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Abstract

Purpose is to study influence of a longwall face advance on the geomechanical situation in the neighbourhood of a mining
site based upon determination of changes in standard and critical subsidence of the immediate roof rocks.

Methods. To study a geomechanical situation in the neighbourhood of a mining site the authors have applied software
product GeoDenamics Lite developed at Dnipro University of Technology. The software product relies upon a calculation
procedure of stress-strain state of rocks by Professor O.V. Savostianov. Expediency of the software selection is based upon the
supported control and adaptation of a coal mining technique to changes in geodynamic stress fields in the anisotropic rock-coal
medium impacting temporal and spatial changes in the technological parameters.

Findings. The basic problems have been singled out connected with certain changes in a longwall face advance. For the
first time, an analytical scheme of tangential stresses within the immediate roof rocks has been developed for Lisova mine of
SE Lvivvuhillia under the conditions of coal seam mining by means of the paired longwalls which makes it possible to deter-
mine both physical and geometrical parameters of standard loads within the formation.

Originality. Dependencies of temporal and spatial changes in subsidences and horizontal displacements of rock layers of
the immediate roof have been defined being 5.2 m for the upper rock pack and 3.9 m for the lower pack if the longwall
longwall face advance is 1.9 up to 4.8 m/day. Both physical and geometrical parameters of the reference pressure have been
defined as well as the parameters of lower sandstone pack in the process of the main roof subsidence. Impact of the extra pres-
sure forces on the immediate roof rocks has been analyzed at the moment of critical lowerings of the immediate roof rocks. In
this context, standard loading from the overlying formation in addition to tangential stresses in the roof result in rock failure
due to vertical cracks above a longwall face.

Practical implications. The engineering methods have been developed making it possible to identify impact parameters of
a longwall face advance on the geomechanical situation in the neighbourhood of a mining site. In future, it will help forecast
changes in the reference pressure around a longwall face while preventing emergency settlement of the powered support.
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1. Introduction

The current economic situation in Ukrainian mines
prompts the search for internal reserves to improve the effi-
ciency of mining operations. Primarily, such a situation is
typical for state-owned mines [1]-[3]. In the context of such
enterprises, significant lack of budget funding is the compo-
nent factor preventing from purchase of new equipment and
renovation of fleet of powered systems. Morally obsolete
facilities are applied for mining operations. Hence, the neces-
sity arises to re-orient functioning of the mines relying upon
the principles of mining intensification and concentration to
minimize expenditures connected with performance of both
basic and auxiliary operations [4]-[8].

Currently, it is proposed the technological methods of
coal mining, which are focused on combining several tech-
nologies within a single mining enterprise [9]-[11], mining
coal reserves in difficult geological conditions, improving
the environmental quality [12] and processing waste on the
surface [13]-[15]. Particular attention during conventional
mining is paid to the management of stress and pressure in
mining to ensure the manufacturability of this process [16].
Reliability of technological innovation systems [17] that lead
to safety potential of engineering enterprises [18], resource
management [19]-[21] and creation of a green economy in
mining [22], must be also taken into account.
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Mostly, coal resource potential is concentrated in Lviv-
Volyn and Donetsk coalfields [23], [24]. Unfortunately, due
to war, the key Ukrainian coal reserves, being suitable for
safe mining, are extracted by such state enterprises as
Lvivvuhillia and Volynvuhillia as well as private company
DTEK Pavlohradvuhillia. Situation in the private sector,
concerning mining capacity, is stable; moreover, certain
structural subdivisions demonstrate increase in coal extrac-
tion indices. However, despite the available reserves, the
state mine fields are stagnant. In addition, no efficient solu-
tions aimed at their activity rescheduling may result in com-
plete termination of their work in the near future [25].

Resource potential of Lviv-Volyn coalfield makes it pos-
sible to develop powerful fuel and energy complex with its
adaptation to the region needs in energy resources favouring
stabilization and growth of economy [26]. At the same time,
it is required to consider traditional coal mining techniques
as well as geotechnologies inclusive of ‘clean coal technolo-
gies’ using complex physicochemical coal transformations to
obtain energy and chemical commaodities relying upon the
consumer market needs [27]-[31].

There are many factors that, directly or indirectly, impact
mining system reliability [32], [33]. Thus, as mining equip-
ment is becoming more complex and sophisticated, its cost
is increasing rapidly. This in turn makes it cost ineffective to
have standby units. To meet production targets, mining
companies are increasingly demanding better equipment
reliability [34]-[37].

Growth of a mining sector, involving coal industry, is
based upon rational technological schemes of reserve prepa-
ration and availability of hi-tech mining facilities which
depends directly on the intensification of coal extraction
processes [38]-[40]. Consequently, a problem to substantiate
influence of a longwall face advance on the stress-strain state
of rock mass becomes quite important [41], [42]. Analysis of
the data concerning the rock pressure manifestations while
mining has demonstrated negative impact by rock shifts,
deformations, and falls over the mined-out areas on the ex-
traction facilities [43], [44]. Shift of rock formation, contain-
ing a longwall face, takes place in the form of successive
bending of rock layers. Beyond area of complete shifts, the
layered roof formation hangs over a coal seam. Hence, loads
increase and develop the reference pressure areas. Loads
over the mined-out area decrease and develop a low pressure
zone [45]-[47]. Abnormal pressure zones initiate in the
neighbourhood of mining area with the increased loads above
the rock mass and the decreased loads over the mined-out
area along with the longwall face advance which results in
the deceleration of mining operations [48]-[50].

In such a way, the study purpose is to analyze the influence
of a longwall face advance on the geomechanical situation in
the neighbourhood of a mining site based upon the changes in
standard and critical subsidence of the immediate roof rocks.

In this context, the increased rock pressure makes it prob-
lematic to provide technical velocity of the powered support
advance. In turn, the abovementioned impacts the stress-
strain state of the rock mass. Moreover, calculation proce-
dures for stress-strain state take into consideration neither
structural features of formation nor technological parameters
of coal mining [51]. The situation prevents from comprehen-
sive and quantitative assessment of geomechanical processes
taking place in the rock formation. The majority of calcula-
tion techniques make it possible to solve certain applied
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problems, for instance, determine wall rock convergence;
load on the powered support; interval of roof subsidence etc.
Hence, the authors have proposed to analyze geomechanical
situation in the neighbourhood of a longwall face relying on
determination of regulations of changes in physical and geo-
metrical parameters of the reference pressure zone depending
upon the velocities of longwall face advance.

2. Methods of the research

2.1. Software product selection for the research

Studies of geomechanical parameters in the neighbour-
hood of a longwall face is closely connected with the layered
rock mass behaviour, namely with sedimentary rocks. To
analyze stress-strain state of rock mass, the authors have
applied software product GeoDenamics Lite developed at
Dnipro University of Technology. The software product
relies upon a calculation procedure of stress-strain state of
rocks by Professor O.V. Savostianov [52]. Expediency of the
software selection is based upon the supported control and
adaptation of a coal mining technique to changes in geody-
namic stress fields in the anisotropic rock-coal medium im-
pacting temporal and spatial changes in the technological
parameters [53], [54]. The involved method, studying stress-
strain state of rock mass, helps identify both geometrical and
physical parameters of stress fields in the neighbourhood of a
longwall face varying dynamics of the geomechanical situa-
tion in the neighbourhood of a mining site. At the same time,
the variety of geodynamic stress fields in an anisotropic,
technogenic rock mass influences heavily a direction of a
resulting stress vector with a variable value depending upon
orientation in the rock mass.

Changes in the stress vector while extracting impacts di-
rectly the stability of mine workings of a mining site [51]-
[58]. The situation dynamics needs both timely forecast and
correction of technological parameters according to the
changes in technogenic media where the mine workings are
placed [59]. Determination of technological parameters of
longwall face depends upon the well-timed analysis of min-
ing and geological conditions, geomechanical parameters,
and mining factor making it possible to solve a problem of
simulation modelling of production processes while mining
taking into consideration temporal and spatial changes in
mining and geological conditions as well as geomechanical
and technological parameters.

2.2. Analytical mechanism to study SSS of rock mass

Subsidences, horizontal shifts, and rock deformations of
the main roof were determined according to [60]:
— subsidence of the main roof rock packs:

Y :i A[coszx—1j+c(cosz—”x—1j ; Q)
foo L L
(k)
— horizontal shifts of the main roof rocks:
g=i D(coszx—1j+N(cosz—ﬂx—lj ; 2
fox L L
(k)
— horizontal deformations within the main roof rocks:
g =27 ®)
Xp =X
where:
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A, C, D, and N — parameters which depend upon the
structure of roof rocks and parameters of a reference pressure
diagram taking into consideration space and time as well as
confidents of Fourier series (Bk1, Bko):

B B2
A= 0.39h—3- B, C= 0.5h—3~ By, ;
2 2 @
L _ L
D =1.2h—2- B N :O.Sh—z- By,
where:

L — complete semi-bend of the studied rock layer;

fo — deformational modulus varying along with the rock
layer length and calculated as follows:

f(k)zEO at O<x<a;

fy —X

f(k) = (Eo —En) +E, at 0<x< fy; ®)

f(k):En at f2<X§L.

Under critical subsidences, a moment within the cross-
section point above a longwall face (involving load on the
immediate roof from the overlaying sandstone) was defined
using the Expression:

2L pia T
Mr :7|:Bkl [COSI—X—:LJJF Bkz [COSE—X—1J:|-C{, (6)

where:

a — coefficient characterizing standard (Y,)-critical (Yy)
ratio of a rock layer subsidence.

Tangential stresses within the roof rocks of the mined
coal layer are calculated according to the analytical scheme
shown in Figure 1.

Ry

Figure 1. Analytical scheme for tangential stresses within a rock
layer (shale) of the immediate roof in the process of the
coal seam extraction: 1 — lower coal pack of the main
roof; 2 — immediate roof; 3 — coal seam; 4 — seam foot;
5 — mined-out longwall area; 6 —supported working
area of the longwall

According to the analytical scheme, S, reaction shifts to-
wards a longwall face with its increase in the face area. The
value depends upon a shearer velocity. It is defined in ac-
cordance with the Expression:

_ S +Sfp
f2+rk '
Sy = 0.2Vic (Smax —Sn )+ Sp at 0<Vj <3; ®)

™)

Smax

Sy =(0.057V} —0.44) +(Siay —Sp)+ Sy at 3<V <10, (9)
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where:

r — cutting width of a shearer, m;

Vi — the shearer velocity, m/min.

In this regard, critical load (S;) from the roof rocks in the
longwall face plane is relieved with the help of the mecha-
nized support resistance. It is identified using the Expression:
5, - (FtRe)B (10)

f
where:

R; and R,-—support resistance within a face area and
within the mined-out area of a longwall face, MPa/m?;

B — face area width, m;

f, —width of a reference pressure zone for the immediate
roof layer, m.

2.3. Output data for the research

Analysis of the full-scale studies of mining operations
within longwall 166 of n; seam has helped state that
unsubstantiated changes in a longwall face advance influence
heavily variations in geometrical and physical parameters of
the reference pressure zones being formed in front of
longwalls within a face formation as well as in the
neighbourhood of a preparatory mine working. Fluctuations
of a reference pressure parameters result in origination of
geodynamic phenomena within mine workings.

Coal seam (n7) with m=1.3m thickness in Lisova mine
(SE Lvivvuhillia) was mined using longwall 166 equipped with
the powered support 2M-87UMN, coal shearer RKU-10, and a
face conveyor SP-250.11. Overcoal rock mass is the formation
of sedimentary rocks being shale, sand shale, sandstone layers.
Throughout the formation, thickness of the layers varies from
3.8 up to 27 m; immediate roof is h; = 3.5-4.9 m sand shale;
and the main roof is h, = 6.4 up to 9.1 m sandstone.

Figure 2 shows a scheme to prepare data on the cross
section of n; seam for calculation of both physical and
geometrical parameters of standard loads within rock
formation of longwall 166.

PPN
‘4—61>‘<¢>‘

Conveyor drift

.
»

Longwall, I, m

-
-C

Ventilation drift
Figure 2. Scheme to prepare data on the cross section of n7 seam
(well #285933) for calculation of standard loads within
the rock formation of longwall 166: do, a, f2, lp, and L —
geometrical parameters of the support zone, and analy-

tical bend and semi-bend of rock layers; and Si, and S2
are cross sections of the longwall under consideration

For analytical studies of standard loads in rock layers of
overcoal formation where n; seam is mined using paired
longwalls, the rock mass is divided into 9 layers depending
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upon their lithological difference. The layers are numbered
from a roof of coal seam being mined. Geometrical and
qualitative indices of the rock mass as well as technological
parameters are tabulated to be calculated using a computer.
According to the full-scale studies, monitoring of velocities
of longwall face advance, the velocity alternatives have been
assumed: 1.9; 3.2; and 4.8 m/day. The considered cross
sections are identified according to 7=0time. They are
located along the normal to a longwall face. Such a temporal
cross section as 7= 100 days is located in parallel with a
longwall face.

3. Results and discussion

Resulting from the analytical studies, performed in terms
of coal reserve mining from n; seam of longwall 165 in Li-
sova mine, geometrical and physical parameters have been
defined as for the diagrams of load on hard layers of overcoal
formation (Table 1). The longwall length was 185 m; and
velocity of the longwall face advance was 1.9 m/day.

Data from Table 1 have helped understand that if thick-
ness of 4" hard layer is 20 m then standard loads within the
layer are propagated uniformly taking loads of overlaying
rock seams.

Table 1. Geometrical and physical parameters of diagrams of load on hard layers of the overcoal formation

Geometrical parameters, m

Subsidence, m Physical parameters, MPa

Layer number

do B> f2 Y S1 Smax T2
8 24.4 16.5 54.1 87.6 0.35 0.6 0.82 0.53
4 21.9 16.2 39.8 75.3 0.44 3.1 4.3 2.2
2" 29.1 11.8 16 37.2 0.56 6.8 12.1 3.3
2 25.4 9.6 155 36.8 0.62 8.5 20.5 3.7
1 20.7 7.2 4.3 25.9 0.74 5.5 9.8 3.9

where 2" is at the roof level of a hard rock layer

The phenomenon results from the bridge rock for-
mation using the rock layer having direct influence on the
formation of a support zone within the underlying rock
layers. Propagation of standard loads within the underlying
rock layers differs in sharp variation of geometrical and
physical values. At the level of 2" sandstone layer, maxi-
mum loads are Smax = 20.5 MPa. The loads are 2.7 times
more than the loads in the undisturbed rock mass. Within
the mined-out area, the loads achieve 3.9 MPa which is
almost twice less to compare with the undisturbed rock
mass loads being 7.6 MPa.

Analytical studies of standard loads at the level of 2"
level have been carried out taking into consideration different
velocities of longwall face advance from 1.9 m/day until the
moment mining operations terminate (100 days) within S;
cross (Fig. 2). Table 2 represents the calculation results.

1.9 up to 4.8 m acceleration of a longwall face advance
results in the increase of geometrical parameters of a refe-
rence pressure zone. In this regard, physical parameters grow
and a layer subsidence decreases. In terms of 100-day pa-
rameters of a longwall face advance, subsidence of 2" layer
of the roof rocks achieved their maximum being 1.18 m.

Table 2. Geometrical and physical parameters of diagrams of loads on the lower pack (2™ layer) of the main roof rocks if a longwall face

advance varies

A longwall face Geometrical parameters, m

Subsidence, m

Physical parameters, MPa

advance, m/day a do B2 fa Y S1 Smax T2 Bk Bk2
1.9 20.4 9.6 155 27.8 0.62 8.5 11.6 3.7 18.5 23.8

3.2 15.8 9.0 15.2 23.6 0.57 9.2 14.7 2.8 155 20.6

4.8 125 8.1 154 22.9 0.54 9.0 15.3 1.6 14.2 20.1

100 days 49.6 13.2 16.6 41.4 1.18 7.4 9.2 5.0 9.8 6.7

If a longwall face advance is V,, = 3.2 m/day then geome-
try of a reference pressure zone achieves 23.6 m. 9 m dis-
tancing from a longwall face is its maximum. 14.7 MPa will
be maximum pressure of a support zone. Velocity increase
up to V., =4 m/day will result in the down to 22.9 m de-
crease in the support zone as well as maximum pressure
approaching by 8.1 m, and its growth up to 15.3 MPa. Rela-
tive to loads initiating in the mined-out area in terms of
V,.s = 1.9 m/day and V,, = 3.2 m/day a longwall face advance,
maximum loads above the mined-out area will be 1.6 MPa in
terms of V,, = 4.8 m/day to be 2.3-1.8 times less to compare
with the listed velocities of a longwall face advance.

Over time, geometrical parameters of a support zone also
experience increase in S, cross section (Fig. 2) placed behind
the longwall face at a 100-day distance. They are 41.4 m.
Loads within the mined-out area grow up to 5 MPa achieving
loads in the undisturbed rock mass. The fact is explained by
the availability of thick 3" sandstone layer. Subsidence of a
roof rock layer (cross section S in Figure 2) becomes more
intensive in the mined-out area of the longwall. The loads
start their growth through redistribution and reduction of the
undermined hanging rocks.
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Mining operations influence directly roof rock shift as
well as origination of such geodynamic phenomena as tech-
nogenic fracturing; inrush and failure of roof rocks; and
emergency settlement of longwall supports. Formation of the
overcoal rocks is of uneven nature. Periodicity of dynamics
of rock layer shifts results in the sharp increase of subsiden-
ces. A thick main roof being sandstone with f = 7-8 hardness
and 9.1 m thickness and divided by the calculations into two
packs (i.e. upper h,, = 5.2 m pack and lower h,,, = 3.9 m one)
stipulates behaviour of the roof rocks.

The research has made it possible to understand that in
the process of a longwall face advance, the main roof for-
mation is layered into two packs — upper pack and lower
one. In this regard, the subsidences were calculated individ-
ually for each roof pack. Figure 3 explains findings of time-
ly and spatial subsidences and horizontal shifts of rock lay-
ers of the main roof. Analysis of the findings concerning the
main roof rock subsidence should involve such a notion that
subsidence of the rock packs starts in the support zone 5. At
the same time, there is no any substantial difference in the
subsidence of upper and lower packs of layers.
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Figure 3. Dependencies of timely and spatial changes in subsi-
dences and horizontal shifts of rock layers of the main
roof: (a) upper rock pack (hup =5.2 m); (b) lower pack
(hp=39m); 1-V =19 m/day being a velocity of
the longwall face advance; 2-V =3.2m/day;
3 -V =4.8 m/day; 4 — advance direction of the longwall
face; 5—support zone of abnormal pressure; 6—the
mined-out area of the longwall

The difference in shifts of rock packs of the main roof in
terms of various velocities of a longwall face advance de-
pends upon the layering between them. Along with distanc-
ing from the support zone, a point of layer bend (i.e. the
point within which the bending changes its sign) shifts to the
worked-out area of the longwall. Increase of the longwall
face velocity advance results in dynamic changes in load
parameters from the overlying rock formation on the roof
rock layers. If longwall face advance accelerates up to
4.8 m/day a support zone maximum moves to a geometrical
bend point distancing 30.5 m from the origin (yH) (Fig. 3,
diagram 2). Lower rock pack of the main roof experiences
intensive shift when it is loading the immediate roof rocks
and increasing the layering within the upper pack of the main
roof rocks. Simultaneously with the phenomena, both physi-
cal and geometrical parameters of a support zone vary. The
loads propagate up to a physical bending point (Fig. 3). Sup-
port load increases from 11.6 to 15.3 MPa.

Figure 4 demonstrates physical and geometrical pars of
the reference pressure zone in terms of subsidence of lower
sandstone pack of the main roof.

It should be mentioned that changes in the support zone
parameters happen periodically depending upon a longwall
face advance; it is followed by periodicity in rock layer shifts
as well as reference pressure propagation. Under critical
conditions, a longwall face advance is 2 m/day and lesser
subsidence of lower sandstone pack within a face plane is
138 mm while being 187 mm at the boundaries of the face
area (5 m from a longwall face) (Figs. 3, 5 and 6).
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Figure 4. Diagrams of load on the lower sandstone pack of the
main roof in the context of standard and critical subsi-
dences: 1 — load diagram when a longwall face advance
is 1.9 m/day; 2 — load diagram when a longwall face ad-
vance is 4.8 m/day; 3 — subsidence of lower layer of the
main roof when a longwall face advance is 1.9 m/day
(i.e. critical); 4 — subsidence of lower layer of the main
roof when a longwall face advance is 4.8 m/day (i.e.
standard); 5 —rock layer subsidence within a longwall
face plane; 6 — subsidence of rock layer within the face
area (5 m from the longwall face)

In the context of a lower pack, the situation will be re-
peated every 7-8 meters (9-10 cycles if cutting width of a
shearer is 0.8 m), and every 10-11 meters for an upper pack
(13-14 cycles).

The subsidence periodicity is also typical for the imme-
diate roof rocks (1% layer being sand shale, h;=3.7m,
Figure 1). Such critical subsidences of a roof rock layer result
from the load by overlying rocks within a support zone while
its propagating to a geometrical bending point. Frequency of
the periodicity is observed every 2.56 m or every 3 cycles.

Figure 5 shows both standard and critical subsidences of
the immediate roof rocks within the characteristic points
above a longwall face plane.
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Figure 5. Dependencies of changes in standard as well as critical
subsidences of the immediate roof rocks depending up-
on the longwall face advance velocities: 1,2 - both
standard and critical subsidences within a longwall face
plane; 3, 4 — both standard and critical subsidences near
the face area boundary

Analysis of data in Figure 4 has helped identify that criti-
cal subsidences above a longwall face are 26-33% larger than
the standard ones. Taking into consideration T =100 days,
subsidence of the immediate roof rocks within S, cross sec-
tion (Fig. 2) will be Yyp =152 mm and Y, = 407 mm near
the face area boundary (i.e. at a 5 m distance from the face).

Extra pressure on the roof rocks, acting at the moment of
critical subsidences of rock layers, stipulates formation of
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vertical cracks as well as rock cut within a longwall face
plane. Figure 6 explains studies of extra pressure action on
the immediate roof rocks at the moment of critical subsi-
dences of the immediate roof rock layers.

€
S
s
15
s
o 10 2
2
g s L 1
o —¢
£ 0
| 19 32 48

Stope advance (V), m/day
Figure 6. Results of studies of extra pressure action on the imme-
diate roof rocks at the moment of critical subsidences of
the immediate roof rock layers: 1 —extra pressure on
roof rocks; 2 — reactive moment of critical subsidences

Normal load by the overlying rock formation as well as
tangential stresses within a roof layer results from rock de-
struction by vertical cracks above a longwall face. The poten-
tial of the vertical crack initiation and rock layer cut above a
longwall face increases along with feed velocity and cutting
width of a shearer.

Depending upon a longwall face advance as well as tech-
nological parameters of a coal seam mining, studies of tan-
gential stresses in the roof rock layer helps develop measures
liquidating geodynamic phenomena in the plane of a
longwall area.

Table 3 demonstrates data corresponding to the analytical
scheme identifying tangential stresses influencing 1% rock
layer (i.e. immediate roof) which initiate rock density dis-
turbance by means of vertical cracks depending upon a
longwall face advance (4.8 m/day) and support resistance.

Table 3. Tangential stresses acting on 1% layer of the immediate
roof rocks depending upon a longwall face advance
(4.8 m/day) and support resistance

Resistance Tangential stresses, MPa
by a support Feed velocity of a shearer, m/min
section, MPa 1.5 25 4 5
0.4 0.587/0.47" | 0.56/0.45 | 0.53/0.41 | 0.5/0.39
0.65 0.52/0.45 0.5/0.42 | 0.48/0.38 | 0.46/0.36
0.9 0.48/0.42 | 0.46/0.39 | 0.43/0.35 | 0.41/0.34
1.15 0.44/0.4 | 0.43/0.38 | 0.42/0.33 | 0.39/0.31

* tangential stresses under normal subsidences of roof rocks;
™ tangential stresses under critical subsidences of roof rocks.

The obtained research results (Table 3) help determine
hardness of the immediate roof rocks represented by sand
shale splitting. For the purpose, it is required to calculate
uniaxial compressive strength of sand shale depending upon
a longwall face advance:

RV =R__(04+0.12V), MPa, (11)
comp p
where:
Rcomp. — Uniaxial rock compressive strength, 4 MPa;
V —longwall face advance, 4.8 m/day.
According to the abovementioned formula, rock

compressive strength depending upon a longwall face
advance will be RYemp=3.9MPa. Rock splitting strength
should be identified using the Formula:
RV =0.15RY ,MPa.

adh comp

(12)
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It is 0.59 MPa. Comparison between the calculation re-
sults, shown in Table 3, and splitting rock strength helps
conclude that 4.8 m/day longwall face advance will not
demonstrate the development of vertical cracks within a face
area. The velocity deceleration down 2 m/day and less will
result in vertical crack initiation which will stipulate rock
layer density disturbance above a longwall face as well as
rock failure in the working longwall space. To prevent nega-
tive geodynamic phenomena in roof rocks along a plane of a
longwall face area due to the longwall face advance decelera-
tion down to 2 m/day, feed velocity of a shearer should not
be more than 1.1 m/min.

A longwall face advance impacts directly rock layer sub-
sidence as well as density disturbance. Roof rock state and a
longwall face advance are directly dependent. Advance ac-
celeration decreases the possibility of geodynamic phenome-
non initiation in the roof rocks.

4. Conclusions

The involved method, studying stress-strain state of rock
mass, helps identify both geometrical and physical parame-
ters of stress fields in the neighbourhood of a longwall face
varying dynamics of the geomechanical situation in the
neighbourhood of a mining site.

For safe operations, a longwall face advance should be
within 2.2-4.8 m/day. In the context of the recommended
minimum velocity being 2.2 m/day, miners have to provide
no less than 6-cycle day advance. The potential of vertical
crack initiation as well as rock layer cut above a longwall
face grows depending upon the increase in a feed width and
operation width when coal is mined by means of a shearer.

Under standard loading conditions after immediate roof
caving and in terms of 2.2 m/day velocity of longwall face
advance as well as 6 cycles, a shearer speed should not be more
than 2 m/min. As for the critical loading conditions in the roof
rocks during a mining cycle seven and further till following
roof caving, a shearer speed should not exceed 1.1 m/min.

Value of 2.7-4.4 m/min shearer feed has to be kept
while coal mining. Under 2 m/min and less velocity of a
longwall face advance, critical subsidences of roof rocks
are 0.7-1.1 MPa the abovementioned provides the de-
creased probability in roof rock failure in the working
longwall area. While coal mining, critical loads are of cy-
clic nature. Consequently, specific support resistance in a
longwall should not be less than 0.8 MPa.
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OOrpyHTYBaHHS BIUIUBY IIBUAKOCTi MOCYBAHHS 0YHMCHOr0 BHOOIO
Ha HANpY>KeHO-1e()OPMOBAHMIi CTAH riPCHLKOro MacuBy

4. lllaBapcrkwmii, B. @anpmtunacekuit, P. [InakoBesknii, O. AkimoB, J[. Cana, B. Bykeros

Mera. [locmikeHHsT BIUIMBY IIBHIKOCTI HOCYBAaHHS OYHCHOTO BHOOIO Ha T€OMEXaHIYHY CUTYAIlil0 HaBKOJIO BHIOOYBHOI IUTBHUII Ha
OCHOBI BCTAHOBJICHHS 3MiHM HOPMAJIHUX Ta KPUTHYHUX OITyCKaHb ITOPia 0e3n0cepeHb0i MOKPIBIIi.

Metonuxka. [l HOCTiKEHHS] TeOMEeXaHigYHOI CHTyallil HaBKOJO BUIOOYBHOI TiMTBHHUI aBTOpaMH poOOTH 3aCTOCOBAHO MPOTPAMHHI
npoxaykr “GeoDenamics Lite”, po3pobaennii y HTY “JHinpoBcbka mmoJliTexHika”. B OCHOBY JaHOTO MPOTPAMHOIO MPOAYKTY MOKIaIEHO
METOJI PO3paxyHKy HampykeHo-nedopmoBanoro crany nopia npodecopa O.B. CaBocThsiHOBA. JIOIIBHICTE BUOOPY MPOTPAMHOTO MPOIYKTY
IPYHTYEThCSI Ha 3a0e3MeueHHi KepOBaHICTIO Ta aJIalTalli€l0 TEXHOJOTIYHOTO MpoIecy BHAOOYTKY BYTULIS OO0 3MiH FeOAMHAMIYHHX IIOJIB
HaNpy>XEHb y aHi30TPOITHOMY TIOPOI0-BYTIIBHOMY CEPEIOBHIIL, 110 BIUIMBAE HA 3MIHY TEXHOJIOTIYHUX MApaMETPIiB Y MPOCTOPI Ta YacCi.

Pe3yabTaTn. BunineHo ocHOBHI mpoOieMH MOB’s3aHi 31 3MIHOIO IIBUIKOCTI MMOCYBaHHS OYHCHOTO BHOOX. Bmepmie ans ripHHYO-
reosiorivHuX ymoB maxtu “Jlicoa” A1 “JIeBiBBYTLLIA” OOy IOBaHAa pO3paxyHKOBA cXeMa JOTHYHUX HANpyXKeHb y HIapi mopin Oesmocepe-
JTHBOI TIOKPIBJIi B yMOBax BHIMKH BYTUJIBHOTO IUIACTa CIIAPSHUMM JIAaBaMH, IIO J03BOJISIE BCTAHOBHUTH (i3WYHI Ta T€OMETPUYHI MapaMeTpH
HOPMaJIbPHUX HABAHTA)XEHb y TOBIL TOPif.

HaykoBa HoBHW3Ha. BCTaHOBIIGHO 3ae)KHOCTI 3MiHH OIyCKaHb Ta TOPU30HTAJIBHHUX MEPEMIllleHb y MPOCTOpi i Yaci HOPOAHMX LIApiB
OCHOBHOI TOKpiBi (BepXHBOT MOPOAHOT MaukH hen = 5.2 M, HIKHBOT TAYKH Nun = 3.9 M P 3MiHHIN MIBUAKOCTI MOCYBaHHS BUOOIO JaBH Bijl
1.9 o 4.8 M/no6y. Buznaueno ¢i3u4Hi Ta reoMeTpUYHI TapaMeTPU OIIOPHOT 30HU THCKY Ta IPHU OITyCKAaHHI HIDKHBOT ITAaYKH MTICKOBHKY OCHO-
BHOI MOKpiBii. JIOC/HiKeHO BIUIMB JOJAaTKOBUX CHJ THCKY Ha MOPOJH Oe3MmocepenHbol MOKPIBIi y MOMEHT KPUTHYHUX OIMYCKaHb LIApy
nopin 6e3nocepenHboi nmokpismi. [Ipu 11boMy HOpMaiIbHE IPUBAHTAXXEHHS 3 OOKY BHUIIEIEkKavol ITIOPOTHOT TOBIII Ta JOTHYHI HAIPYKEHHS Y
mIapi MOKPIBIII € IPUYHHOIO PYIHYBaHHS MOP1J BEPTHKAIEHUMH TPIIIMHAMY HaJ OYHCHUM BHOOEM.

IIpakTHyHa 3HaYNMicTh. Po3pobiieHa iHKeHepHa METOAMKA, 110 03BOJISIE BUSHAYUTH NIApAMETPH BIUIMBY LIBHAKOCTI OCYBaHHSI OUHCHO-
ro BHOOIO Ha TE€OMEXaHIYHYy CHUTyalil0 HAaBKOJO BHAOOYBHOI AUTBHHLII. Lle m03BONISIE B MOAATBIIOMY IPOTHO3YBATH 3MiHY MapamMeTpiB 30HU
OIIOPHOTO THCKY HAaBKOJIO OYMCHOTO BHOOO Ta YHUKHYTH KPUTHYHUX CHUTYAIliH OO0 MOCAIKH MEXaHI30BaHOTO KPIIUICHHS Ha ““KOPCTKO”.

Knrwwuoei cnosa: wiaxma, ouucnuil 6ubitl, 8y2inbHull NIACMA, 2IPCbKULl MACUS8, HANPYHCEHO-0epOpMOBaAnULl CMaH
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