.SM =120 m3;
Vogu =144 m’; ®)
Vo]u =168 m3.

The values, resulted from equation (5) will be ap-
plied to determine geometrical characteristics of packs
while the mined-out area backfilling. Calculate residual
volume of the mined-out areca not stowed with packs
using the formula:

Vo.se =V =Vo.5, =80 m?;

Vo.6e = Vo —Vo.6u =56 m’; (6)

Voze =V —Vo7u =32 m’.

Taking into consideration the fact that during one
pass of a coal shearer, 0.8 m® of the mined-out area falls
within a running meter, we obtain total length of the
nonpacked area within the considered mine working:
100 m for Vose—70m for Vog; and 40 m for Vo7e.
Thereafter, pack width will be 7.5 m for Vys. and dis-
tance between neighbouring packs will be 5 m; pack
width will be 9 m for V6. and distance between neigh-
bouring packs will be 3.5 m; and the width will be
10.5 m for Vy 7. when the distance is2 m.

Hence, basic technological parameters have been
formed determining both limits and feasibility to imple-
ment different backfilling methods depending upon me-
chanical characteristics of rock mass, and a stope-mine
working junction geometry. The described parameters for
a stope backfilling provide possibility to select optimum
geometric values of packs in terms of coal mining me-
thod, stope length, and height of rocks being undermined.

3. RESULTS AND DISCUSSION

3.1. Effect of technological parameters
of packs and complete backfilling

Deformation processes of a mine working boundary
progress due to its roof and floor displacement. That
depends upon significant length of a stope along with
low height of the mine working. Roof lowering and floor
lifting follow the principle of plane-parallel displace-
ments oriented perpendicularly to a gravity axis
(Bondarenko, Kovalevs’ka, & Fomychov, 2012; Babets,
Sdvyzhkova, Larionov, & Tereshchuk, 2017; Lozynskyi,
Saik, Petlovanyi, Sai, & Malanchuk, 2018). In such a
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case, vertical stresses become the prevailing efforts bal-
ancing the geomechanical system. The stresses also form
effect on other components of stress-strain state of rock
mass within areas adjoining a stope and a mine working
(Fomichov, Sotskov, & Malykhin, 2014; Fomichov,
Sotskov, Pochepov, & Mamaikin, 2018).

Rapid deformation growth, caused by vertical stresses
within a mine working roof, results in a high fracturing
rate. Origination of the main cracks prevents from dissipa-
tion of the accumulated energy of rock deformation thus
factoring into the uncontrolled braking of boundary rock
layers (Sotskov & Gusev, 2014; Malanchuk, et al., 2019).
Consequently, a stope advance results in the increased
rock pressure within the area of the powered support loca-
tion; roof rocks of the mine workings experience their
softening which gives rise to its operational performance
degradation (Sdvizhkova, Babets, & Smirnov, 2014).
Thus, to understand processes, taking place during defor-
mation of boundary of the conjugated mine workings it is
necessary to analyze a distribution pattern of vertical stress
distribution within rock mass.

Start consideration of volumetric epures of vertical
stresses from the comparison of effect of technological
parameters of packs within the mined-out area of a stope
on the SSS within a mine working wall. Figure 1 repre-
sents a stress pattern within cross section of rock mass
located at 0.5 m distance from a stope-mine working
junction plane. In its central share, a model of the pow-
ered support is placed. The model is of a parallelepiped
form; its height is a meter and its width is 5.5 meters.
The undisturbed rock mass is to the left of the model; a
stope with packing or complete backfilling it to the right.
Such a location is true for each similar epure below.

-3,8639%7 Min

Figure 1. Vertical stresses within a cross section at 0.5 m
distance from a stope during packing when height
of rocks being undermined is 0.5 m

Total analysis of epures, represented in Figure 1,
demonstrated the following:

—more than 90% of the analytical model in under the
effect of compressive stresses which is true for the elastic
problem approach corresponding to vertical stress appli-
cation to upper edge of the model and its lower edge;

— maximum compressive stresses are in front of the
stope plane towards the undisturbed rock mass which
corresponds to the practices of stress variation measure-
ments under full-scale conditions;
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— formation of tensile stress areas depends upon the
effect of the powered support model upon the adjoining
rock layers which is confirmed by actual conditions of its
operation;

— vertical stresses within the mine working roof are
more than stresses within its floor which is supported by
stope operation in Western Donbas mines.

Effect of tensile stresses upon the stope is localized
within the area adjoining the powered support. As a re-
sult, horizontal gradient of vertical stresses within the
stope roof is equal to zero.

Hence, packing, applied to provide satisfactory opera-
tional characteristics of a mine working-stope junction,
helps achieve uniform vertical load distribution on the
support and on the protective structures of a mine work-
ing which may cut the likelihood of the main fracturing,
and decrease dimensions of boundary rock mass softening.
On the other hand, changes in the height of rocks being
undermined cannot cause changes in the powered support
operation mode, and cannot effect stress distribution with-
in the undisturbed rock mass behind the stope face.

Epures in Figure 2 involve a number of characteris-
tics which are not typical for calculations with packing.
The key difference of the epure is stress change in the
stope roof in the area of rock mass adjoining the powered
support model.

-6,5633¢6
-8,5e6

-L0417eT
-1,7333¢7
-1,435¢1
-LG167eT

-LB083eT
-2e1
-4,4118e7 Min

Figure 2. Vertical stresses in a cross section at 0.5 m distance
from the mine working in the context of complete
backfilling when the height of rock being under-
mined is 0.5 m

Effect of the powered support on the stress distribu-
tion within the mine working roof includes 10— 15 m
towards the mined out area; if maximum stresses in-
crease, 21 —24% growth is observed as for the calcula-
tions concerning packs. It means that complete backfill-
ing helps involves greater rock amount into the process
of roof stabilization. However, the characteristic is can-
celled out completely if vertical stresses increase.

Hence, potential energy of roof deformation for cal-
culation alternatives, represented in Figure 1 and 2, is
accumulated similarly in terms of the quantitative index.
Through the changes in the value and geometry of verti-
cal stress gradient, taking place in the process of com-
plete backfilling, distance between the main cracks in-
creases relative to packs resulting in the formation of
larger rock blocks (Sotskov, Russkikh, & Astafiev, 2015;
Nehrii, Nehrii, & Piskurska, 2018).
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The findings help conclude the following: in terms of
packing and complete backfilling, behaviour of boundary
rock mass is described by means of linear regularities,
and exponential regularities stipulating increase in the
maximum vertical stress difference depending upon the
increase in the height of rocks being undermined.

If longwall length is 250 m then rock mass area origi-
nates at 120 m distance from a mine working-stope junc-
tion. Factors of technogenic impact on the rock mass
stress-strain state are minimized to the utmost within the
area. Hence, the area is applied to analyze stress distribu-
tion taking into consideration three typical axial sections of
packs. Stress distribution within roof, represented in
Figure 3a, shows that it resists uniformly the displace-
ment to the stope cavity along the full length; the value
resistance is 17% less to compare with floor resistance.
Stresses are distributed uniformly within the stope floor;
stress value variations are 9 — 12% of maximum ones.
The pack model takes greater vertical stresses to compare
with those taken by surrounding rocks; moreover, the
stress distribution is of regular nature as well.

(a)

-6,5833¢6
-8,

-2e1
-3.8639¢7 Min

(b)

-6,5833e6

-8,5e6
-L0417e7
-12333e7
-1425e7
-18167e7
-18083e7

-2e7
-4,4118e7 Min

Figure 3. Vertical stresses within central cross section of a
stope when the height of rocks being undermined is
0.5m in terms of: (a) packing; and (b) complete
backfilling

Thus, the pack acts as a compensative damper in the
process of effort transfer from roof to floor. Minimum
vertical stresses within a pack are placed at the beginning
over L,=2.5m from the powered support model edge.
L, value is the determining parameter to select a stope
face advance rate during packing implementation.
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In the context of complete backfilling, the disinte-
grated rock is placed continuously along a stope which
results in the natural pack compacting. Formation of
packs needs certain interval, determined relying upon
mechanical conditions of disintegration, during which the
placed rock takes load-bearing characteristics. The char-
acteristics can be formed naturally if only minimum
external loads are available which do not provoke dy-
namic phenomena within the packs being formed. Hence:

Vsa =L -ty m’; (7)
where:

vsq — @ stope advance rate;

L, — alength of a pack area rejecting rock pressure;

t,» — a stabilization period of the pack meter.

The calculations have shown that maximum L, value
corresponds to 0.6 m height of rocks being undermined,
i.e. it is 3.4 m; if the height is 0.7 m, the minimum value
is obtained, i.e. 1.2 m. In essence, the parameter has
nonlinear characteristic too.

As a result, optimum stope advance rate determination
in terms of load-carrying capacity of a pack takes place
basing on the results of full-scale experiments. The deve-
lopment of physicomathematical model of the process
should involve further research which trend and amount
are beyond the range of the subjects being considered.

Comparative analysis of the epures has shown that in
both cases, area of high compressive stresses has similar
geometric configuration of the gradient value. The
stresses, experienced by roof rock, shown in Figure 3a,
are 8% less to compare with those in Figure 3b. If com-
plete backfilling is applied, no floor stress variations
along the stope cross section are observed.

On the whole, rock mass is loaded uniformly when
complete backfilling is used; however, compressive
stress concentration is higher within the undisturbed rock
mass to compare with packing. Hence, qualitative dis-
tinctions as for the stress distribution among epures,
represented in Figure 3a and 3b, are as follows:

—1in terms of calculation alternative one, local stress
distribution within the undisturbed rock mass as well as
within the stope floor are 22% less to compare with cal-
culation alternative two;

— stress taking by a material on the pack wall is 18%
higher to compare with complete backfilling.

The abovementioned means that dynamic phenomena
arise within the packs along the whole length of the
stope. High rock pressure effect results in the loose mass
compaction; depending upon loading conditions, it may
factor into the geomechanical system stabilization or into
active progress of the main cracks within the stope im-
mediate roof. Under the conditions, determination of
stress-strain state development of the geomechanical
system is an individual problem solved using multipa-
rameter system to analyze a state of complex structured
enclosing rock mass (Vladyko, Kononenko, & Khomen-
ko, 2012). The key distinctions are observed from the
mined-out area of the stope. Vertical stress gradient de-
creases within the immediate roof of the mine working,
and within its floor. Pack demonstrates minor increase in
compressive stresses. Hence, stabilization process of the
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pack material state depends upon the decreased pressure
effect on the backfilling components.

During complete backfilling, two areas of high com-
pressive stresses and high tensile stresses originated
around the powered support model. To compare with
computational alternatives concerning use of packs, ef-
fect of the areas is oriented true vertically involving al-
most each rock layer of the analytical model. Conse-
quently, the load, taken by the support, increases if alter-
nate stresses are available within the neighbouring rock
mass. As for the 0.5 m height of rocks being undermined,
increase in vertical stresses achieved 22% and areas of
high stresses increased by 35%.

Analysis of vertical stress distribution in the context
of packing (Fig. 3a) and in the context of complete back-
filling (Fig. 3b) demonstrates similar patterns in the im-
mediate roof of the stope, and in its floor. Thus, backfill-
ing efficiency is comparable for the two variants if the
undermined rock height is 0.6 m. However, packing is
more preferable technique if high compressive pressure
area within the undisturbed rock mass over the powered
support model is taken into consideration.

To compare with other computational alternatives,
the epures are characterized by the least values of high
stress areas in the context of the both types of the back-
filling methods. On the whole, the pattern of vertical
stress distribution corresponds to the epures; neverthe-
less, maximum stress values are 12% less as for the cal-
culation one (Fig. 3a) when packing is used, and 6% less
when complete backfilling is applied (Fig. 3b). There-
fore, if the maximum considered height of rocks being
undermined is 0.7 m then within the area, adjoining the
powered support model, the geomechanical system has
brought to equilibrium in the best way.

In the context of complete backfilling, the area of
high compressive stresses for 0.6 and 0.7 m heights of
rocks being undermined is similar while differing quali-
tatively from 0.5 m variant. 1.5 times increase of com-
pressive stresses within immediate roof over the powered
support is typical for the calculation alternatives. It
means that the increased amount of rocks being under-
mined during complete backfilling doesn’t factor into
changes in the stress-strain state of the rock mass. How-
ever, similar stable pressure effect on the powered support
takes place in the process of calculations for 0.5 m height
of rocks being undermined which means incremental
probability of rigid setting of the powered support legs.

The following has been concluded relying upon the
analysis of vertical stress epures:

—in the context of the considered mining and geolo-
gical conditions, performance of a mine working is better
while packing than while complete backfilling;

—packing results in the fact that vertical stresses
within the stope roof and floor vary orderly along the
stope advance axis, and across it;

—height of rocks being undermined governs the
changes in the immediate roof of stope during packing
and during complete backfilling but in different ways;

— in the context of packing, vertical stress distribution
along a stope face within the undisturbed rock mass is of
more uniform nature to compare with complete backfil-
ling; it is 12 — 16% less in terms of absolute values.
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3.2. Analysis of stress distribution within rock
mass stratification planes along a stope advance

Under the conditions of high structuredness of rock
mass, enclosing a stope, horizontal stresses are among the
basic factors determining parameters of the controlled roof
caving in the process of the stope advance. Changes in the
stress values along the stope face, and across it define both
shape and time of destructive wave within rock layers,
which form a roof of the considered geomechanical system.

Following analysis is a comparison of characteristics
of horizontal stresses in the context of different sections
of one and the same calculation (Fig. 4a and 4b). Deter-
mine the impact of the backfilling methods on the state
of the fine-grained rock mass within a roof of a geome-
chanical system of a stope and a mine working. Vertical
plane, oriented in parallel with the stope face and placed
over the powered support is common for the epures.
Analytical stress alternation from compressive to tensile
ones takes place within the plane. Parameters of the
plane, its dimensions, and geometrical changes help
identify proportions of rock mass being involved in the
process of the stope roof deformation.

(a)

-1.414e7 Min

(b)

-1.414e7 Min

Figure 4. Cross section of horizontal stresses during packing
when height of rocks being undermined is 0.5 m:
(a) at 0.5 m distance from the mine working; and
(b) in the central diametric plane

Comparison of Figure 4a and 4b helps understand
that height of alternative stress plane experience its 27%
increase from the mine working edge to the stope central
share. Local areas of high compressive stresses and ten-
sile stresses also increase towards the stope central share;
the increase is 2 to 53% in absolute values and changes
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in geometry of the areas achieve 145%. However, only
vertical increase is observed.

Relying upon the results, it is possible to conclude
that increase in the alternating plane height results in the
increase of horizontal stresses within a local roof area of
a mine working adjoining the powered support model
being indicative of horizontal displacement intensifica-
tion with distancing from the stope edge. The abovemen-
tioned results in the formation of ovoid-like front of
progress of the main cracks directed across the stope.

It is seen in Figure 4b that to compare with epures,
represented in Figure 4a, increase in horizontal stresses
takes place in the undisturbed rock mass, and in the stope
floor. Thus, growth of shear deformations occurs since
they originate when rocks converge into the stope cavity.
If effect of the undisturbed rock mass within walls of
mine workings helps decrease horizontal stress level in
the neighbourhood of the mine working, the distance is
neutralized distance is considerable. Hence, the lesser
distance between stress distribution in sections, represent-
ed in Figure 4a and 4b is, the more stable the roof of the
considered geomechanical system becomes. Relying upon
the conclusion, formulate rule one: optimum backfilling
conditions are possible if only deviations in the alternating
plane are minimal along the whole length of a stope.

Comparative analysis of epures, demonstrated in
Figure 5a and 5b, has shown that 12% stress growth
within the undisturbed rock mass in front of the stope
face results in the increased load on backfilling (i.e. 7%).
Hence, the two factors are interconnected for Ukrainian
mines; moreover, their connection makes it possible to
evaluate firmness of the design bearing capability of
protective measures relative to the original rock mass.
Thus, we obtain rule two: decrease in horizontal stress
difference within the disturbed rock mass in the context
of packing or complete backfilling demonstrates growth
of load-bearing capacity of a protective structure to com-
pare with other alternatives.

For the calculation option, intensity of horizontal
stress changes along a stope face is 1.3 times higher than
in terms of packing. Height of alternating stress plane
achieves upper boundaries of rock layers of the analytical
model meaning the deteriorated conditions of rock layer
state under the considered geomechanical system in the
context of complete backfilling.

Stresses within a central cross share of a stope imme-
diate roof form a pattern being close to the formation of a
vertical section over the powered support legs. Within
the central share of the stope, the powered support legs
resist loads, increased by 40%, directed towards the
mined-out area; i.e. despite complete backfilling, defor-
mation processes intensify within the mine working roof.
The processes are aimed at separation of a certain imme-
diate roof share along the stope face. It turns out that
stress-strain state of the rock mass is less stable for com-
plete backfilling to compare with packing; however, the
state cannot be considered as that corresponding to rock
failure criteria with the formation of the main cracks.

Fast growth of horizontal stress value in the neigh-
bourhood of the mine working and in the central share of
the stope is observed when complete backfilling is applied
and height of rocks being undermined achieves 0.6 m
nature of high stress area formation remains invariable;
however, the area dimensions increase their 17% increase.
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Figure 5. Cross sections of horizontal stresses in the process
of complete backfilling if height of the rocks being
undermined is 0.5 m: (a) at 0.5 m distance from the
mine working; and (b) in the central diametric plane

In this context, in the neighbourhood of the mine
working, average increase in tensile stresses is 14% and
average increase in compression stresses is 9% indicat-
ing sharp increment of load on the support, and on
protective structures of the mine working which may
result in the accelerated process of rock heaving, and
arch lowering (Khomenko, Sudakov, Malanchuk, &
Malanchuk, 2017). Moreover, height of alternating
stress plane remains constants for each calculation al-
ternative. It also means that there are no fundamental
changes in the process of formation of areas of ultimate
state of rocks within a mine working roof. However,
constant growth of horizontal stresses shows that the
increased height of rocks being undermined enhances
likelihood of roof rock softening right over the powered
support section. The dependence is nonlinear and in-
crease of the rocks being undermined results in the
decreased growth of maximum stresses.

Since horizontal stresses within the stope roof are of
maximum values in the context of complete backfilling,
it is required to analyze specific features of their distribu-
tion in the immediate roof. In terms of the mining and
geological conditions, immediate roof of the stope con-
sists of three rock layers enumerated in the analytical
model from one to three starting from the coal seam
being mined.

3.3. Comparative analysis of the findings

Assume intersection of a stope face with its central ver-
tical section as the analysis area. Consider separately and
comparatively maximum compressive stresses (Fig. 6) and
tensile stresses (Fig. 7) arising in certain rock layers.
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Rock layer number in the stope roof model

Figure 6. Changes in the reduced maximum compressive
horizontal stresses in terms of rock layers of a stope
face in the central share of a mine working in the
context of complete backfilling with the varying
height of rocks being undermined
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Figure 7. Changes in the reduced maximum tensile horizontal
stresses vertically on the stope face in the central
share of the stope in the context of complete back-
filling with the varying height of rocks being
undermined

Qualitatively, the graphs, represented in Figure 7, have
no significant differences. Maximum stresses for each
calculation alternative are experienced by rock layer two;
layers one and three take stresses with a wide scatter but
differently. The specific feature points to the effect rock
deformation characteristics on the stress distribution with-
in the rock mass. Hence, the calculations are adequate.

However, there is a peculiarity in the process of hori-
zontal stress distribution when height of rocks being
undermined are 0.6 and 0.7 m. Stress growth is succes-
sive in rock layer one and in rock layers two and three
maximum values are less for 0.7 m height of rocks being
undermined to compare with 0.6 m height. Thus, condi-
tions of equilibrium state of the stope roof model vary.
Such a variation of maximum stress values is followed
by partial transition of rock layers to their ultimate state,
which results in the stope immediate roof softening under
the effect of compressive horizontal stresses.
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Analysis of tensile stress graphs (Fig. 7) demonstrates
a pattern being opposite to compressive stress. Changes
in maximum stresses in terms of rock layers of immedi-
ate roof when height is 0.5 m differs greatly from options
where heights of rocks being undermined are 0.6 and
0.7 m; rock layer one is loaded more and rock layer three
is loaded much less. On the whole, the calculation alter-
native where 0.6 m height of rocks being undermined is
involved demonstrates indices of ultimate efficiency of
immediate roof of a stope state in the context of complete
backfilling. In such a case, effect by compressive stresses
predominates over the effect by tensile stresses on the
stability of immediate roof of a mine working.

4. CONCLUSIONS

Concentration of horizontal stresses, oriented along
a stope face over the powered support within a stope
roof is the key factor effecting a mode of progress of
the main cracks within a mine working roof in the pro-
cess of backfilling.

Use of complete backfilling results in the high stress
concentration within an immediate roof which means its
preferability in the context of high strength indices of
enclosing rock mass when heights of the rocks being
undermined are less than 0.6 m.

In the context of selective coal mining, height of
rocks being undermined determines the optimum param-
eters of a stope roof irrespective of a fine-grained rock
mass in terms of the selected backfilling method.
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JAOCJII)KEHHSA TEXHOJIOTTYHUX ITAPAMETPIB CIIOCOBY
YACTKOBOI'O 3AKJTAJAHHSI BAPOBJIEHOT' O TIPOCTOPY
TP BUKOPUCTAHHI CEJIEKTUBHOI'O BUMMAHHS BYT'IVLJISI

B. Corkos, H. Jlepepsrina, JI. Mananuyk

Mera. BusnaueHHs (pakTOpiB BIUIMBY MEXaHIYHUX i TEOMETPUIHUX ITapaMeTpiB OYyTOBUX CMYT, IO CTBOPIOIOTHCA 3
NPUCIYHUX MOPIJ MPH CEISKTHBHOMY BHMMAaHHI BYTi/UIf, HA CTaH '€OMEXaHIYHOI CUCTEMH CIIOITy4YeHHS BUIMKOBOI Ta
OYHCHOI BUIMOK IIJISIXOM BUKOHAHHS O0YHCIIIOBAILHOTO EKCIIEPUMEHTY.

Metoauka. OGUNCITIOBAIBHUN EKCIIEPUMEHT HNPOBEACHUIA 13 BUKOPUCTAHHSM METOJy CKIHYEHHUX €JIEMEHTIB MpHU
MO/ICJIFOBaHHI TPUBUMIPHOI pPO3PaxyHKOBOI 00jacTi reomexaHiuHoi cuctemu. [lopogHuii MacuB NpEACTaBICHUI
12 mapamu nopij i ByriibHUM I1actoM. [Ipu npoBeneHHi po3paxyHKy CyCiHI MOPOJIHI IIapH BUIBHO NEPEMIIIAl0ThCs
BIJIHOCHO O/iIuH oiHOTO. PO3paxyHOK Hampy»eHb Ta AedopMalliii BAKOHaHHH B OBHOpo3MipHOMY Oomi 300x160x50 M,
SIKMI BKJIIOYae B cebe He3aliMaHuii MacuB, | ourcHy Ta 2 MiAroToBYi BUPOOKH. MOJIENIIOBaHHS MEXaHIYHUX XapaKTepH-
CTHK OYTOBHX CMYI' BUKOHAHO 3a JOTIOMOT'OI0 JIOJaTKOBUX aHATITUYHUX PO3PAaXyHKIB.

Pe3ysabTaTn. BukoHaHi po3paxyHKH CTaHy T€OMEXaHIYHOI CHCTEMH CIIONYYeHb OUYHCHOI Ta BUIMKOBUX BUPOOOK J10-
3BOJIFJIM BU3HAYUTH XapaKTEPHi 30HU MOPYIICHOTO TIOPOAHOTO MACHBY, SIKi BU3HAYAIOTh MEXaHi3M PO3BUTKY OOBaJICH-
HS TIOKPIBJ OYHCHOI BHPOOKM 3 ypaxyBaHHSIM BIUTUBY IMapaMeTpiB 3aKIaikd. AHaTi3 HalpyXeHO-Ie(pOpPMOBAHOTO
crany (HIC) reomexaHiqyHOT cUCTEMH B TIOKPIBJIi OYMCHOT BUPOOKH 32 00paHHMH MONEPEUHUMHU TIEPETUHAMHE JI03BOJIHB
BU3HAYUTU YMOBH B3a€MO/Ii HOPOJHKX IIAPiB, B pe3yJIbTaTi SKOTO BiI0YBAETHCS OMYyCKaHHS OKPIBII HA OYTOBI CMYTH.

137



V. Sotskov, N. Dereviahina, L. Malanchuk. (2019). Mining of Mineral Deposits, 13(4), 129-138

HayxoBa HoBu3Ha. BusiBiieHi 3aKOHOMIPHOCTI B3a€MOii MOKPIBJIi OYHCHOI BUPOOKHM Ta €IEMEHTIB 3aKJIaaHHs BH-
3HAYalOTh ONTHUMaJIbHI YMOBH YIPaBIiHHS IOKPIBJICI0 OYMCHOI BUPOOKH NPH CEIEKTHBHOMY BHMIMaHHI Byriwist. Hay-
KOBO JZIOBEJICHO, III0 BPaxyBaHHS MO3/J0OBXHIX TOPU30HTAIBHUX HAIPY>KEHb JUIsl BU3HAYCHHS ONTHMAIBHUX IapaMeTpiB
3aKJIaJlaHHs JI03BOJISIE OIHO3HAYHO BU3HAYMTH THUII 1 TEOMETPUUHI IapaMeTpy CXeMH OXOPOHH BHPOOJIEHOTO IIPOCTOPY
OYKMCHOI BUPOOKH NPH PI3HUX XapaKTEPUCTUK MIIHOCTI i FEOMETPUYHUX ITapaMeTpax MOPYIIEHOTo TOPOAHOTO MACHUBY.

MpakTuyna 3Ha4YuMicTh. OTpUMaHi pe3ybTaTh JO3BOJIMIIM BH3HAYUTH MEXaHi3M BHOOPY IBUIKOCTI IIOCYBaHHS
OYHCHOTO BHOOIO, TUITY 1 TEOMETPUIHUX MapaMeTpiB OYTOBHX CMYT, IO CIIOPYUKYIOThCs. Lle mo3Bomse 3abe3mednT
MiHIMi3aI[if0 BUTpAT Ha BHYTPIIIHIO JIOTICTUKY BUAOOYBHOI MUTBHUII, 3HU3UTH COOIBapPTICTh OYUCHUX POOIT 1 ITiABHIIH-
T Oe3MeKy TipHUKIB OYUCHOTO BHOOO.

Kniouosi cnosa: nopoonuti macus, ovucHa 6upooKa, HAnpysceHo-0eqh)oOpMOSaHuUll Cman, ceKyis Kpinients, 4acmrose
3aKna0anHs, bymosa cmyaa

HCCIEJOBAHUE TEXHOJIOIT'HTYECKHUX ITAPAMETPOB CIIOCOBA
YACTUYHOMU 3AKJTAIKHA BBIPABOTAHHOI'O ITPOCTPAHCTBA
IPU UCITOJIb30BAHUM CEJIEKTUBHOM BBIEMKH YTJIS

B. Conxos, H. Jlepessruna, JI. Mananayk

Hean. Onpenenenue HakTopoB BO3ACHCTBHS MEXaHHUECKUX M T€OMETPHYCCKUX MMapaMeTpOB OYTOBBIX IOJIOC, BO3-
JABUTACMBIX M3 MPUCCKACMbIX ITOPOJ IIpU CEJICKTUBHOHN BBIEMKE yris, Ha COCTOAHUE reoOMEXaHUYECKON CHCTEMBI CO-
MPSAKCHUSA BBIEMOYHOM ¥ OYMCTHOM B])lpa6OTOK ITYTEM BBIINIOJHCHHS BbIYUCIIUTCIIBHOI'O SKCIICPUMEHTA.

Metoaunka. BerauciuTenbHBINA 3KCIIEPUMEHT MPOBEJICH C UCIIONB30BAHIEM METO/Ia KOHEYHBIX 3JICMEHTOB MPU MO-
JNETUPOBAaHUK TPEXMEPHOW PACUCTHOW OOJNIACTH T'eOMEXaHUYECKOW CHUCTeMBl. [lOpOAHBI MAacCHB TPEACTABICH
12 cmossMu IOPOA M YTOJNBHBIM TIACTOM. [IpH MpOBENCHUU pacdeTa COCSIHUE MTOPOIHBIC CIIOM CBOOOIHO TePEMEIAr0T-
Csl OTHOCHTENBFHO ApYT npyra. Pacuer HanpspkeHHH 1 AedopManiii BRIIONHEH B MOMHOpa3MepHOM O110ke 300x160%50 M,
KOTOPBIN BKJIIOYAET B CeOsi HETPOHYTHIM MacCcuB, 1 OYMCTHYIO U 2 MOJArOTOBHUTENbHBIC BhIpaOOTKH. MoaenupoBaHue
MEXaHHYECKUX XaPAKTEPUCTUK OYTOBBIX [IOJIOC BBIMOIHEHO MPH MOMOIIH JOTMOIHUTEIBHBIX aHATUTUYECKUX PACUETOB.

Pe3yabTaThl. BEINOIHEHHBIE PACUETHI COCTOSIHUE NE€OMEXAHUUYECKON CUCTEMBI CONPSIKEHUM OYMCTHOM M BBIEMOY-
HOU BBIPAOOTOK MO3BOJIMIIM ONPEICINTh XapaKTEePHbIE 30HBI HAPYIIEHHOTO MOPOHOTO0 MacCHBa, KOTOPBIE OMPEACIISIOT
MEXaHU3M DPa3BUTHs OOPYLICHUs] KPOBJIM OYMCTHOH BHIPAOOTKH C Y4YETOM BIIMSHHS NAapaMeTpOB 3aKiIaikh. AHaIW3
HanpspkeHHo-fIepopmupoBanHoro cocrosiaus (HJIC) reoMexaHHUeCKOW CHCTEMBI B KPOBJIC OYUCTHOW BBIPAOOTKH IO
BbI6paHHI)IM NONEPCUYHbIM CCUCHUAM IMO3BOJIMII ONPEACTIUTDL YCIIOBUA B3aHMO}1€ﬁCTBHH MOPOJAHBIX CJIOCB, B PE3YJILTATEC
KOTOPOT'O TIPOUCXONT OITyCKAHUE KPOBJIU Ha OYTOBEIC MOJIOCHL.

HayuHasi HoBH3HA. BEIsIBICHHBIC 3aKOHOMEPHOCTH B3aUMOJICHCTBUSL KPOBIM OYHCTHOW BBIPAOOTKU U DIICMEHTOB
3aKJIAZKU OTIPEACISIFOT ONTUMAJIbHBIC YCIIOBHS YIIPABICHHUS KPOBJICH OYMCTHOW BBIPAOOTKU IPU CEICKTUBHOW BBIEMKE
yriist. HaydHo 10Ka3aHo, Y4TO y4eT MPOJOJIbHBIX TOPU3OHTAIBHBIX HAMPSHKEHHUN ISl OMPECICHUS] ONTUMAIIbHBIX Mapa-
METPOB 3aKJIaIKU TI03BOJISIET OJTHO3HAYHO OMPEICIUTh THIT U TEOMETPHUYCCKUE MApaAMETPhl CXEMbI OXPaHbl BhIpaOOTaH-
HOTO MPOCTPAHCTBA OYUCTHOW BHIPAOOTKH MPH PA3NUYHBIX IPOYHOCTHBIX M FEOMETPUYUECKHUX TapaMeTpax HapyIIECHHO-
r'0 MIOPOJJHOTO MACCHUBA.

IMpakTuyeckast 3HaYMMOCTb. [loyueHHbIe Pe3yNbTaThl MO3BOJMIN OIPENSIUTh MEXaHHW3M BBIOOpAa CKOPOCTH
MOJIBUTAHUSI OYUCTHOTO 3a00sl, THIIA U T€OMETPHUECKHUX MapaMeTPOB BO3ABHIAEMbIX OYTOBBIX MOJIOC. DTO MO3BOJISIET
O6eCHe‘lI/lTb MHUHUMM3AIUIO 3aTpaT Ha BHYTPECHHIOIO JIOTUCTUKY ZlO6])I'~lHOFO ydacTKa, CHU3UTDH Ce6eCTOI/lMOCTb O4YUCT-
HBIX pabOT U MOBBICUTH 0E30MACHOCTh TOPHOPAOOYHX OYMCTHOIO 3a00s1.

Knroueswle cnosa: nopoouvitli maccus, O4UCmMuas blpabomKa, HanpsHCeHHo-0eQopMUPOBAHHOE COCMOsIHUE, CEKYUsL
Kpenu, dacmuunas 3akiaoka, bymosas noioca
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