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MINE WORKINGS SUPPORTING TECHNOLOGIES
ON STRESS AND STRAIN STATE CONTROL BASIS

Abstract. The development and pilot testing of high-tech resource-saving methods and active means of securing workings and stabilizing the rock mass is still
relevant in the coal industry, taking into account the high technical and economic effect and improving the safety of mining operations. To maintain development
workings in front of the longwall, accessible domestic technologies are being developed based on the management of the stress-strain state of the near-contour
rock mass. This review provides an opportunity to: analysis of the practical use of anchoring and resin fixing compounds in coal mines; study of the parameters of
deformation processes in mine workings; establishing the influence of anchoring technology on the operational characteristics of a mine working.

Key words: zone of manifestation of increased rock pressure, technological schemes, support, reference pressure, anchor support resistance, roof displacement,
mine workings, study of deformation processes, supporting parameters, coal mining.

Kepneyai-mimini e3reprex Kyiije 0aKbljiayFra Heri3iejreH Tay-kKeH Ka3z0ajaapbiH 0eKiTy TEXHOJOTUAJIaAPbI

Anparna. JKXorapsl TEXHUKAIBIK-9KOHOMHKAJIBIK THIMAUTIKTI )KOHE Tay-KEH JKYMBICTAPBIHBIH KayiICi3iriH apTThIPY/Ibl €CKePE OTBIPHIIL, KOMip OHEpKaciOiHIe
Kaszbamapapl OEKiTyIiH kKoHE Tay CIIEMiH TYPaKTaHABIPYJIbIH JKOFAaphl TEXHOJIOTHSUIBIK PECYpPChIH YHEMICHTIH icTepiH koHe OelCeH[l KypaljapblH 93ipiey
JKOHE TOKIPHOEITiK ChIHAKTAH OTKi3y 03¢KTi O0JIBIN TaObu1aAbl. ¥ 36IH KaObIPFa ajJIbIHAA OHJICY )KYMBICTAPBIH JKYPTi3y YIIIH KOHTYPFa )KAKBIH Tay *KbIHBICTAPBIHBIH
KepHeyJli-1ehopMalsUIbIK KYiiH Oackapy HerisiHjge KOJDKeTiM/Ii OTaH/IBIK TeXHOJIOrHsIap o3ipiaeHye. byl mommy MblHaIapra MYMKIHZIIK Oepe/ii: KeMip maxTa-
JIapbIH/A aHKEPJIK OCKITKIIlI MeH MIaiibIpiIbl OeKITEeTiH KypaMaapabl MPaKTUKAIbIK HalIaaaHyabl Taugay; Tay-KeH Ka30alapblHAarsl MIIIIHHIH e3repy YAepiCiHIH
napaMeTpiIepiH 3epTTey; aHKePIIiK OEKiTy TeXHOJIOTUSICBIHBIH Tay-KeH OHAIPICiHIH MaiJjaaaHy CHIIaTTaMaChlHA 9CEPiH aHbIKTAY.

Tyitinoi cesdep: may JHCbIHLICMAPLL KbICHIMbIHbIY JCOAPLLIAY AUMARbL, MEXHONIOUANbIK Cbl30anap, GeKimKiul, aHbIKMAMANbIK KbICbIM, AHKEpIiK OeKimKiu
Keoepaici, may JCbIHbICHL MOOECIHIH JHCLUIICYbL, MAY-Kel Kazbanapul, 0eghopmayusivli npoyecmepoi 3epmmey, beximy napamempiepi, KOMIip OHOIPY.

TexHosoruu KpeII€eHUA NOPHbIX BblpaﬁOTOK Ha OCHOBE€ yIIpaBJICHUA Hal'lpﬂ)l(eHHO-Zle(l)OpMPlpOBaHHbIM COCTOSTHUEM

AHHoTanms. Pa3paboTka 1 ONBITHO-IIPOMBIIIICHHAS anpoOanusi BBICOKOTEXHOJIOTHYHBIX PECypcoCOeperalInx Crioco00B U aKTUBHBIX CPEICTB KPCIUICHUS
BBIPAOOTOK M CTAOMIIN3AIIMK FOPHOTO MACCHBA SIBJISICTCS B YTOJIBHOW OTPACIH J0 CHX MOP aKTyaJIbHOH C y4eTOM BBICOKOTO TEXHHMKO-IKOHOMHUYECKOTO dddexra
1 TOBBIIIEHUs] 0€30I1aCHOCTH TOPHBIX paboT. [l 1mojiepsKaHus IOArOTOBUTENBHBIX BBIPAOOTOK BIIEPEIH JIaBbl HA OCHOBE YIPABJIEHMs HAIPsKEHHO-1e(pOpMHU-
POBaHHBIM COCTOSIHUEM IPHKOHTYPHOI'O MAcCHUBA TOPHBIX IIOPOJ Pa3pabaThIBAIOTCS IOCTYIHbIE OTEYECTBEHHbIE TEXHOJIOTUH. IIpoBEIEHHbIH 0030p daeT BO3-
MO’KHOCTb IMTPOBECTHU: aHATM3 MPAKTUIECKOTO UCIIONH30BAHMS AHKEPHOTO KPEIUICHHS U CMOJITHBIX 3aKPETIISIONINX COCTABOB B YTOBHBIX IAXTaxX; UCCIIEI0BaHNE
napamMeTpoB Je(opManMOHHBIX MPOIECCOB B TOPHBIX BBIPAOOTKAX; yCTAHOBJICHUE BIMSIHUS TEXHOJIOTUH AaHKEPHOTO KPETIJICHNS Ha 9KCILTyaTallMOHHYIO XapaKTe-

PHCTHKY TOPHOM BBIPAOOTKH.

Knrouesvle cno6a: 30Ha nposieieHus NOGbIUEHHO20 20PHO20 OAGILeHUSL, MEXHOLO2UYECKUE CXEMbl, KDenb, ONOPHOE OAG/LeHUe, CONPOMUBIEHUE AHKEPHOU KPen,
CcMewenUs Kposiu 8bIpabonKiL, opHble 8blpabomKU, usyueHue 0e)oOpMayuoOHHbIX NPOYECcos, Napamempybl KpenieHus, 000biua yes.

Introduction

Underground mine workings of the
mines of the Karaganda coal basin
are in an unstable state (displacement
of rocks of the roof, soil and sides)
and are maintained with great labor
intensity of work and material costs,
since there are no justifications for
the compliance of the supporting
parameters with operating conditions
in mining and geological, technical
and production conditions. In order
to make reasonable technological
decisions to determine the parameters
of the lining and its efficient
operation, it becomes necessary to
perform a geomechanical predictive
assessment of the deformed state of
the rocks of the enclosing rock mass
around the workings. Accordingly,
the introduction of technology and
means, taking into account the stress-
strain state of the host rocks, makes
it possible to reduce material and
labor costs and reasonably apply the
parameters of mine workings support.

One of the current trends in the coal
industry today is the development of
high-tech resource-saving methods

and active means of securing workings
and stabilizing the rock mass with
the achievement of a technical and
economic effect and improving the
safety of mining.

Underground mine workings of
coal mines are the objects of research
that are carried out and maintained
in various mining and geological and
mining technical operating conditions,
including complicating factors such as:
zones of increased and reference rock
pressure, the presence of geological
disturbances in various schemes for
the development of mining operations,
under- and layer processing.

The purpose of this article is to
analyze the development of technology
for maintaining development workings
in front of the lava based on the
management of the stress-strain state
of the near-contour rock mass.

The wuse of developments in
technologies for conducting mine
workings, taking into account the stress-
strain state of a coal-rock massif, to
establish optimal supporting parameters
depending on mining, geological and
mining operating conditions, based on
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digital modeling of processes in host
rocks around a mine working with the
interaction of a rigid lining and a near-
contour rock mass, is achieved with
the successful application of methods
and means of metal rods with a helical
surface and rope-cable anchors of deep
laying, installed in drilled holes in a
given order in density, angle and length
on fixing chemical compositions, in
the zone of stress state (reference
rock pressure ahead of the longwall)
according to the criterion of rock
strength for their fixation (weakened
rocks, where inelastic deformations
are manifested), which interact with
each other and the host rocks, and, if
necessary, with contour resin injection,
creating a stable beam with a single-
level and supporting system — with a
two-level supporting (with attachment
to stable roof rocks) of the enclosing
array around the contour of the working.

When conducting an analysis of
the practical use of anchoring and
resin fixing compounds in coal mines;
study of the parameters of deformation
processes in mine workings; assessment
of the technological parameters of the
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use of rock bolts, depending on the
geological and mining conditions of
mine workings; study of the stress-
strain state of the rock mass around the
workings through analytical modeling;
establishing the influence of anchor
supporting technology on the operational
characteristics of a mine working,
methods and means of supporting and
stabilizing the enclosing rock mass
were developed, which will allow
controlling geomechanical processes
to reduce the intensity of the formation
of delamination zones, fracturing and
zones of discontinuity, weakened zones
and reduce increased deformations
of the coal-rock massif in the stope
and around the development working,
to avoid the formation of zones with
excessive stress-strain state of the rock
mass to increase stability and reduce the
defectiveness of the rock mass.

Materials and research methods

During the study, the following
methods were used: monitoring the
stability of mine workings of the
mines of the Karaganda coal basin
with the determination of the patterns
of manifestations of rock pressure
depending on mining and geological
factors and mining operating conditions,
taking into account computer modeling
of geomechanical processes in the
enclosing coal-rock massif.

Results and discussion

The development of advanced
technological  solutions for the
implementation of the technology of
anchoring workings in front of the
longwall and strengthening the rocks
with resins to strengthen the disturbed
(or weakened) rock mass to ensure the
efficient and safe operation of coal mine
links is of great practical importance
and requires the implementation of
appropriate types of work:

= development of technology and
means of supporting, taking into
account the geomechanical state
of the massif and schemes for the
development of mining operations;

= to form progressive technolo-
gical solutions, to manufacture a
pilot batch of means for contour
strengthening of the rock mass
and to monitor the technologies
being introduced for supporting the
contours of workings (testing pilot
batches for various purposes);

Table 1

Characteristics of polymer ampoules

Kecme 1

Ionumepni amnynanapovly CURAMMAMACHL

Tabnuua 1

Xapaxkmepucmuku noaumepHsIxX amnyi

Hard capsule type Gel time, s Hardening time, s
Fast 10-18 8-10
Medium 40-55 10-15
Slow 70-200 30-50

= carrying out pilot testing and
implementation of the results of
research to improve the technological
schemes for working with rope and
composite anchors in the mines of the
Karaganda coal basin;

=to create progressive methods
of supporting during workings in the
zones of geological disturbances,
zones of increased rock pressure

(technological schemes), incl. with
synthetic resins.

The study consists in substantiating
the qualitative and quantitative
parameters of mine workings contour
support systems, taking into account
the geomechanics of the coal-rock
enclosing massif, based on the
developed technological approaches
to create safe conditions and increase

Figure 1. Theories used in the calculation justification of the parameters
of the anchor lining.
Cyper 1. AHkepJlik KannTaMaHbIH IapaMeTpJIepiH Herizaey ece0inge
KOJIIAHBLJIATHIH TEOPHsLIap.
Puc. 1. Teopuu, ncnoib30BaHHbIE IPU PACYETHOM 000CHOBAHNH
NMapamMeTpoB aHKEPHOIl Kpemnu.
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with a metric thread for the support nut

with profile thread

Figure 2. Rigid steel (metal) anchor.
Cypert 2. KaTThl 60/1aT (MeTaJI) IKOPb.
Puc. 2. KecTknii cTajJdpHON (MeTANINYECKHUI) aHKep.
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Figure 3. Fiberglass anchor with a
solid rigid base plate.
Cyper 3. KaTThl Heri3 m1acTHHACHI
0ap MbIHBI TAJIIBIKTHI IKOPb.
Puc. 3. AHkep U3 CTEKJIOIJIACTUKA
CO CILIOLIHOM KeCTKOW ONOPHOH
IJIMTOM.

labor efficiency in high-performance
stopes and development faces; as well
as the location of the contour support
relative to the bedding of rock layers;
determining the parameters of a
single-level beam anchor supporting;
the location of the contour supporting
relative to the elements of the working
during heaving of soil rocks; creation
of a fixing contour beam above the
working with the establishment of the
influence of the strength of the host
rocks on the magnitude of stresses
and delaminations of the boundary
rocks; in the study of the stress-strain
state of the rock mass during the
supporting of workings in the zone
of support pressure of the stope in
front of the longwall; in establishing
the influence of technological factors
on the conditions for maintaining the
contours of mine workings: the angle
of inclination of the contour anchors
on the stress state of the rock mass.

In this regard, the scientific
significance lies in:

= study of the stability of workings
fixed with anchor bolting at the mine
of the Karaganda coal basin with the
determination of the parameters of
deformation processes (according to
the results of industrial observations);

= establishing patterns of de-
velopment of the sizes of zones
of development of deformations
and stresses around the working
from geological and technological
parameters to the reference rock
pressure in front of the lava
(analytical modeling), with one- and
two-level supporting.

According to the conducted research,
the following points should be noted:

= the angle of inclination of the
contour rope anchor for workings with
a rectangular shape is recommended
to be 75-77° at minimum normal
stresses, when installed in the zone of
influence of mining (cleaning) works
in front of the lava;

= load-bearing anchor beam
provides a reduction in stresses
perpendicular to the layering of rocks
with a single-level anchor lining by
10-15% and a smaller spacing on
the sides of the working — by 20%;
reduction of heaving of the working
soil — by up to 5%;

= the integrity of the roof, reinforced
with anchors 2.4 m long, is maintained
at horizontal stresses up to 15-16 MPa,
and at stresses of 16-19 MPa or more,
the integrity of the roof is ensured
by installing rope anchors; with the
growth of vertical stresses, it is carried
out by binding the near-contour massif
of weak rocks with the overlying rocks
using deep anchors, which leads to the
suspension of the formed bearing beam
ofrocks to a stable massif and balancing
the load on the working support;

= the influence of the strength of the
host rocks on the magnitude of stresses
and delaminations of contour rocks:
2.4 m for strong rocks (compressive
strength 40-60 MPa); 2.6 m for rocks of
medium strength (compressive strength
35-40 MPa); 2.8 m for low-strength
rocks (compressive strength less than
35 MPa) and 3.8 m for unstable rocks;

= regularities of the influence of the
anchor length, the depth of development
and the thickness of an unstable layer
(for example, mudstone) on the stability
of a rectangular mine working.

As a result of the work described
above, recommendations were
given on the effective use of the
technology of anchoring the workings

with stiffeners

during development workings in
the zones of tectonic disturbances
and smolyanization of the disturbed
rock mass at the junctions and in the
longwalls of the mining areas of the
mines of the Karaganda coal basin.
There are five main theories (Figure
1) used in the calculation justification
of the parameters of the anchor lining:
suspension of the direct roof to stable
rocks (a); formation of a load-bearing
structure — an anchor bridge (b);
compression of supporting rocks (¢) —
layered beam interaction; joint work of
the support and the array (d) — with their
equal strength; energy theory (e), based
on the fact that a dangerous state occurs
when the specific potential energy of
shape change reaches the limit value [1].
The main types of anchor bolting
can be divided according to the design
of the anchor rod: metal locking;
metal lockless (explosive); wooden;
reinforced concrete; steel-mineral;
steel polymer; plastic; basalt-plastic;
friction; injection; self-drilling; rope.
Metal rigid anchor. Anchor is a
rigid metal rod that is installed in the
roof or side wall of a working and
is used in combination with a full
pour of resin (cement mortar) in a
hole (borehole) or other appropriate
substance to provide a reinforced roof
and the sides of a working (Figure 2).
Fiberglass  anchor — rod
made of fiberglass materials and
characterized by high tensile
strength. Anchors are fastened in
boreholes using polymer ampoules
or polymer compounds (Figure 3).
A support spherical washer (support
damping plate) is used in combination
with an anchor and a hemisphere nut
and helps to distribute the load, ensuring
the correct location regardless of the
angle of installation of the anchor,
reducing erosion around the mouth of
the anchor hole (Figure 4).

convex

Figure 4. Steel spherical washer.
Cypert 4. Boaar cdepanbIk maiioa.
Puc. 4. CraabHas chepudeckas maioa.
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Figure S. Rope injection anchor.
Cyper 5. ApkaHabl OYpKy aHKepi.
Puc. 5. KaHaTHBII HHbEKITHOHHBIHA
aHKep.

Fixing head

Figure 6. Polymeric or mineral
anchor fixer in the form of
ampoules.

Cypert 6. AMnyJanap Typinaeri
MoJIUMepJIi HeMece MUHePAIAbI
aHKepJIik 0ekiTKiml.

Puc. 6. [ToanMepHbIii nJIn
MHHEPAJIbHbIH AaHKEPHBIN
¢ukcarop B popme ammy.i.

Hemisphere nut — must be made of
steel or fiberglass, hexagonal and the
distance between the faces must be 36 m.

Strip anchor catch (strip) — metal
strips with holes installed in the roof
and sides of the workings, connecting
the anchors in rows into a single jointly
working system. In the structures
of support-anchor supporting, the
following are wused: lightweight
grabs — with an installation density
of anchors in the roof of more than 1
piece/m?; reinforced grabs — with an
anchor density of less than 1 piece/m?.

Rope anchor! is designed for fixing
mine workings by deep anchoring of
surrounding rocks (5-7 m and more).
The rope anchor is fixed using a
polymer composition or cement mortar
along the entire length of the hole. To
control the completeness of filling
the hole with a fixing composition, a
central air outlet tube was introduced
into the anchor design.

Rope injection anchor. Designed
for fixing unstable rocks at mates

(Figure 5), mine workings by deep
anchoring of surrounding rocks. The
rope anchor is fixed using a polymer
composition or cement mortar along
the entire length of the hole. To control
the completeness of filling the hole
with a fixing composition, a central
air outlet tube was introduced into the
anchor design. The injection of the
bonding composition into the borehole
is stopped when resin appears from
the air outlet tube [2].

Chemical resin is an encapsulated
material used to create adhesion
between the anchor and the side
rocks of the roof and sides (soil) of
the working. Capsules (Figure 6)
should contain filled polyester resin
and catalyst in separate compartments
with a fragile shell [3-5].

The gel time and the hardening time
of the chemical material after mixing
the capsules into the hole for 20
seconds at a temperature of 20-30°C
and must comply with Table 1.

PUR-cartridges (Figure 7) contain
a fast-reacting polyurethane resin in a
two-section plastic shell. The holes are
drilled at the site of the PUR-cartridge
use. The distance between the holes
depends on the degree of the coal
looseness or the environment and on
the expected load. The cartridges are
individually placed as deep as possible
to the bottom of the hole. A tetrahedral
wooden block is partially hammered
into the hole and then screwed in until
it stops using the rotary drill or the
impact drill with an adapter.

To strengthen the coal massif in
the development workings there are

drilled holes in the side of the mine
working at the intervals of 0.8-1.0 m
in two rows; the holes in the bottom
row are drilled at the distance of 0.8-
1.0 m from the top in the chessboard
pattern; the length of the holes is
2.0-2.2 m, the diameter of the hole is
43 mm; PUR cartridges are placed in
the hole and sent to the bottom of the
hole with a wooden bar; the length of
the bar is 2.2-2.5 m, the cross-section
of the bar is 30 x 30 mm, one end of
the bar is beveled at the angle of 45°;
the destruction and mixing of PUR-
cartridges is performed by rotating the
bar with an electric drill through an
adapter within 10...15 s. The quality
control of mounting a wooden anchor
and the required number of PUR-
cartridges per hole is controlled by the
exit of the foamed composition from
the mouth of the hole [6, 7].

Basalt plastic anchor. 1t is designed
for supporting the sides of the workings
(Figure 8), especially from the bottom
side of the adjacent development
workings for the long-wall face
passage; it is not subject to corrosion.

Friction anchor. It is used for
supporting massive unstable rocks
in mines (Figure 9) with water being
supplied to the internal cavity under
high pressure (20 MPa) or by driving
a metal spacer rod with the anchor
wedging in the hole.

Resin products for stabilization

of unstable rock massifs

Two-component polyurethane resin
BlockPUR [2]. The technology ofusing
the resin is presented in Figure 10:
to stabilize an unstable and disturbed

Figure 7. PUR cartridge supporting technology.
Cypet 7. PUR kapTpuakai Koajgay TeXHOJIOTHIChI.
Puc. 7. Texnouaorus xkpemiaenusi PUR kapTpumxa.

'Demin V.F., Zhurov V.V., Demina T.V. Geomechanics in rock fixing. — LAP LAMBERT Academic Publishing. — 2013. — 185 s. (in Russian)
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Figure 8. Basalt plastic anchor.
Cypert 8. BazaabT IJIaCTHKAJIBIK
SIKOPb.
Puc. 8. Aukep
02a32JbTOIIACTHKOBBIIA.

rock massif; to mount anchors with
strengthening the surrounding massif;
waterproofing rocks and various
structures. The types of resin are as
follows: BlockPUR C for dry breeds;
BlockPUR B for wet rocks; BlockPUR
VI for waterproofing.

The operational advantages include
a quick response; excellent adhesion;
high strength and elasticity; resistance
to aggressive effects of acids, alkalis,
brines and other organic solvents.

Organic mineral resins

Blockfil is a two-component phenol
foaming resin, the technology of
which use is presented in Figure
1.11,a. The scope and conditions of
use are as follows: filling out dumps
and domes; filling voids to prevent
gas accumulation; construction of fire
lintels; fire insulation; jumper sealing;
gas isolation; stabilization of the
destroyed mountain range.

The advantages of its use include
the following: a high speed foaming
reaction does not require erecting
an airtight formwork; a high
foaming coefficient allows filling
significant volumes of voids with
low material consumption; it is a
non-combustible material.

Blocksil is a two-component
organic mineral resin. The technology
of applying the resin is presented in
Figure 11,b: to stabilize a weak and
severely disturbed rock massif; coal
strengthening in tunnel faces and lavas
in zones of mining and geological
disturbances; anchoring with the
foundationless (pile) supporting of
equipment and various designs; filling
various voids by water displacement.

The advantages of the use are as
follows: quick response, excellent
adhesion, high strength and elasticity,
it does not foam and does not expand
even when in contact with water, it is
resistant to aggressive effects of acids,
alkalis, brines and other organic matters.

Discussion

Onthedevelopmentoftechnological
schemes, methods and means of
working with supporting based on
the establishment of regularities in
the manifestations of the stress-strain

state of the coal-rock mass in the host
rocks in numerical modeling and full-
scale experiments in mine conditions
to ensure a stable system of interaction
between the supporting and the host
rocks of the rock mass around mine

general assembly

a cap wire
in the hole mouth

a cap wire
in the hole bottom

Figure 9. Friction anchor of the mine version.
Cypert 9. lllaxTa HYyCKaChIHBbIH (DPUKIIHOHIBI aHKePI.
Puc. 9. Ankep (pUKIUOHHBIA IIAXTHOI0 UCIIOJIHEHHUS.

B o

Figure 10. Technology of using two-component polyurethane resin in the
sides (@) and the roof (b) of the working.

Cypert 10. ’KymbicTbIH OyiiipJepinae (@) skoHe MATHIPLIHAA (0) eKi
KOMIIOHEHTTIi MOJNYPETAHAbI IIANBIPAbI KOJIAAHY TEXHOJIOTHSICHI.
Puc. 10. TexHoJiorusi npuMeHeHHsI IBYXKOMIIOHEHTHOM MOJIHYPeTaHOBOM
CcMoJIbI B 0opTax (a) u cBoje (0) BLIPAOOTKMH.

Figure 11. Technology of using two-component phenol foaming (a) and
organic mineral (b) resins.

Cypert 11. Exi KOMIIOHeHTTi (peHO0J1 KOOIKTeHaAiprim (@) :oHe
OPraHUKAJBIK MUHEPAJIBI (§) IIalbIPJIapAbI KOJJAHY TEXHOJIOTUSICHI.
Puc. 11. TexHoJiorusi npuMeHeHHsl ABYXKOMIIOHCHTHBIX (D€HOJIbHBIX
neHooOpa3zoBareJieil (¢) 1 OPraHoMUHePAJIbHBIX (§) CMOJI.
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Figure 12. The interaction of large and small fractions of rocks bonded

gt

with resin (a) and adhesion to the metal surfaces of arch metal and sheet
profiled scrap (b); bonding of small and large fractions of the rock (c).
Cyper 12. lllaiisipMeH (@) 6aiiJIaHBICTHIPBLJIFAH TAY KbIHBICTAPbIHBIH
YJIKEH 7K9He Killli (hpakiusaIapbIHbIH 63apa dpeKeTTecyi :KIHe apKa
MeTAJIBIH KoHEe KAHBLITHIP NPOPHJIbIi CHIHBIKTHIH MeTaJI 0eTTepiHe
aare3usicobl (b); Tay KbIHBICTAPBIHBIH Killli skKoHE YJIKeH
dpakuusiIapbIHbIH 0aHJIaHBICHI (C).

Puc. 12. BzaumoeiicTBHe KPYNHBIX M MeJKHUX (ppaKknuii nopoa,
CBSI3AHHBIX CMOJIOH (@) U aAre3us K MeTAJJINYeCKUM MOBEPXHOCTIM
ApOYHOr0 MeTaJlJia U JIMCTOBOI0 NPOo(pUINpPOBaHHOrO Joma (b);
CKJICMBAHHE MEJIKHX M KPYIHBIX (ppakuuii nopoasl (c).

workings to maintain their contours,
an assessment of the problem was
made and the existing structures of
contour laying systems when fixing
mine workings supporting in coal
(below) and ore mines [8, 9].

Despite significant increasing in the
level of mechanization of production
processes, the coal and mining
industries remain the most labor-
intense industries not always with
a high level of safety of production
processes performing.

According to the results of the
industrial tests of the polyurethane
resin «BlokpurS» at the mine of the
Karaganda coal basin, it was found:

=at least not lower but higher
strength of the bonded loose rock mass
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with the BlockPUR C resin with its
lower consumption compared to the
Bevedol-Bevedan polyurethane resin;

= excellent interaction between
adjacent resin injections through
perforated tubes from the drift;

= there is good adhesion to the metal
surfaces of the arched metal and sheet
profiled tightening;

= good bonding of fine and coarse
fractions of the rock is achieved, and
resin penetration is achieved in small
cracks (0.15-0.2 mm in size), foaming
and hardening in gaps and voids
(Figure 12).

Conclusion

The industrial tests of the
BlockPUR S polyurethane resin at
the Kazakhstanskaya mine in the

conditions of the 324D6-2-B long
wall face passed with a positive
assessment of using the resin for fixing
damaged, loosened rocks.

The pilot tests carried out allowed
adapting and applying the developed
technological solutions when using

the BlockPUR S
polyurethane resin.

It should be noted that the
development of rock pressure resulting
from the interaction of host rocks
with mine workings is decisively
influenced by geological, mining and
technological factors.

The deformed state of the massifs
is a consequence of the interaction
of stress fields and the properties
of the massif (mostly physical and
mechanical). The geomechanical
conditions of supporting mining
workings in the basin at great depths
are  characterized by increased
complexity due to low strength of
the rocks enclosing the coal seams,
especially soils that already at low
concentrations of rock pressure are
prone to intense heaving.

This article presents the results of
scientific and applied research on the
production processes of the technology
for conducting preparatory work in
complicated mining and technical
conditions for mining coal seams; the
development of methods for controlling
geomechanical  processes  during
mining operations at the deep levels
of coal mines; monitoring of imple-
mented technologies for supporting the
contours of mine workings.

two-component

1. Rozenbaum M.A., Demekhin D.N. Deformational criteria for the stability of roof rocks and
rock bolts. // Journal of mining science. — 2014. — Vol. 50. — Issue 2. — P. 260-264 (in English)

2. Baymuldin M.M., Demina T.V., Stefluuk Yu.Yu. Ocenka gorno-texnologicheskix uslovij
primeneniya ankernogo krepleniya gornyx vyrabotok na ugol'nyx shaxtax [Assessment

of mining and technological conditions for the use of anchor supporting of mine workings
in coal mines. // Izvestiya vuzov. Gornyj zhurnal = News of universities. Mining Journal.
—2014. — Ne2. — P. 25-36 (in Russian)

3. Kuzmin S.V., Salvasser I.A., Meshkov S.A. Mechanism of rock heaving developing and it
ways to fighting JSC « SUEKKuzbass». // Mining information and analytical bulletin.
— Moscow: Gornaya kniga, 2014. — NeS3. — P. 120-126 (in English)

4.  Lushnikov V.N., Eremenko V.A., Sandy M.P. et al. Kreplenie gornyx vyrabotok v usloviyax
deformiruemyx i udaroopasnyx massivov gornyx porod [Mounting of mine workings in
conditions of deformable and impact-prone rock massifs. // Gornyj zhurnal = Mining
Journal. — 2014. — Ne4. — P. 37-43 (in Russian)

5. Eremenko V.A., Lushnikov V.N., Sandy M.P., Milkin D.A., Milshin E.A. Obosnovanie
i vybor texnologii provedeniya, sposobov krepleniya i podderzhaniya gornyx vyrabotok

Topnwuit sccypnan Kazaxcmana Nel’ 2023




KpereHue ropHbIx BEIpadOTOK

v neustojchivyx gornyx porodax glubokix gorizontov Xolbinskogo rudnika [Substantiation
and choice of technology for conducting, methods of fixing and maintaining mine
workings in unstable rocks of deep horizons of the Kholbinsky mine. // Gornyi Zhurnal =
Mining Jornal. — 2013. — Ne7. — P. 59-67 (in Russian)

Diomin V.F., Khalikova E.R., Diomina T.V., Zhurov V.V. Studying coal seam bedding
tectonic breach impact on supporting parameters of mine workings with roof bolting.

// Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu. — 2019. — Ne5. — P. 16-21 (in English)
Sudarikov A.E., Stefluk Yu.Yu., Mausymbaeva A.D., Demina T.V. Ocenka vliyaniya
ankernogo krepleniya geomexanicheskoe sostoyanie massiva vokrug gornoj vyrabotki.
[Evaluation of the influence of anchoring on the geomechanical state of the massif
around the mine working]. // Trudy Mezhdunarodnoj nauchno-prakticheskoj konferencii
«Nauka i obrazovanie — vedushhie faktory Strategii», Kazaxstan — 2050» (Saginovskie
chteniya) = Proceedings of the International Scientific and Practical Conference
«Science and Education — the Leading Factors of the Strategy», Kazakhstan-2050»
(Saginov Readings). — Karaganda, 2014. — Ne6. — Part 3. — P. 98-100 (in Russian)
Demin V.F., Batyrkhanova A.T., Tomilov A.N., Zhumabekova A.E., Abekov U.E.
Developing technological schemes of driving workings with controlled resistance

of contours. // Bulletin of the National State Technical University. — Dnipro, 2019.
—Ne3. — P. 22-28 (in English)

Nemova N.A., Tahanov D., Hussan B., Zhumabekova A.Ye. Technological solutions
development for mining adjacent rock mass and pit reserves taking into account
geomechanical assessment of the deposit. // Scientific Bulletin of the National

Mining University. — Dnipro, 2020. — Ne2. — P. 17-24 (in English)

HAUJAJIAHBIIIFAH OJJEEUETTEP TI3IMI

1.

Rozenbaum M.A., Demekhin D.N. lllamuipiivl dcolHbICMAD MeH MAc O0IMmMAapblHbLH
MYpPaKmuiibleblHbolH 0ehopmayuanrvly kKpumepuuiepi. // Tay-keH 2bliblMbIHbIY HCYPHATLDL.
—2014. — Ken. 50. — lllvie. 2. — b. 260-264 (opvic mininoe)

batimynvoun M.M., Jlewuna T.B., Cmegnaiox FO.IO. Kemip waxmanapvinoa uaxmaivlk
Kazoanapovl ankepaik 6eximyoi KOL0AHYObll May-KeH-MeXHON02UNbIK UWAPMMAPbLH
bazanay. // ’Koeapwvl oKy opviHOapuvinbly Jcananvikmapsl. // Tay-xen socypnanvt. — 2014.
—Ne2. — Bb. 25-36 (opvic mininde)

Kuzmin S.V., Salvasser I.A., Meshkov S.A. « CYOKKy36acc» AK may scoinvicmapuvinoly
Komepiny Mexanu3mi dcaHe OHbIMeH Kypecy acondapul. // Tay-ken aknapammolK-aHaIumuKaiblK
owanremens. — M.: Tay-xken ximabot, 2014. — NeS3 — b. 120-126 (azviauwvin mininoe)
Jlywnuxoe B.H., Epemenko B.A., Canou M.Il. ocone m.6. [echopmayusaranamoln sxcane
COKKbl2a OelliM may AHCbIHbICMApPbl Maccusmepi Hca20aublH0ad KeH Ka30anapvih 6eKimy.

// Tay-ken scypnanvt. — 2014. — Ne4. — B. 37-43 (opsic mininde)

Epemenko B.A., Jlywnuxoe B.H., Cenou M.Il., Munxun /[.A., Murbuwun E.A. Xorbuuckuii
KeHIWIHIH mepeH 20pU30OHMMAPbIHbIY MYPAKCHbI3 MAY HCbIHbICMAPLIHOA KeH Ka30aiapulH
Oeximy dicone Kymin ycmay a0icmepin, dcypeizy mexnoio2usiCblH He2izoey dcane manyody.
// Tay-ken scypnanovt. — 2013. — Ne7. — B. 59-67 (opvic mininde)

Diomin V.F., Khalikova E.R., Diomina T.V., Zhurov V.V. Kemip kabammapuviroily
MeKMOHUKANBbIK OY3blI1blCIMAPbIHbIY MAY-KeH Ka30anapvlH KapHaAKneH Oekimy
napamempiepine acepin 3epmme). // ¥A1mmuslK may-KeH YHUBEepCUMemiHiy 2bliblMU
xabapwoicol. — 2019. — Ne5. — b. 16-21 (azvinwbin mininoe)

Cyoapukos A.E., Cmegawxk 10.10., Maycvimoaesa A.J]., Hemuna T.B. Keniwumin
AUHANACBIHOARbL MACCUBMIH 2€0MeXAHUKALbIK HCAOAUbIHA AKOPbOIH aCcepin bazanay.

// «Folavim dicone Oinim — cmpamecusinovly dcemexuti gaxmopaapoly: Kazaxcman-2050
XanblKapaivlK eblablMUu-maxicipubenixk kongepenyus mamepuaioapwl (CagvbiHo8 0KY1aAPbL).
— Kapazanowot, 2014. — Ne6. — Bon. 3. — b. 98-100 (opsic mininoe)

Demin V.F., Batyrkhanova A.T., Tomilov A.N., Zhumabekova A.E., Abekov U.E.
Koumypnapovly pemmenemin kedepeici 6ap scymbvicmapovl HCypeizyOiy mexHoi02ULNbLK
cxemanapvin a3ipaey. // ¥Ammolk memieKkemmiK mexHUKAIblK YHUBED CUMEeNiHIH
xabapwoicol. — J[nenp, 2019. — Ne3. — b. 22-28 (azvlauibln mininoe)

Nemova N.A., Tahanov D., Hussan B., Zhumabekova A.Ye. Ken opnvln ceomexanukaibli
bazanayovl eckepe Ombvipbvin, ip2eiec Mmay-KeH MACCACblH HCIHE Kapbep KOPLApblH OHOIpyee
ApHANAH MEeXHONL02UANLbIK wewimoepoi azipney. // ¥1mmuolKk may-KeH YHugepCcumeminiy
eviabimu xabapuuwicol. — [{uenp, 2020. — Ne2. — b. 17-24 (ageinwvlh mininoe)

T'opnoui scypnan Kazaxcmana Nel’ 2023




Kpennerue ropHbIx BBIpadOTOK

CIIUCOK UCIIOJIB30OBAHHbIX UCTOYHUKOB

1. Rozenbaum M.A., Demekhin D.N. /legpopmayuonnsie kpumepuu yCmoudu8ocmu nopoo Kpoeiu
u anxepos. // Kypuan eopnoti nayku. — 2014. — T. 50. — Bein. 2. — C. 260-264 (na anenuiickom sizvixe)

2. bBaumynvoun M.M., Jemuna T.B., Cmeghnrok FO.FO. Oyenxka copHo-mexHoniocuydecKux
YCA08UL NPUMEHEHUS AHKEPHO20 KpPenaleHus 20PHbIX 8blpAOOMOK HA Y2OibHbIX ULAXMAX.
// U36ecmus 6y306. I'opuwtii ocypnan.— 2014. — Ne2. — C. 25-36 (na pycckom sa3vlKe)

3. Kuzmin S.V., Salvasser I.A., Meshkov S.A. Mexanusm pazeumus 20pHblX NOPOO U CROCOObL
oopvovl ¢ Hum OAO «CYOKKyszbaccy. // THAB. — M.: I'opuas kuuea, 2014. — NoS3.

—C. 120-126 (na anenuiickom s3vlKe)

4.  Jlywnuxoeé B.H., Epemenxo B.A., Conou M.II. u op. Kpennenue 2copuwvlx 8blpabomox
8 YC108USAX depopmMupyemblx U yOapOONnacHblX MACCUBOE 20PHbLX NopoO. // [ opublil
ocypuan. — 2014. — Ne4. — C. 37-43 (na pycckom s3vixe)

5. Epemenxo B.A., Jlywnuxos B.H., Cenou M.II., Muaxkun .A., Murvwun E.A. Obocnosanue
U 86100p MexHor02UU NPOBEOeHUS, CNOCOD08 KpenieHuss U N000epPAHCAHUSL 2OPHBILX
8bIPAOOMOK 8 HEYCMOUUUBLIX 20PHBIX NOPOOAX 21YDOKUX 20pU3ZOHMOE8 XO0AOUHCKO2O
pyonuka. // F'opustii ocypnan. — 2013. — Ne7. — C. 59-67 (na pycckom sa3vike)

6. Diomin V.F., Khalikova E.R., Diomina T.V., Zhurov V.V. U3yuenue 6ruanus
MeKMOHUYECKUX HAPYULeHUT 3a/le2aHUsl Y2ObHbIX NIACMO8 HAd napamempbl KpenjieHus
2OPHBIX 8bIPAOOMOK AHKEpHbIM KpenaeHuem. // Hayunwviti eecmuux Hayuonanvrnozo
eopHoeo yHusepcumema. — 2019. — Ne5. — C. 16-21 (na aneautickom A3vike)

7. Cyoapukos A.E., Cmegawk 10.10., Maycvimoaesa A.J]., Hemuna T.B. Oyenka 1usiHus
AHKepHO20 KPenieHuUs Ha 2eOMeXaHUu4ecKkoe COCMOAHUE MACCUBA BOKPY2 SOPHOU
sévipabomku. // Tpyosvr MeoscoynapoOHoi HayuHo-npakmuyeckou KoHgepenyuu «Hayra
u obpazosanue — gedywue pakmopsl cmpameeuu «Kazaxcman — 2050» (Cacunosckue
ymenus). — Kapazanoa, 2014. — Ne6. — 4. 3. — C. 98-100 (na pycckom sa3viKe)

8. Demin V.F., Batyrkhanova A.T., Tomilov A.N., Zhumabekova A.E., Abekov U.E.
Paspabomka mexnonocuueckux cxem npoxooKu 8blpabomoK ¢ pe2yiupyembim
conpomugienuem Konmypos. // Becmnux HayuornanivHo2o 2ocyoapcmeennozo
mexHuueckozo yrugsepcumema. — [uenp, 2019. — Ne3. — C. 22-28 (Ha aneautickom sa3viKe)

9. Nemova N.A., Tahanov D., Hussan B., Zhumabekova A.Ye. Paspabomka mexnonocuieckux
peulerull no ompabomke npuie2arouell 2OpHOU MACCbl U KAPbePHbLX 3ANACO8 C Y4emom
2eoMexaHuuecKkoll oyeHKu mecmopodsicoenus. // Becmuux Hayuonanvrnozo cocyoapcmeennozo
mexHuueckozo yrugsepcumema. — [uenp, 2020. — Ne2. — C. 17-24 (Ha aneautickom sa3viKe)

Information about the authors:

Zhumabekova A., PhD, Senior Lecturer at the Department «Development of Mineral Deposits» of the Non-Profit Joint-Stock Company «Karaganda
Technical University named after Abylkas Saginov» (Karaganda, Kazakhstan), ailal980@mail.ru, https://orcid.org/0000-0002-1501-5382

Demin V., Doctor of Technical Sciences, Professor at the Department «Development of Mineral Deposits» of the Non-Profit Joint-Stock Company «Karaganda
Technical University named after Abylkas Saginov» (Karaganda, Kazakhstan), viadfdemin@mail.ru; https://orcid.org/0000-0002-1718-856X

Abeuov E., Candidate of Technical Sciences, Senior Lecturer at the Department «Development of Mineral Deposits» of the Non-Profit Joint-Stock Company
«Karaganda Technical University named after Abylkas Saginov» (Karaganda, Kazakhstan), erkebulan69@mail.ru; https://orcid.org/0000-0002-6420-565X
Tanekeyeva G., PhD Student at the Department «Development of Mineral Deposits» of the Non-Profit Joint-Stock Company «Karaganda Technical
University named after Abylkas Saginov» (Karaganda, Kazakhstan), ranekeeva77@mail.ru; https://orcid.org/0000-0001-6741-1582

ABTOpJIap Typajasl MdJiMeTTep:

Kymaoberkosa A., PhD, «O6inkac CarblHOB aThIHAarbl KaparaHIbl TEXHUKAJIBIK YHHBEPCHUTETiHIH» KoOMMEpHUSIIBIK eMec aKIMOHEPTiK KOFaMbl,
«ITaiams! Ka3banap KeH OpbIHIAPBIH UTepy» KadeapaceiHblH ara okpITymbickl (Kaparanms! K., Kasakcran)

Jemun B., TeXHUKA FBUIBIMIAPBIHBIH TOKTOPBI, «O0inKkac CarblHOB aThiHAarbl KaparaHabl TEXHWKANbIK YHHBEPCHUTETiHIH» KoMMepunusiblk emec
aKknuoHepIIik Koramel, «Ilaiinans! Ka3banap KeH OpbIHIAPEIH Urepy» KadenpacsHblH npodeccops! (Kaparanas! k., Kasakcran)

Obeyoe E., TexHUKA FRUIBIMAAPBIHBIH KaHIUAATHI, «O0inKac CarblHOB aThIHAarbl KaparaHabl TEXHUKAIBIK YHUBEPCUTETIHIHY KoMMepnusibik emec
aKIMOHEPIIiK Koramsl, «Ilaiinaner kKa30anap KeH OpbIHAAPBIH HIepy» KadeapachlHbIH ara OKbITyIIbIchl (Kaparans! K., Kaszakcran)

Tanexeesa I., «O6inkac CarelHOB aThIHAaFbl KaparaHIpl TeXHHKAIBIK yHUBEPCUTETIHIH» KOMMEpPIUANBIK eMec aKmuoHepIik Korambl, «Ilaigaimsr
Kaszbanap KeH OpbIHAAPBIH Urepy» KadeapacsiHbH qokTopanTsl (Kaparanms! K., Kasakcran)

Cgenenusi 00 aBTOpax:

Kymabexosa A., PhD, crapmmii npenonasarens kadenpsl «PazpaboTka MecTOpOXKACHUIT OJIE3HBIX HCKONAaeMbIX» HekoMMepYeckoro akimoOHEpHOTro
obmecTBa «KaparaHIMHCKUI TeXHUYECKUH yHUBepcuTeT UM. AObutkaca CarunoBay (r. Kaparanna, Kasaxcran)

[emun B., 1-p TexH. HayK, npodeccop kadenpsl «Pa3paboTka MECTOPOKICHNUIT MOJIE3HBIX HCKONAeMbIX» HeKkoMMepdYeckoro akKIiMOHEPHOTro 00IIecTBa
«KaparananHCcKuil TeXHUYEeCKnil yHuBepcuTeT uM. AGsiikaca CarnHoBay (r. Kaparanna, Kazaxcran)

Abeyos E., xaHI. TeXH. HayK, cTapmmii npemojaBarenb Kadeapbl «Pa3pabGoTka MecTOPOXICHMH IOJIE3HBIX HCKOmaeMbix» Hekxommepueckoro
aKIMOHEPHOTro obmecTBa «KaparanAMHCKHAN TEXHHYSCKUI yHHBepcHTeT MM. AObiikaca CarmHoBay (r. Kaparanma, Kazaxcran)

Tanexeesa I., noxropant kadenpel «Pa3paboTka MECTOPOXICHHH IOJE3HBIX HCKOMAaeMbIX» HeKoMMep4Yeckoro akIHOHEPHOro obmecTBa
«KaparananHcKkuil TeXHUYecKnil yHuBepcuTeT uM. AGsiikaca CarnHoBay (r. Kaparanna, Kazaxcran)

This research has been/was/is funded by the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan (Grant No. AP13268841)

Topustit scypnan Kazaxcmana Nel’ 2023




