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Extended annotation. Objectives of the research: practical usage analysis of
roof bolting in coal mines; mining and geological conditions assessment of the pre-
paratory minings; research of the stress-strain state of the rock mass around the
workings; development of technological schemes of anchorage; determination of the
influence of anchorage technology on the operational characteristics of mining oper-
ations. The main idea is to develop geotechnological methods and test the strength-
ening effect on the disturbed coal-bearing massif during man-made processes. The
result of the study is to provide safe conditions for maintaining mine workings, the
stability of the immediate roof, reducing rock falls and increasing the service life of
the support. Subject of research: operational underground workings of coal mines.
Methodology: analysis of maintenance conditions; assessment of factors that nega-
tively affect the conduct of mining operations; determination of the manifestations
of rock pressure; development of methods and means of active fastening of the bro-
ken coal-bearing array. The purpose of the work is to develop technological schemes
for conducting preparatory workings of coal mines using anchoring in difficult min-
ing and geological conditions. Research results: development of geotechnological
methods for strengthening the disturbed massif. A method of two-level fixing with a
complex overlap of the roof fixing zones over the workings, with the imposition of
strengthening zones in the resulting rock arch, has been developed; a method for
fixing the excavation in the zone of influence of cleaning works by means of stitch-
ing unstable rocks of the immediate roof and then fixing the created artificial
"bridge" to the strong rocks of the main roof; mesh tightening to perceive the load
from rocks in the space between the anchors and prevent the precipitation of rock
mass; a method for combating soil heaving of preparatory workings by spacer block-
ing the disturbed rock blocks with power spacer modules.

77



Introduction. The world experience of advanced coal-mining
countries (USA, Australia, China, etc.) shows that effective and reli-
able fastening of capital and preparatory workings can be provided
by using steel-polymer anchors with a bearing capacity of at least
100-130 kN. Monitoring of the use of anchor support in coal mines
shows that, in accordance with existing regulatory documents, it is
used both as the main and auxiliary support in combination with
metal frame pliable support.

The problem of effective fastening of workings in mines is not
completely solved, which is due to the fact that the currently used
method of supporting excavation workings with frame metal arch
supports with reinforcement posts is very labor-intensive and metal-
intensive.

Therefore, one of the most relevant directions in the coal mining
industry is the development of a technology for fixing excavation
workings, taking into account the technogenic state of the near-
contour massif in areas of increased displacement due to various
types of disturbances in the occurrence of host rocks and changes in
the elements of the occurrence of coal seams.

1 Factors that negatively affect the conduct of mining opera-
tions and the development of coal seams

The rock pressure depends on the depth of the excavation, the
physical and mechanical properties of the rocks in the massif
(strength, collapsibility, controllability, fracturing, etc.), the angle of
occurrence and thickness of the layers, the methods of coal excava-
tion, the size of the section of the excavation, the mechanical charac-
teristics of the support and other parameters.

The factors that complicate the conduct of treatment and prepara-
tory work include various geological disturbances. Geological dis-
turbances in the occurrence of coal seams are of two types, formed
during the occurrence of the formation or in the formation after its
occurrence.

Violations of the first type include: formation wedging — a gradu-
al decrease in the thickness of the formation, sometimes up to its dis-
appearance; formation swelling — a sharp increase in the thickness of
the formation in a certain area.
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Violations of the second type include: upsets, offsets, displace-
ments, folds, splits.

Upwelling is the displacement of rock along a fault associated
with the uplift of one block of the earth's crust relative to another
(Fig. 1).

1

Fig. 1. Low-amplitude upswings: / - converging upswings on the fall; 2 - horizontal
upswings; 3 - a series of horizontal upswings; 4 - diverging upswings on the fall to
the flank destruction; 5 — sliding downswing

With a gentle displacement, the gap is attributed to the thrust.
Usually, 45° (up to 60°) is taken as the smallest angle of incidence of
the reset shifter. When the angle is between 45 and 60°, the term
"upswing" is used. In general, upsets are formed under conditions of
tangential compression, often due to folding. The geometric effect of
the upswing is to reduce the earth's surface [1].

Discharges — tectonic disturbances in which the surface of the
fault (the displacer) is inclined towards the location of the lowered
rocks (Fig. 2 and 3).

The reset is determined by the fact that its hanging wing is shifted
down relative to the recumbent one. This type of dislocation is asso-
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ciated with the stretching of the rocks involved in the movement and
is characterized by the absence of any compressive stresses, which
are usually associated with the formation of thrusts and displace-
ments [2, 3].

Fig. 2. Low-amplitude discharges: / - divergent discharges by fall; 2 - series of dis-
charges by height; 3 - convergent diagonal discharges by fall; 4 - group of discharg-
es by compression; 5 - convergent discharges by fall; 6 - horizontal discharges

Displacements are sub-vertical discontinuities whose displace-
ments occur in the horizontal direction (Fig. 4). The displacements
differ in the wings, the shifter, the angle of inclination of the shifter,
and the displacement amplitude. In relation to the strike of disturbed
rocks, displacements, as well as discharges, can be longitudinal,
oblique, or diagonal and transverse [4].
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Fig. 3. Low-amplitude extended discharges: I - height discharges; 2 - horizontal
discharges; 3 - a series of discharges; 4 - a close group of discharges; 5 - discharges
and discharges that are close to each other

Fig. 4. Horizontal shifts in the fall

Folds — bends of rock layers usually with an alternation of convex
(anticlines) and concave (synclines) forms, the most widespread and
pronounced within the folded systems [5].

In the zones of influence of geological disturbances, a decrease in
the rate of penetration by 2-3 times was recorded, as well as an in-
crease in the cost of carrying out and repairing workings. This is
mainly due to significant fallout with a height of up to 5 m, associat-
ed with intense fracturing of the rock mass.

2 Manifestations of rock pressure during mining operations

Conducting underground workings changes the state of rocks
with the formation of zones of high and low stress. The phenomena
associated with the deformation, displacement, destruction of the
massif, the pressure of rocks on the support, are manifestations of
mountain pressure, which depend on the mining and geological con-
ditions and technological features of the development.
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The nature of the stress distribution around the mine depends on
its shape and the ratio of the cross-section dimensions. In the roof
and the soil of the workings, when the lateral spacer is less than one,
there are tensile forces

v

Tin = K el
1——v
where k; is the coefficient of concentration of tensile stresses; v/(1-v)
- coefficient of lateral expansion; v=0.1+0.4 - Poisson's ratio; V -
density of rocks, t/m*; H-depth from the surface to the mine, m.

As you move away from the contour of the mine deep into the
massif, these stresses decrease to zero, and then turn into compressi-
ble and approach the original value

v
——H .
1-v
There is a significant increase in compressive stresses in the sides
of the mine
Omax:kZ‘ﬂ/H
where k> is the compressive stress concentration coefficient.
As you move deeper into the array, the compressive stresses de-

crease to their original value yH.

The stress concentration around the mine is limited to a certain
zone, the dimensions of which are (3+5) 1, where 1 is the largest line-
ar size of the mine section. Near the outcrop contour, stresses can
exceed the ultimate strength of rocks, resulting in their destruction or
plastic flow.

The area of influence of mining is a part of the rock mass, within
which the displacement, deformation and destruction of rocks occur.
The area of influence of the mine work, adjacent directly to its con-
tour, within which the stresses are higher than in the untouched mas-
sif, is called the reference pressure zone.

The nature of the formation of the area of influence of mining, all
other things being equal, depends on the physical and mechanical
properties of rocks.

The rocks of the roof, sides and soles are stable. In this case,
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k. yH <k.o,&

k,yH <k .o .E

where F is the coefficient of long-term strength; o, 0w - the ultimate
strength of rocks, respectively, for tension and compression under
the conditions of a biaxial stress state.

If the conditions are met, no dangerous deformations are formed
in the outcrops.

The rocks of the roof of the mine are unstable, and the sides and
the soil are stable

k, . y>k.0,&

kZJ/H <kco-cmc§

In this case, the roof rocks will be destroyed. With the develop-
ment of fracturing in the area adjacent directly to the roof of the mine
to the roof of the mine. Individual sections of the rock lose their con-
nection with the array and fall out. The gradual collapse of the rocks
continues until the formation of an irregular shape surface, which
approaches the collapse arch. Outside of it, a vault of natural balance
is formed.

The rocks in the roof and in the sides of the mine are unstable, in
the soil they are stable

v
k11

—— 7H >kco-p§’ kZJ/I—I >k(awfc§

Fig. 5 and 6 show, respectively, the schemes of hanging on an-
chors and forming using anchors of the load-bearing structure in the
roof of the mine.

a b
IS
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Fig. 5. The scheme of hanging on anchors: a-individual blocks; b-the disturbed layer
of the immediate roof to the stable overlying rocks
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Fig. 6. The scheme of formation using anchors of the load-bearing structure in the
roof of the development in various forms: a-composite beams; b and ¢ — respective-
ly, three articulated arches and arches

Fig. 7 shows the technological schemes for fixing the contours of
mining workings.

The lower layer of the rocks of the immediate roof of the for-
mation can have different stability both during coal excavation (sepa-
ration of coal from the massif), and after a certain period of time af-
ter its exposure.

The degree of stability of the rocks of the lower layer significant-
ly depends on the safety of labor, the efficiency of coal excavation,
the choice of the type and design of the bottom-hole support, some-
times the method of roof management, etc. In the classification of the
DonCSI [6], there is a typification or division of the rocks of the
lower layer of the direct roof of the layers into 5 categories of stabil-
ity (they are usually designated B).
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Fig. 7. Technological schemes for fixing the contours of mine workings: a-fixing the
arched shape with combined support (metal-arched support with anchors in the
roof); b-fixing the arched shape with combined mixed support (metal-arched support
with anchors in the roof and sides); c-fixing the arched shape with metal-arched
support; d-fixing the rectangular shape with anchor support

Recently, due to the increasing complexity of mining and
geological conditions of development, due to the increase in the
depth of mining operations and the initial development of layers with
favorable conditions of occurrence, the cost of production increases;
productivity in treatment and preparatory faces is at a low level, the
labor intensity in conducting, maintaining and repairing mining
workings increases, the ash content of extracted coal in treatment
(33% or more) and preparatory work (37-41 %) and the negative
trend of their growth.

One of the limitations for the wider implementation of anchor
support in the mines of the Republic of Kazakhstan, the Karaganda
coal basin is the lack of a regulatory framework that allows taking
into account the specific geomechanical situation, mining
development schemes and experience in using anchor support, it is
justified to accept the parameters of fixing mine workings. The stage
for implementation in the creation of standard mining schemes is the
formation of technological schemes for fixing workings using anchor
support. A systematic analysis of the passports for fixing the
workings of the mines of the Karaganda coal basin using anchor
supports allowed us to form some of the following passports for
fixing the workings with anchors for various schemes of mining
development and their purpose.

Technological schemes for conducting and securing mining
workings largely depend on the complexity of the mining and
geological conditions of development and the emerging mining and
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technical factors in the conditions of the mines of the Karaganda coal
basin.

Below are a number of passports for fixing mine workings,
depending on the conditions of their operation.

The technology of working out with the use of metal-welding
pliable support is shown in Fig. 8. These workings are subject to
intense deformations and therefore are often re-anchored and the soil
rocks are undermined

W i

Fig. 8. Operational passport of carrying out, fastening and undermining during oper-
ation of the conveyor drift 33k8-7-1z in the conditions of the mine named after
Kuzembayev of the Karaganda coal basin

Due to the fact that during the operation of the workings there are
disturbed and unstable zones of the mountain enclosing near-contour
rocks, passports of workings with a combined attachment are used
(Fig. 9).

3735

Fig. 9. The passport of the fastening of the conveyor drift 34k8-7-z in the conditions
of the mine. Kuzembayev of the Karaganda coal basin
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Based on the general state of this problem, theoretical and exper-
imental studies in the field of anchor anchoring of preparatory work-
ings were carried out to solve the following tasks: analysis and eval-
uation of the effectiveness of existing equipment and technology of
anchor fastening for various mining and technological conditions,
justification of the prospects and conditions for the use of this tech-
nology; development and implementation of steel-polymer anchors
of a new technological level, assessment of their effectiveness in im-
proving the stability, reliability and safety of preparatory workings;
justification of technological schemes for the installation of steel-
polymer anchorage with the inclusion of the process in the tunneling
cycle in order to prevent the stratification of rocks; development of a
methodological approach to assessing the economic efficiency of the
use of new types of anchorage created.

The method of two-level fixing with overlapping of the roof fix-
ing zones above the workings

The maintenance of the roof for the entire duration of the mining
operation is achieved by drilling and installing two levels of anchors.
Anchors of the first level are steel-polymer anchors 5 (for example,
2-3 m). Second-level anchors rope anchors 4 (for example, 3-7 m). In
the area of the immediate roof of the mine, in each area of the an-
chorage (more precisely, steel-polymer and rope), zones of strength-
ening of the roof are created. The anchors of the two levels are in-
stalled at such a distance from each other that the strengthening zone
of the first level 1 is fixed with the strengthening zone of the second
level 2 in the joint zone of strengthening zones 1 and 2 of zones 3.
Thereby creating a large area of the direct roof connected to each
other by less and stronger rocks, and we achieve a large load-bearing
capacity of the roof in time-Fig. 10.

Method of fixing the excavation in the zone of influence of
cleaning works

The objective of the technical proposal is to increase the stability
of the immediate roof on strategically important mining sites, to in-
crease the safety of work on deep horizons by stitching unstable
rocks of the immediate roof and then fixing the created artificial
"bridge" to the strong rocks of the main roof.

Technical result: improvement of the technical condition of the
anchor support, creation of conditions for maintaining a constant
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cross-section of the workings, ensuring the greatest stability of the
immediate roof, reducing rock falls and increasing the service life of
the support.

Fig. 10. The method of two-level overlapping of the roof fixing zones over the de-
velopment: / - zone 1 (zone strengthening of the roof with steel-polymer anchors); 2
- zone 2 (zone strengthening of the roof with rope anchors); 3 - zone strengthening
of the connection of zone 1 (zone strengthening of the roof with steel-polymer an-
chors) and zone 2( zone strengthening of the roof with rope anchors); 4 - rope an-
chors; 5 - steel-polymer anchors; 6 - zone of maximum strengthening of the connec-
tion of zone 1 and zone 2

The technical result is achieved due to the fact that, when an arti-
ficially direct roof gets a certain additional margin of safety in the
reference pressure zone, the rock mass created in this way is fixed
with the help of rope anchors deep lying to the stronger rocks of the
main roof. This creates the effect of contouring and strengthening the
working plane and reduces the pressure on the support—Fing. 11.

Fig. 11. Method of fixing the excavation in the zone of influence of cleaning works
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This method of fixing is based on creating a connection between
the immediate roof, which is unstable rocks, with the main roof,
which is represented by stable strong rocks, such as mudstone or
sandstone, to which the immediate roof is attached.

This connection is made by laying 3 levels of anchors: shallow
anchors of the Ist level (6, 8) (fasten the immediate roof), deep an-
chors of the 2™ level (7, 9) (create a connection between the immedi-
ate roof anchored by the 1st level anchors and the main roof) and
deep-lying anchors. Deep-lying anchors are usually rope anchors
with a length of at least 5-7 m. For fixing the first level, steel-
polymer anchors with a length of 2.4 m are used, and for fixing the
second level, steel-polymer anchors with a length of 3.5 m are used.

Three zones are created around the workings: reference pressure
(12), elastic deformations (10) and plastic deformations (11), sur-
rounding the workings with the anchors of the 1%, 2" and 3™ levels
in relation to each other and to the workings.

Fixing begins with the frill of the face, namely the roof and sides
of the workings. Then the roof anchors of the first level (8) are in-
stalled with full filling. After that, the roof anchors of the secondary
level (9) and the side anchors are also installed with full filling. Next,
deep-laid rope anchors (5) with incomplete filling of the hole are in-
stalled. All anchors are fixed in the hole with a solution obtained
when the anchor breaks the capsules that are deliberately introduced
into the hole. The number of holes in each hole is determined by the
passport of the face mounting.

After the solution has solidified, a pressure plate is put on the an-
chor, which is fixed with a nut and tensioned.

Between the strip and the plate (2) with the tension nut (3), a
cone-shaped spacer is installed, which, when the load is perceived,
ensures the pliability of the support due to its deformation.

Mesh puff

The technical result consists in the reliable fixing of the array of en-
closing rocks, improving the design, due to the reliable connection be-
tween the sheets of mesh tightening by means of a metal rod (Fig. 12).

The task is achieved by the fact that the mesh tightening for fix-
ing mining workings, made in the form of sheets with diamond-
shaped openings directed towards each other, characterized in that
the last row of diamond-shaped openings, has spherical cavities
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made under the diameter of the metal connecting rod, for connecting

and fixing the sheets of mesh tightening among themselves.
a b c

Fig. 12. Mesh tightening
All existing types of anchors are divided into two categories according to the purposes
for which they are used: first-level anchors (up to 2.5 m in length) for fixing the con-
tours of mine workings, and second - level anchors (3-5 m in length or more) for fixing
the joints and in special mining conditions (stress, overhanging coal massifs, etc.).

In order to increase the efficiency of fastening and ensure the
long-term stability of preparatory workings with the use of steel-
polymer anchors, it is necessary to continue research and theoretical
justification of methods for calculating the parameters of fastening
and checking the results in different mining conditions of coal mines.

It is possible to use various types of threaded surface of anchors,
both metric and rolled, which makes it possible to increase the manu-
facturability of their manufacture and the load-bearing capacity of
the anchor support - Fig. 13.

a b c
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Fig 13. Anchors with an internal thread (a) with a chisel end (b), an external metric
(at the mouth) with a beveled end and its photo (c)

Soil heaving and process flow diagrams to prevent soil rock
blowing

The stability of the soil of mine workings depends on a number of
mining-geological and mining-technical factors, the most important
of which are: the depth of work, the power and angle of fall of the
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formation, the moisture content of coal and the host rocks, the dis-
turbance of the deposit, the physical and mechanical properties of the
side rocks, as well as their combination in the array, the adopted de-
velopment system, the length and speed of movement of the treat-
ment face, the methods of protection of the workings, the parameters
of the accepted support of the workings, the quality of its fastening,
etc.
Method of combating soil heaving in preparatory work

In workings that are not affected by cleaning operations (the first
type of deformation), the deformations of the rocks of the soil layers
consist in a slight expansion, which is smaller in magnitude than the
relative longitudinal deformation of the rock (15-10° m). Complete
attenuation of deformations is observed after 150-300 days.

In the second type of deformation, a zone of destroyed rocks is locat-
ed near the contour of the soil.

The coefficient of destruction of rocks in it increases with time, but
this increase has a decaying character. The size of the destroyed zone
reaches 2-3 m, and the expansion coefficient of rocks is 1.02-1.03. Fur-
ther beyond the fracture zone to a depth of 5-6 m is the zone of creep
deformations (elastic-viscous deformations).

The nature of rock deformation in this zone is also decaying. The
relative deformations of the layers are (10-15)-10° m, i.e. 2 times and
not less than the deformations in the fracture zone.

A comparison of the displacements along the width of the excava-
tion shows that the intensity of deformation of soil rocks in the center
of the excavation is slightly higher than on the sides [7-14].

Fig. 14 shows the relative deformations of the soil rock layers
over time from the contour deep into the massif.

Conclusion

The development of geotechnological methods and testing of the
strengthening effect on the disturbed coal-rock mass during man-
made processes were carried out.
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Fig. 14. Relative deformations of soil rock layers in time from the contour deep into
the massif: / - 1 m; 2 — from 1 to 2 m, 3—from 2 to 3 m; 4—from 3 to 4.5 m

The factors that negatively affect the conduct of mining opera-
tions and the development of coal seams are analyzed. The manifes-
tations of rock pressure during the preparatory workings are investi-
gated.

The complex of factors affecting the stability of the workings
fixed with anchor support, the schemes of hanging on anchors and
forming a load-bearing structure in the roof of the workings using
anchors, and the technological schemes of fastening the contours of
the workings are evaluated.

The technology of conducting treatment works is considered.
Usually, in a complex and in a relationship, the geomechanics of
conducting work, the possibility of using the most advanced tech-
nical means (machines and equipment) and the rational alignment
and sequence of all operations are taken into account.

When conducting mining operations on unstable subsurface
rocks, the formation of cracks, splits, deformations and destructions
of the weakest layers of the roof is observed, which requires addi-
tional technological measures to strengthen the lower layers of the
roof of the development and reduces the pace of its implementation.

In this regard, a method of two-level fastening with a complex
overlap of the roof fixing zones above the excavation, with the impo-
sition of hardening zones in the resulting rock formation; a method
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of fixing the excavation in the zone of influence of cleaning opera-
tions by stitching unstable rocks of the immediate roof and then fix-
ing the created artificial "bridge" to the strong rocks of the main roof;
mesh tightening to perceive the load from rocks in the space between
the anchors and prevent the precipitation of rock mass; a method for
combating soil heaving in preparatory workings by spreading the
broken rock blocks with power spacer modules.
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