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The object of this study is the condition
of side rocks in a coal rock massif with pre-
paratory workings. The task solved was to
ensure the stability of preparatory workings
to improve the safety of miners’ activities.

The bearing capacity of protective struc-
tures in the preparatory mining workings
along the length of the excavation section in
a coal mine was comparatively assessed.

The operational condition of the roll-back
stretch, when using a protective technique
that involves coal pillars, is provided for at
their relative deformation £<0.25 and rela-
tive volume change 8V <0.1. At a distance of
I>50 m behind the cleaning pit, at €>0.6-0.8,
there is a decrease in the load-bearing capa-
city of coal pillars and the destruction of the
roof. The loss of cross-sectional area of the
roll-back stretch is 50 %. Under such con-
ditions, the level of a roof collapse threat is
approaching a critical state. When using
rolling bundles made of wooden sleepers at
£>0.21 and §V>0.16, conditions are created
around the preparatory workings at which
the integrity of the roof'is ensured through the
gradual sealing of protective structures. At
a distance I>60 m, the increase in lateral rock
displacements reaches the minimum values
AU=10 mm, and the loss of the cross-sec-
tional area of the roll-back stretch is 30 %.

The kind of functional dependence between
the length | (m) of the roll-back stretch with
different protection techniques and the rela-
tive change in the volume dV of protective
structures was experimentally determined.
Such a dependence makes it possible to assess
the bearing capacity of protective structures
along the length of the excavation area in the
zone of active influence of mountain pressure
behind the cleaning pit.

The operational condition of roll-back
stretches when using coal pillars is ensured
within the limits of their deformation resource,
which limits the use of this protection tech-
nique. To ensure the stability of preparatory
workings, it is advisable to use rolled bundles
made of wooden sleepers. After their compac-
tion, the movement of side rocks is limited in
the worked-out space of the excavation site
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1. Introduction

The world experience of coal mines indicates that the
effectiveness of working out coal seams under safe conditions
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depends to a large extent on the stability of the preparatory
mine workings. To ensure their operational condition, vari-
ous protection techniques are offered, the use of which makes
it possible to preserve the integrity of side rocks around the




workings. But the practiced protection techniques (coal pil-
lars, bundles made of wooden risers, wooden bundles) do not
always ensure the integrity of the roof and the stability of
preparatory workings along the length of the excavation site.

Under conditions of steep coal seams, the specificity of
maintaining preparatory mine workings in excavation sec-
tions of coal mines is determined by the angle of inclination
of the seams, the fracture nature of the coal rock massif, and
the disturbance of the roof. Under such conditions, the sta-
bility of workings behind the cleaning hole deteriorates, the
fastening is deformed, which contributes to the accident from
the collapse of stratified rocks.

The operational condition of preparatory workings is en-
sured by the performance of repair operations. The length of
the workings being repaired or re-fastened is about 50 % in re-
lation to the completed workings. The labor intensity of repair
work is constantly increasing, which is determined not only
by difficult mining and geological conditions but also by the
types of operation during the renewal of workings. To a large
extent, this is due to the lack of reliable and effective ways to
ensure the stability of roll-back stretches, taking into account
the bearing capacity of protective structures. Therefore, the
task to ensure the stability of roll-back stretches of steep for-
mations is urgent. It can be solved by improving protection
techniques for preparatory workings when considering opera-
tional issues related to protective structures. In general, when
solving this task, it is necessary to compare the bearing capa-
city of protective structures, their mechanical characteristics,
and the physical-mechanical characteristics of side rocks in
a coal rock massif. Scientific research into this area is important.
After all, using the results will allow us to devise measures
aimed at preventing the collapse of side rocks, limiting their
movements in the produced space of a coal rock massif, as well
as preserving the stability of roll-back stretches.

In the coal pillar-free preparation of excavation sites un-
der conditions of a steep fall, wooden bundles are used to pro-
tect the roll-back stretches [5]. It is believed [6] that wooden
bundles reach their greatest resistance at a shrinkage of 50 %.

The disadvantages of such protective structures are the
imperfection of their mechanical characteristics and the slow
growth of resistance during displacements of lateral rocks
in the worked-out space. However, taking into account the
number and layout of the components of a wooden bundle,
it is possible to increase their rigidity [7].

In the case of intensive displacements of lateral rocks in
the zone of active influence of rock pressure, deformation
of the flexible arch support and its individual elements is
observed. To improve the stability of the preparatory mine
workings, it is proposed to increase the density of installation
of arch fasteners along the length of the excavation site [8].
Such a technical solution does not radically affect the reduc-
tion of displacements of side rocks on the working contour.
Fasteners passively affect the near-contour array.

All this allows us to state that in order to ensure the opera-
tional condition of the preparatory workings along the length
of the excavation site, the issue of their stability should be con-
sidered together with the assessment of the bearing capacity
of protective structures. This approach will make it possible to
estimate the change in the cross-sectional area of the roll-back
stretches, which is necessary when justifying the choice of the
protection technique for workings. The study of the deforma-
tion properties of protective structures, as well as the assess-
ment of their bearing capacity, is an important component in
the analysis of stability of preparatory mine workings, which is
carried out to solve the issues of improving the safety of miners
and the efficiency of coal mining. Therefore, it is a relevant
task to investigate the deformation properties of protective
structures and assess their bearing capacity in mines.

2. Literature review and problem statement

3. The aim and objectives of the study

In order to ensure the stability of preparatory mining
workings in the excavation area of a coal mine, it is necessary
to correctly choose the shape and dimensions of the cross-sec-
tion, the parameters of the arch fastening and protective
structures, which are erected on the border with the worked-
out space.

On layers of a steep fall, the protection of preparatory min-
ing workings is carried out by coal pillars or various wooden
structures [1, 2]. It is shown that a protective coal pillar of
limited dimensions is a classic object in the linear mechanics
of destruction. When the coal rock massif is unloaded, the
coal pillar enters the ultimate stress-strain state. The presence
of defects in it reduces the bearing capacity of the protective
structure [3]. It is important to note that under such condi-
tions, coal pillars are prone to destruction and shedding. This
situation leads to the appearance of cavities above the prepa-
ratory workings and deterioration of stability. The reason for
this may be the lack of assessment of the bearing capacity of
the protective structure when operating the workings.

As the depth of mining operations increases, the size of
coal pillars also increases. At the same time, it becomes diffi-
cult to work out the coal reserves in the neighboring layers.
The reason is the concentration of loads in coal pillars and
side rocks [4]. All this has a negative impact on the stability
of side rocks and protective structures. Over time, their de-
struction occurs, as well as collapse into the workings.

The purpose of our study is to determine the influence of
the deformation properties of coal pillars and rolled bundles
made of wooden sleepers on the stability of roll-back stretches
at steep formations. This approach makes it possible to assess
the bearing capacity of protective structures along the length
of the mining area to ensure safe working conditions for miners
and increase coal production.

To achieve the goal, the following tasks were set:

— to investigate the stability of a roll-back stretch for the
case of protection technique involving coal pillars, taking
into account the increase in the displacements of side rocks
on the contour of the preparatory workings;

— to investigate the stability of a roll-back stretch for the
case of protection technique involving rolled bundles made
of wooden sleepers, taking into account the increase in lateral
rock displacements on the contour of the preparatory workings;

—to carry out a comparative assessment of the bearing
capacity of protective structures to substantiate the stability
of a roll-back stretch with different protection techniques at
the excavation site of a coal mine.

4. The study materials and methods

The object of our study is the condition of side rocks in
a coal rock massif with preparatory workings. It is believed [3]



that the internal potential energy of objects of the mecha-
nics of a deformed body under static loading has critical
values, on which the stress-strain state depends. Beyond
them, there is a decrease in the strength of protective
structures and a change in their relative volume, which
significantly affects the stability of preparatory workings.
When unloading a coal rock massif, the behavior and
stress-strain state of protective structures is considered by
the change in their relative volume. This parameter was
determined based on data from the measurements of con-
vergence of the lateral rocks on the contour of a roll-back
stretch, based on the relative deformation A, which simpli-
fies calculations.

In order to study the stability of a roll-back line at the ex-
cavation site and to assess the bearing capacity of protective
structures, field experiments were conducted at the "Central-
na" mine, DP "Toretskvugilya". In the excavation area of the
layer 5, the roll-back stretch was protected by coal pillars. Di-
mensions of the protective structure: height, 8 m; width, 5 m.
In the extraction area of layer [ the roll-back stretch
was protected by rolled bundles made of wooden sleepers.
Dimensions of the protective structure: height, 6 m; width, 5 m.
The length of each experimental site /=100 m. The depth of
mining operations is 1146 m. The scheme of the experimental
sites is shown in Fig. 1. The mining and geological conditions
of the experimental sites are given in Table 1.

The scheme of the measuring station and the location
of reference points on the contour of a roll-back stretch are
shown in Fig. 2.

Changes in the cross-sectional area of a roll-back stretch
with different protection techniques were established at the
measuring station as the cleaning pit moved forward. The
width B (m) and height H (m) of the workings were deter-
mined. After their registration, the area of the cross-section
of the roll-back stretch was determined.

All measurements (distance between reference points, the
height and width of workings) were carried out using a sur-

The cross-sectional area of the roll-back stretch §=8.5 m?.
The distance between the frames of the arch flexible fasten-
ing (AP-3) is 0.8 m. Stretching along the layer /5 and /s was
carried out with the help of blasting operations. The speed
of roll-back stretch execution in the layer /5is 10 m/month,
in the layer /g is 12 m/month. The speed of cleaning works
on layer /5 and on layer /5 is 8 m/month. The method for
managing the roof in the clearing of a pothole is the complete
collapse of the roof.

The relative deformation of the protective structure was
determined from the following expression [9]:

-

ho (1)

where AZ is the convergence of side rocks according to the
measurements in the roll-back stretch, m; % is the height of
the protective structure, m.

The value Ak (i) was taken to be a change in the distance
between reference points 1 and 3 on the contour of a roll-
back stretch, i.e.:

Ah=U,_5.

The height of the protective structure / (m) corresponded
to the thickness of the coal seam:

h=m.

As an indicative indicator for the stability analysis of
roll-back stretches, taking into account the displacements
of side rocks, the value of increase in the roof displace-
ments AU (mm) on the contour of a roll-back stretch with
different protection techniques was used [5].

The increase in displacements of the roof on the working
contour as it moves away from the cleaning face along the length
of the excavation site was determined similar to [5, 10, 11]:

veyor’s tape measure. The measurement error was +2 mm. AU=U-3)i~Uc1-3i-1. 2)
Table 1
Mining and geological conditions of experimental sites
Side rocks
Angle of .
.Laycr incidence o, Thick- Roof Sole
index d ness m, m
cgree Direct Dominant Direct Dominant
Clay shale with Clay shale with Clay shale, sandy-clay Sandstone with
I5 59 0.6 a thickness of up to a thickness of up to | shale with a thickness | a thickness of up to
m=1.7-2.5m m=10m of up tom=2.0 m m=10m
Clay shale with Clay shale with Clay shale with Clay shale with
Is 59 0.62 a thickness of up to a thickness of up to a thickness of up to a thickness of up to
m=1.1m m=8-10m m=0.8-2.5m m=2.5-4.4m
VaD
~—

Fig. 1. Schematic of experimental sites: a — along the layer /5 when coal pillars are used; b — along the layer /5 when

using rolled bundles made of wooden sleepers to protect the roll-back stretch; 1 — roll-back stretch; 2 — coal pillars; 3 — rolled

bundles made of wooden sleepers; the height of a coal pillar is 8 m, the width is 5 m; the height of the rolled bundle is 6 m,
the width is 5 m; Vi, Vap — speed of cleaning and preparatory operations; MSis a measuring station
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Fig. 2. Schematic of the measuring station
for determining the displacements of side rocks on the
contour of a roll-back stretch and the change in the cross-
sectional area of preparatory workings along the length of
the excavation section: 1, 2, 3, 4 — reference points;
1—-2, 1-3, 1—4, 2—3 — displacement of reference points 1, 2
in the direction of 3, 4; H— height of workings, m;
B — height of workings, m; o is the incidence angle
of the formation, degrees

Application of the simple moving (sliding) average me-
thod [10, 11] with an averaging period of 2 is necessary for
smoothing short-term fluctuations, i.e.:

AU,-AU,
—

AU = 3)

The relative change in the volume of protective struc-
tures 8V during unloading of the coal rock massif was deter-
mined from the following expression [12]:

SV=(1-2v)1, (4)

where v is Poisson’s ratio.

It should be noted that when considering the results of the
research, the combination of experimental data on plots was
meant to visualize the change in lateral rock displacements
U (mm), the increase in displacements AU (mm), the cross-sec-
tional area S (m?) of a roll-back stretch along the length / (m)
of the experimental site. Also, to visualize the change in the
cross-sectional area S (m?) depending on the relative defor-
mation e and the relative change in the volume of protective
structures 8V when unloading the coal rock massif.

3. Results of investigating the stability of roll-back
stretches taking into account the deformation properties
of protective structures and their bearing capacity

5. 1. Results of investigating the stability of a roll-back
stretch when protecting with coal pillars

Our studies on the stability of a roll-back stretch with the
protection technique using coal pillars were carried out on
the experimental section of the layer /5 with length /=100 m
behind the cleaning pit in the zone of active influence of
mountain pressure.

Fig. 3 shows the plots of displacements of side rocks on the
contour of a roll-back stretch with the protection technique
using coal pillars along the length of the experimental section.

It was recorded that the displacement of the roof on
the contour of a roll-back stretch (movement of reference

points 1 and 2 in the direction of reference point 3) increa-
ses from U;_3=80 mm and U,_3=40 mm at distance /=10 m
to the values U; 3=520 mm and U, 3=440 mm at distance
/=100 m behind the cleaning pit (Fig. 3, curves 1, 2).
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Fig. 3. Plots of displacements of side rocks U (mm)
on the contour of a roll-back stretch of the layer /5 for the
case of protection technique using coal pillars along the
length /(m) of the experimental section: 1 — displacement of
reference points 1—3; 2 — displacement of rappers 2—3;
3 — displacement of reference points 2—4; 4 — displacement
of reference points 1—4

The displacement of the sides of the working (movement
of reference point 2 in the direction of reference point 4)
reaches the values Us_;=280 mm at distance /=100 m behind
the cleaning pit (Fig. 3, curve 3). The rise of the rocks of the
sole in a roll-back stretch (movement of reference point 1
in the direction of reference point 4) is U; 4=150 mm at
/=100 m behind the cleaning pit (Fig. 3, curve 4).

Fig. 4 shows the plots of change in the cross-sectional
area and increase in the displacements of lateral rocks on the
contour of a roll-back stretch along the length of the expe-
rimental site.
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Fig. 4. Plots of change in the cross-sectional area S (m?2)
and increase in the displacements AU (mm) of side rocks on
the contour of a roll-back stretch when using a protection
technique with coal pillars along the length /(m) of the
experimental section: 1 — S(m?); 2 — AU (mm)

Our plots (Fig. 4) demonstrate that the cross-sectional
area of a roll-back stretch changes along the length of the ex-
perimental site. Such a change was recorded from §=8.5 m? at
the junction of the mine with the preparatory workings (/=0)
to S=4.2 m? at distance /=100 m behind the cleaning
pit (Fig. 4, curve 1). At the same time, the increase in dis-
placements of the roof in the area of 20</<50 m decreases
from AU=44 mm to AU=22 mm, which indicates a static load
on the coal pillar and an increase in its resistance as a result of
unloading the coal rock massif (Fig. 4, curve 2).



In the area of 50</<70 m, the increase in displacement of
the roof increases to the value AU=46 mm (Fig. 4, curve 2).
The coal pillar loses stability, the bearing capacity decreases.
At distance />75 m behind the cleaning hole, the increase in
roof displacements increases from AU=25 mm to AU=65 mm
at distance /=98 m (Fig. 4, curve 2). The complete destruction
of the protective structure, the spilling of coal and stratified
side rocks into the mine is noted. At the same time, the fas-
tening of the preparatory workings is strongly deformed. The
loss of the cross-sectional area of a roll-back stretch is 50 %.

5. 2. Results of investigating the stability of a roll-back
stretch when protected by rolled bundles made of wooden
sleepers

Our studies on the stability of roll-back stretches with
the protection technique involving rolled bundles made of
wooden sleepers were carried out on the experimental section
of the layer [ with length /=100 m behind the cleaning hole
in the zone of active influence of mountain pressure.

Fig. 5 shows the plots of displacements of lateral rocks
on the contour of a roll-back stretch along the length of the
experimental site.
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Fig. 5. Plots of displacements of lateral rocks AU (mm)
on the contour of a roll-back stretch of the layer /; with the
protection technique using rolled bundles made of wooden
sleepers along the length /(m) of the experimental section:
1 — displacement of reference points 1—3; 2 — displacement

of reference points 2—3; 3 — displacement of reference

points 2—4; 4 — displacement of reference points 1—4

The maximum displacements of lateral rocks on the
contour of the preparatory workings are recorded from the
side of the roof. The magnitudes of movement of reference
points 1 and 2 in the direction of reference point 3 at dis-
tance /=100 m behind the cleaning pit is U;_3=380 mm and
U 3=280 mm (Fig. 5, curves 1, 2). The minimum values of
the movement of reference points at /=100 m were recorded
when reference point 1 was moved in the direction of refe-
rence point 4 and is U;_4=190 mm (Fig. 5, curve 4). The dis-
placements of the sides of the workings were recorded in the
direction of reference points 2—4 and, at /=100 m, equaled
U, 4=230 mm (Fig. 5, curve 3).

Fig. 6 shows the plots of change in the cross-sectional
area and increase in the displacements of lateral rocks along
the length of the experimental site.

It was recorded that the cross-sectional area of a roll-
back stretch changes from $=8.5 m? (at A=0) to $=5.95 m?
at distance /=100 m behind the clearing pit (Fig. 6, curve 1).
At the same time, on the 20</<60 m section, the increase in
roof displacements decreases from AU=68 mm to AU=37 mm.
On the 50</<60 m section, the increase in roof displace-

ments increases to the value AU=52 mm and then decreases
to the value AU=10 mm (Fig. 6, curve 2). This can be ex-
plained by the compaction of protective structures in the
sections at /=20-50 m and /=60-80 m. After compaction
of the rolled bundles from sleepers, on the section />70 m,
the cross-sectional area of a roll-back stretch practically does
not change. Area losses are 30 %.
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Fig. 6. Plots of change in the cross-sectional area S (m?)
and increase in the displacements AU (mm) of side rocks
on the contour of a roll-back stretch with the protection
technique using rolled bundles made of wooden sleepers
along the length /(m) of the experimental site:
1—8(m?);2— AU (mm)

5. 3. Comparative assessment of the bearing capacity
of protective structures to substantiate the stability of
aroll-back stretch with different protection techniques

A comparative assessment of the bearing capacity of pro-
tective structures was performed on the basis of experimental
data on the increase in displacements AU (mm) of side rocks
on the contour of a roll-back stretch. The relative deforma-
tion of coal pillars and rolled bundles and the relative change
in their volume 8V when the coal rock massif was unloaded
were also taken into account.

Fig. 7 shows the plots of change in the increase in displace-
ments of lateral rocks on the contour of a roll-back stretch due
to the relative deformation of protective structures.

When protecting a roll-back stretch by coal pillars and
their deformation up to 25 %, the protective structures work
under the mode of resistance growth. With an increase in
the relative deformation £>0.25, there is an increase in the
displacement of the roof, which indicates the loss of stability
of the protective structure. As the process of crack formation
in coal pillars develops and their deformation exceeds 60 %,
the increase in roof displacements increases until the com-
plete destruction of the protective structure (Fig. 7, curve 1).
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Fig. 7. Plots of change in the increase in displacements
AU (mm) of side rocks on the contour of a roll-back stretch
due to the relative deformation € of the protective structure:
1 — coal pillars; 2 — rolled bundles from wooden sleepers



With the step-by-step deformation of rolled bundles
made of wooden sleepers from 22 % to 40 % and from 50 % to
55 %, the increase in displacements of the roof constantly de-
creases. Such an interaction of side rocks with rolled bundles
under their static load indicates the operation of protective
structures under the mode of increasing resistance. The ma-
ximum compression of rolled bundles occurs at their relative
deformation £€=0.55, after which the further movement of
side rocks is limited (Fig. 7, curve 2).

Table 2 gives experimental data on changes in the defor-
mation properties of protective structures along the length of
the excavation site. Taking these data into account, the plots
shown in Fig. 8—12 were constructed.

Table 2
Deformation properties of protective structures
in preparatory mine workings, established on an experimental
site with length /(m)

Protective structure
[, m Coal pillars Rolled bundles from sleepers
SV € %
0 0 0 0 0
10 0.1 0.04 0.16 0.15
200 0.14 0.05 0.24 0.23
30 0.2 0.08 0.32 0.3
40 0.23 0.09 0.35 0.33
50 0.25 0.1 0.4 0.41
60 0.43 0.17 0.5 0.48
70 0.5 0.2 0.53 0.5
80 0.63 0.25 0.56 0.53
90 0.83 0.33 0.59 0.56
100 0.86 0.34 0.61 0.58

Fig. 8 shows the plots of changes in the cross-sectional area
of a roll-back stretch with different protection techniques de-
pending on the relative deformation of protective structures.
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Fig. 8. Plots of change in the cross-sectional area S (m?)
of a roll-back stretch due to the relative deformation €
of the protective structure: 1 — coal pillars; 2 — rolled

bundles from wooden sleepers

The plots (Fig. 8) demonstrate that when using the tech-
nique of protecting a roll-back stretch with coal pillars, the
cross-sectional area changes from $=8.0 m? to §=7.5 m? when
the protective structure is deformed to the value €=0.23.
When the deformation of a coal pillar is greater than £>0.25,
the section of the stretch decreases and, at £€=0.86, it is

equal to §=4.2 m? (Fig. 8, curve 1). This condition of the
preparatory workings is associated with the loss of stability
of the protective structure and, over time, a decrease in the
load-bearing capacity.

When protecting a roll-back stretch with rolled bundles
made of wooden sleepers, the section of a roll-back stretch
decreases from §=8.4 m%at e=0.15to S=5.95 m?at £=0.6, i.e.,
as the protection structures are compacted (Fig. 8, curve 2).

A similar situation occurs when determining the in-
fluence of the relative change in the volume of protective
structures dV on the change in the cross-sectional area of
the mine S (m?) as a result of unloading the coal rock massif.
When protecting a roll-back stretch with coal pillars, the
cross-sectional area of a roll-back stretch decreases after
the loss of stability of the protective structure. The relative
volume change from 8V=0.1 to 8V=0.34 is recorded in the
process of loss of stability and destruction of the protective
structure (Fig. 9, curve 1). Under such conditions, the con-
dition of the roof deteriorates, and its stability is not ensured.
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Fig. 9. Plots of change in the cross-sectional area S (m?)
of aroll-back stretch as a result of the relative change
in the volume of protective structures 8 V: 1 — coal pillars;
2 — rolled bundles from wooden sleepers

When using rolled bundles made of wooden sleepers, the
cross-sectional area decreases with a relative change in vo-
lume from 8V=0.16 to 8V=0.5 (Fig. 9, curve 2).

Fig. 10 shows the plots of relative change in the volume of
protective structures due to their longitudinal deformation.

0.6

05

04
£
503
<

0.2

0.1

0
0 0.1 02 03 04 05 0.6

[\
o] 2

Fig. 10. Plots of relative change in the volume of protective
structures &V due to their longitudinal deformation A (m)
when the coal rock massif is unloaded: 1 — coal pillars;

2 — rolled bundles from wooden sleepers

For coal pillars, with an increase in longitudinal defor-
mation from A2=0.08 m to Ak=0.52 m, the relative change



in the volume of protective structures is from 8V=0.04 to
8V=0.34 (Fig. 10, curve 1).

For rolled bundles made of wooden sleepers, when
the longitudinal deformation changes from AA=0.1m to
Ah=0.37 m, the relative volume change is from 8V=0.15 to
8V=0.58 (Fig. 10, curve 2).

Fig. 11 shows the plots of relative change in the volume
of protective structures 8V against their relative deformation.
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Fig. 11. Plots of relative change in the volume of
protective structures &V against their relative deformation &:
1 — coal pillars; 2 — rolled bundles from wooden sleepers

For coal pillars, the change in parameter 8V is recorded
from 0.04 to 0.34 with an increase in relative deforma-
tion from £=0.1 to £=0.86 according to a linear relation-
ship (Fig. 11, curve 1). When using rolled bundles made of
wooden sleepers, when the relative deformation changes
from £=0.16 to €=0.61, the relative volume change is from
dV=0.15 to 8V=0.58 (Fig. 10, curve 2).

Fig. 12 shows the plots of relative change in the volume
of protective structures in preparatory workings along the
length of the excavation site.

It was established that when protecting workings with
coal pillars, with an increase in the length of the excavation
area from /=10 m to /=100 m behind the cleaning pit, the re-
lative change in the volume of protective structures increases
from 8V=0.04 to 8V=0.34 (Fig. 12, curve 1). There is an
exponential dependence of the following type between the
studied parameters:

8V=0.0344¢0-0245, 5)

with the coefficient of determination R?=0.96 [13, 14].
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Fig. 12. Plots of relative change in the volume of protective
structures &V along the length of the excavation site /(m):
1 — coal pillars; 2 — rolled bundles from wooden sleepers

When rolled bundles made of wooden sleepers are used
for protecting the roll-back stretch, with an increase in the
parameter [ from 10 m to 100 m, the relative change in the
volume of protective structures increases from §V=0.15 to
8V=0.58 (Fig. 12, curve 2). There is a logarithmic relation-
ship between the parameters / (m) and 3V:

8V=0.1985In(/)-0.3499, (6)

with the coefficient of determination R?=0.96 [13, 14].

The established dependences characterize the deformation
properties of protective structures associated with the process
of their destruction or compaction, which makes it possible to
estimate the load-bearing capacity of the structures.

6. Discussion of results of investigating the roll-back
stretches taking into account the deformation properties
of structures and their bearing capacity

Based on the results of mine research on the stability of
a roll-back stretch under different protection techniques,
a comparative assessment of the bearing capacity of protective
structures was performed. To assess the bearing capacity of
protective structures, experimental data on the displacements
of lateral rocks and their growth on the contour of a roll-back
stretch along the length of the excavation site were used. At the
same time, the change in the cross-sectional area of a roll-back
stretch was determined. This makes it possible to comparative-
ly assess the bearing capacity of protective structures and the
effectiveness of protection techniques in preparatory workings.

In order to assess the deformation properties of protective
structures in the area affected by the cleaning works behind the
cleaning pit and to determine their influence on the stability of
preparatory workings, the value of their relative deformation
and the relative change in volume were determined.

Analysis of the displacement plots of side rocks on the
contour of the preparatory workings with different protection
techniques (Fig. 3,5) allows us to state that the deformation
of the arch flexible fastening occurs most intensively on the
side of the roof. This is confirmed by experimental data, which
recorded the maximum movements of reference points 1 and 2
in the direction of reference point 3 (Fig. 3, 5, curves 1, 2). The
loss of the cross-sectional area of a roll-back stretch along the
length of the experimental site with the protection technique
using coal pillars is 50 % (Fig. 4, curve 1) and 30 % when ap-
plying rolled bundles made of wooden sleepers (Fig. 5, curve 1).

When the resistance of a coal pillar increases (section
[=20-50 m), at the relative deformation of £<0.25, the in-
crease in roof displacements from AU=44 mm to AU=23 mm
occurs. The loss of the cross-sectional area is 30 % and is
within the limits of the flexibility of the arch fastener in-
stalled in a roll-back stretch (Fig. 4, curves 1, 2). However,
after the loss of stability by the protective structure (/=50 m,
€=0.25), its bearing capacity decreases. An increase in the
displacement of the roof is also recorded, which continues un-
til the complete destruction of coal pillars (AU=55-68 mm,
[=98 m, €=0.8) (Fig. 4, curve 2; Fig.7, curve 1). Under
such conditions, the loss of stability by a roll-back stretch
is 50 % (Fig. 4, curve 1), and the level of the threat of roof
collapse after delamination is approaching a critical state.

When using rolled bundles made of wooden sleepers and
increasing the relative deformation of protective structures
from £=0.22 to e=0.4 (section /=20—50 m), the increase in roof



displacements decreases from AU=70 mm to AU=25 mm. After
the second stage of compaction (section /=50—-60 m), when the
relative deformation of the protective structure changes from
€=0.4 to €=0.5, the increase in roof displacements increases to
the value AU=50 mm. At distance />60 m, there is an increase
in the resistance of rolled bundles, due to which the increase in
roof displacements decreases to the value AU=10 mm (/=80 m)
(Fig. 6,7, curve 2). Under such conditions, the movement of
side rocks on the contour of a roll-back stretch is limited, and
their collapse into the working becomes impossible.

Analysis of the plots of change in the cross-sectional
area S (m?) of a roll-back stretch due to the relative deforma-
tion e and change in the volume of protective structures 8V
indicates a significant loss (50 %) of the cross-sectional
area after the loss of the load-bearing capacity of coal pil-
lars (¢=0.25-0.86) (Fig. 8, curve 1). When using rolled bun-
dles made of wooden sleepers, the deformation of the arch
attachment along the length of the notch section occurs gra-
dually. After the protective structure is sealed, at €>0.55, the
deformation of the fastening stops. The loss of cross-sectional
area is 30 % (Fig. 8, curve 2). This situation is explained by
the relative change in the volume of protective structures
along the length of the excavation site (Fig. 9, curves 1, 2).

For coal pillars, after loss of stability (Fig.7, curve 1),
with an increase in longitudinal deformation A% (m), relative
change in volume 8V (Fig. 11, curve 1), their destruction
and reduction in bearing capacity occur. As a result of such
processes in the coal-bearing massif, an increase in the
displacements of roof increases (Fig.7, curve 1), and the
cross-sectional area decreases (Fig. 8, 9, curve 1).

For rolled bundles made of wooden sleepers, the increase
in longitudinal deformation Ak (m) contributes to the com-
paction of protective structures due to a relative change in
their volume (Fig. 11, curve 1). After that, the increase in
displacements of the roof decreases (Fig.7, curve 2), and
the loss of the cross-sectional area of a roll-back stretch
stops (Fig. 8,9, curve 2).

It was experimentally established that in the excavation
area of a coal mine at the interval 0</<100 m behind the
cleaning pit, there is a functional dependence between the
length / (m) of a roll-back stretch and the relative change in the
volume of protective structures ((5), (6)). With the protection
technique involving coal pillars, an exponential dependence is
recorded between the studied parameters (expression 5), and
with the protection technique with rolled bundles made of
wooden sleepers — a logarithmic dependence (expression 6).
The determining factors of the established dependences are the
increase in lateral rock displacements AU (mm) on the contour
of a roll-back stretch and the relative deformation of protective
structures e during their compression under conditions of un-
loading the coal rock massif. The presence of such dependences
makes it possible to estimate the bearing capacity of protective
structures in preparatory workings in the zone of active influ-
ence of mountain pressure.

The comparative characteristic of the bearing capaci-
ty of protective structures for roll-back stretches is based
on a comprehensive study on the stability of preparatory
workings, in contrast to[1,2,4]. At the same time, the
convergence of side rocks on the contour of the preparatory
workings and the relative change in the volume of protective
structures during unloading of the coal rock massif were taken
into account. This result makes it possible to estimate the
change in the cross-sectional area of the workings, its overall
dimensions along the length of the excavation site.

Thus, having certain physical-mechanical and defor-
mation properties, rigid (coal pillars) and flexible (rolled
bundles made of wooden sleepers) protective structures play
the role of load-bearing structures. Such structures in the
worked-out space of the coal rock massif along the length
of the excavation site ensure the stability of preparatory
workings. Coal pillars under conditions of unloading the coal
rock massif temporarily limit the convergence of side rocks
around the workings. When using this protection technique,
preparatory workings at a considerable distance from the
cleaning hole require repair.

Rolled bundles made of wooden sleepers, when the maxi-
mum compaction values are reached, as evidenced by the rela-
tive change in their volume and the decrease in the increase in
the displacements of side rocks on the contour of the workings,
ensure a smooth gradual deflection of the roof. Under such
conditions, the collapse of side rocks becomes impossible, and
the loss of the cross-sectional area is reduced to minimal values.

The results of our research could be used in coal mines
with steep beds to prevent side rock collapses. A comparative
assessment of the bearing capacity of protective structures is
necessary to justify the choice of the protection technique for
preparatory mining workings.

The established dependences (Fig. 12) make it possible to
estimate the bearing capacity of protective structures in the
zone of active influence of mountain pressure and a distance
of up to 100 m behind the cleaning face in the excavation
area of the coal mine. Such a limitation must be taken into
account in the practical application of the results.

In further research, it is expedient to take into account
the influence of changes in the bearing capacity of protective
structures on the frequency of failures of arched flexible
fasteners along the length of the extraction section. A better
qualitative assessment of the load-bearing capacity of protec-
tive structures should take into account the change in their
stiffness and its effect on the stability of roll-back stretches.
This will make it possible to devise measures to preserve the
operational condition of preparatory workings and improve
the safety of miners in coal mines.

7. Conclusions

1. When applying the protection technique for a roll-
back stretch using coal pillars under conditions where their
relative deformation is €>0.25, and the relative change in
volume is 8V>0.1, there is a loss of stability of protective
structures. After the reduction of the load-bearing capacity
of protective structures, there is an uncontrolled increase
in the displacements of lateral rocks on the contour of the
preparatory workings. Such a process over time leads to their
collapse. At distance />50 m behind the cleaning pit along
the length of the excavation section, the increase in displace-
ments reaches values of U>45-50 mm, due to which the arch
fastening in the preparatory workings is deformed. When
the relative deformation of the coal pillars is £>0.6-0.8,
the loss of the cross-sectional area of a roll-back stretch
reaches 50 %, and the level of threat of roof collapse in the
mine is approaching a critical state.

2. When applying the protection technique for a roll-back
stretch using rolled bundles made of wooden sleepers, when
their relative deformation is €>0.21, and the relative change
in volume is 8V>0.16, conditions are created at which the
protective structures are gradually compacted. The use of such



protective structures makes it possible to limit the movement
of side rocks on the contour of the preparatory workings.
At distance /=60 m behind the cleaning cut along the length
of the excavation section, the increase in lateral rock displace-
ments reaches minimum values of AU<10 mm, and the loss of
the cross-sectional area of a roll-back stretch is 30 %. Under
such conditions, the operational condition of the roll-back line
along the length of the excavation section is ensured.

3. On the basis of the established deformation properties
of coal pillars and rolled bundles made of wooden sleepers,
a comparative assessment of their bearing capacity was
performed. The determining factors of this dependence are
the relative deformation of protective structures € and the
relative change in volume 8V, which are recorded when the
coal rock massif is unloaded. The operational condition of
roll-back lines using the method of protecting by coal pillars
is ensured within the limits of their deformation resource,
when the relative deformation of the protective structures is
in the range of values 0<e<0.25, and the relative change in
volume 8V<0.1. The transition of these levels is associated
with the destruction of protective structures, the creation of
conditions for the collapse of lateral rocks in workings and
the loss of its stability. Preservation of the operational state
of the roll-back lines with the protection technique using
rolled bundles made of wooden sleepers is ensured after the
gradual compaction of protective structures, when their
relative deformation is within 0.21<€<0.55, and the relative
change in volume is 0.15<8V<0.58. Under such conditions,
the resistance of protective structures increases, and the
movement of side rocks is limited, which makes it possible to
create safe working conditions for miners in the preparatory
workings of the excavation area.
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