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ABSTRACT

The complication of mining and geological conditions is associated with the involvement in the
development of areas and entire deposits with complex tectonics, an increase in the depth of
development, the manifestation of dangerous dynamic effects of rock pressure, which
necessitates the improvement of methods, systems, methods and means of supporting mine
workings, as well as improving the quality of materials used for support. Mining and geological
factors affecting the use of mining support include: the depth of occurrence, which determines
the magnitude of the vertical and horizontal components of the rock pressure; layer thickness,
developed deposit; bed angle; properties of the host rocks, structure and physical and mechanical
properties of rocks and minerals. The paper presents the conduction of the analytical modelling of
the rock mass stress-strain state around the active mine workings using the ANSYS software with
the assessment of the influence of its cross-section shape and the angle of the coal seam fall on
the value of the maximum stresses arising in the rock mass when the workings are supported with
the anchoring support depending on the thickness of the easily collapsible rock layer at different

lengths of anchoring.
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Introduction

Due to the high rate of drifting faces’ advance
and the strategy of mining operations’ development,
two mining areas require accelerated and timely
development of mine workings with intensive
technology of preparation workings.

The increase in the volume of underground coal
mining is possible only with the highly efficient
technology of carrying out and maintaining
preparatory mine workings.

As the level of mining depth increases, one of
the problems is to ensure the stability of mine
workings. Metal compliant support of arch type and
anchoring is used to maintain mine workings in the
mines of the Karaganda basin. The cost of money is
more than one thousand dollars at the expense of
metal-roll to conduct and fix 1 meter of mine

workings using arch support. The maintenance cost
is at least 10-15 % of the cost of mine workings. The
development of 5.0-5.5 km of mine workings is
required for 1 million tons of coal accepted in
practice systems, which defines essential expenses
for preparing mine workings.

More than 10 % of underground workers are
engaged in the repair of mine workings [[1], [2], [3],
[4], [5]]. Loss of the cross-sectional area of reservoir
workings reaches 60-70%. This leads to 20% of mine
workings being repaired and refastened annually.
The share of expenses on carrying out, fastening and
maintenance of mine workings reaches 15-20 % of
the cost price of coal mining.

The use of more significant profiles and
increased density of frame support considerably
increases the metal intensity of workings and labor
intensity of erection. Its operation has several
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serious drawbacks, which lead to significant
deformations of excavations: flattening of tops,
extrusion into the section cavity of lateral legs, and
failure of locking joints.

Improving the efficiency of maintaining the mine
workings’ stability can be achieved using progressive
anchoring technology.

The behavior of rocks of the coal seams’ roof in
the Karaganda basin is determined by their
composition, physical and chemical properties,
stratification and fracturing. The immediate roof of
the coal seams is most often represented by
mudstones, more rarely siltstones and by
sandstones in isolated cases; the main roof is usually
composed of sandstones. Argillites predominate in
the soil of coal seams [[6], [7], [8], [9], [10]].

The value of using the technology of anchoring
mine workings in 2021 in the mines of the Karaganda
basin reached 25%, and with the combined (metal-
anchored underlay and anchoring) - 48%. To
increase the volumes of using the anchoring
technology, it is necessary to estimate its application
depending on operating conditions and develop
typical effective driving and supporting workings
technologies [[11], [12], [13], [14]].

An urgent task of mining production is the study
of rock mass deformation peculiarities around
preparatory workings with anchoring at different dip
angles and anchoring depths, justification of
anchoring parameters and determination of the
rational area of its use [[15], [16], [17], [18]].

The experimental part

The research aims to develop effective
technology for supporting the contour rock mass
based on studying the technogenic stress-strain
state (TSSS). To implement it, a technology of
intensive and safe conduct of mine workings based
on the identified patterns of behavior of host rock
massifs adjacent to them, optimization of
parameters of technological schemes of preparatory
works was created.

One of the main directions of technical progress
in anchoring and maintenance of mine workings is
the use of resource-saving technology of
preparatory workings with the use of anchoring,
including in combination with metal arch support.

Thus, the urgent task of mining production is the
study of the deformation features of the rock mass
around preparatory mine workings with anchoring
at different angles of bed dip and anchoring depths,
justification of the anchoring parameters and
determination of the rational area of its use.

The excavation disturbs the equilibrium state of
rocks. It leads to the redistribution of stresses in the
surrounding massif, and the intensity of stresses on
the excavation contour is much higher than in the
disturbed massif. Increased stresses on the mine
workings lead to a zone of inelastic deformations
around them. The structure of the zone and the
nature of rock deformation depend on the
excavation depth, physical, mechanical and
technological properties of rocks, the size of the
excavation, the type and characteristics of the
mount, and the angle of the enclosing rocks.

The diversity of mining and geological and
mining conditions and the related mechanism of
interaction between rocks and supports have led to
various geomechanical mathematical models of the
rock mass state around mine workings.

Modelling is executed using the numerical
method of finite elements, the stress-strain state of
the massif around the active mine working. The
solution is carried out in the elastic statement due to
a comparatively short time of rock deformation in
the vicinity of the preparatory face during its
movement. In contrast to the known approaches,
the dimensions of the deformation propagation
zones are specified with the analysis of their
parameters [[19], [20], [21]].

Using the ANSYS software package, the
influence of the shape of the mine cross-section and
the dip angle of the coal seam on the value of the
arising maximum stresses in the rock massif when
securing the mine with the anchor support is
evaluated.

Figure 2 (for reservoir conditions of 4.0 m)
shows calculations of stress components: oy is
normal, ox is the longitudinal component of
supports. Vertical (Figure 1a), longitudinal (Figure 1
b), and tangential (Figure 1c) components increase
with formation dip angle, within its component
change from 100 to 400. For all cross-sectional
forms, the values of ox and o. are an order of
magnitude higher than ou for the same x, with high
Ox, Oy characteristic of the arch form, the same for oy
(the tangential stress component).
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Figure 1 - Calculation scheme of the problem
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Figure 2 - Diagrams (at a = 100) of the maximum
normal stresses in the areas surrounding the mine
workings of the arch (a), rectangular (b) and polygonal
(c) cross-sectional forms

Figure 3 shows plots of maximum normal (a),
longitudinal (b), and shear (c) stresses in rock mass
at anchoring of arch (1), rectangular (2) and
polygonal mine workings with formation dip angle.
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Figure 3 - Plots of maximum normal (a), longitudinal
(b) and tangential (c) stresses in rock mass at anchoring
of arch-shaped (1), rectangular (2) and polygonal (3)
workings on the dip angle

The stress-strain state of the host rock layers
depending on the thickness of the easy-rock layer is
studied at different anchoring lengths. We
investigated the character of changes and
distribution of stresses in the roof, the ground and
the sides of the mine workings by the example of a
trapezoidal excavation of a cross-sectional form with
the following parameters of the claim scheme: the
dip angle of the formation is 15°; its thickness is 4,0
m; the depth of development is 500 m; the working
cross-section is 15.5 m?; the anchor diameter is
0.022 m.

The conducted research allowed us to establish
the following character of the behavior of lateral
rocks by zones of their location (Fig. 4, a and b).
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Figure 4 - Distribution diagram (a) and dependences
of changes in normal stresses (b) in the host rock with a
thickness of argillite layer 1-1m; 2-3,5m;3-5m,
on the depth of their anchoring at the anchor
length of 3,5 m.

The influence of the roof rocks (with increasing
the layer of easily collapsing argillite) at the
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trapezoidal form of the excavation cross-section is
studied. Parameters of the rated scheme: dip angle
15°, its thickness 3.8 m; excavation depth 400 m;
working cross-section 15.5 m?; anchor length 3.0 m,
its diameter 0.05 m.

Figure 5 shows the distribution of longitudinal
stresses around the trapezoidal excavation with a
claystone layer of 1 m along the length of the
boreholes. Significant stresses are subjected only to
the area of rocks at the extremities in the roof of the
boreholes, which requires increasing their density in
this area [4].
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Figure 5 - Distribution of longitudinal stresses
around the trapezoidal excavation with a layer of argillite
1 m on the length of the boreholes

Figure 6 shows the distribution of normal and
longitudinal stresses at the argillite layer of 7.5 m
along the contour of the mine workings.

Analysis of the stress distribution shows that
zones of unstable rock formations occur around the
excavation. The analysis of the stress distribution
shows that there are zones of unstable rock around
the excavation. The maximum value of normal
stresses is in the anchor, located on the top of the
excavation, in the rightmost anchor of the securing
point. The maximum value of longitudinal stress
occurs in the anchor on the right side surface of the
excavation (first from the bottom).

1 - zone of very unstable; 2 - zone of unstable; 3 -
zone of unstable; 4 - zone of medium stability; at the
minimum point - zone of stable

Figure 6 - Distribution of normal (a) and longitudinal
(b) stresses at argillite layer equal to 7.5 m

Conclusions

The revealed patterns of change in the stress-
strain state of coal massifs (displacements, stresses,
fracture zones) depending on the main mining-
geological and mining-technical factors make it
possible to set the optimal parameters anchorage to
increase the stability of preparatory mine workings
under particular operating conditions. This will allow
the development of new and improved technologies
for effective and safe anchoring of near-surface
rocks when conducting mine workings on flat and
inclined coal seams, adaptive to changing mining-
geological and mining-technical conditions of
operation.
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TYRIHAEME

Tay-KeH-reoNIoruANbIK XargannapablH KypaeneHyi KeH KasbanapbliH 6ekiTy agictepiH, )yenepiH,
Tacingepi MeH KypangapblH KeTingipyai, coHpai-ak  6ekiTy KesiHge naiganaHbinaTbiH
MaTepuanapablH, CanacbiH }KaKcapTyApl KaXKeT eTeTiH Kypaeni TeKTOHMKackl 6ap yyackenep meH
TYTac KeH OpbIHAAPbIH Urepyre TapTyMeH, urepy TepeHAiriHiH yafalobIMeH, Tay-KeH KbICbIMbIHbIH,
KayinTi AMHAMUKaNbIK CepiHiH KepiHyimeH bainaHbicTbl. Tay 6ekiTneciH nanganaHyFa acep eTeTiH
Tay-reonorvanblK GakTopnapfa MblHanap KaTagbl: Tay KbICbIMbIHbIH, TiK YXaHe KengeHeH
KYPayLUbINAPbIHbIH, WAMaCblH aHbIKTAaNTbIH TEPEHAIK; KeH LWOFbIPbIHbIH, UrepineTiH KabaTblHbIH,
KyaTbl; KabaTTbIH, XKaTy 6ypblLLbl; HEFi3ri Tay XKbIHbICTAPbIHbIH, KACUETTEPI, }KbIHbICTAP MEH NaiAanbl
KasbanapablH, KypblnbiMbl MeH GU3MKanbiK-MexaHUKanblK Kacuettepi. ANSYS 6araapnamanbik
KelleHiH KonfaHa OTbIpbIn, XYMbIC icTen TypfaH Kas3ba aiHanacbiHA@Fbl MACCUBTIH, KepHeyi-
AedopmaumanaHfaH KynMiH aHaUTUKANbIK MOAENbAEY, OHbIH, KONAEHEH KMMACbIHbIH, NilliHi MeH
KeMip KabaTblHbIH, Ky1ay BYpbILbIHbIH, 9P TYP/i aHKEP Y3bIHAbIFbI 6ap OHa 6y3bINaTbIH XbIHbICTAP
KabaTbIHbIH, KyaTblHa 6aitnaHbICTbl Ka3banapabl aHKepMeH BeKiTy KesiHAe Tay ¥KbIHbICTaPbIHbIH,
maccuBiHae naraa 60n1aTbiH MakcMManabl KepHeynepre acepiH 6aranait oTbIpbIn Xyprisingi.
TyiiiH ce30ep: maccuB, ka3ba, kepHeyni-gedbopmaunanaHFaH Ky, KepHey, aHKepik Konaay.
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AHHOTALMUA

YCNnoXKHeHne ropHO-reoNorMyeckux YCNoBUI CBA3AHO C BOB/IeYEHME B OTPabOTKYy y4acTKoB U
LENbIX MECTOPOMKAEHWUIA CO C/AIOXKHOMN TEKTOHUKOW, yBenuueHunem rybuHbl paspaboTku,
NPOABNEHUA OMNACHBIX AWHAMMYECKMX BO3LEMCTBMI FOPHOrO AaBneHwus, yto obycnasnusaeT
HeobX04MMOCTb COBEPLUEHCTBOBAHWSA METOA0B, CUCTEM, CMOCOBOB M CPEACTB KPEMNIEHUA TOPHbIX
BbIPabOTOK, a TaKKe y/yyllaTb Ka4eCcTBO MaTepuUanos, UCNOb3yeMbIX NpU KpenaeHun. K ropHo-
reonornyeckum GakTopam, BAUAIOWMM Ha MCNONb30BaHME TOPHOIN Kpenu, OTHOCATCA: FrybuHa
3aneraHus, 4To onpegenseT BeNIMYMHY BEPTUKAZIbHOM U TOPU3OHTA/IbHOM COCTABAAIOLLMX FTOPHOTO
[JaBNEHNA; MOLLHOCTb MAacTa, pa3pabaTbiBAaEMON 3aneXu; yron 3aneraHvs naacta; CBOWCTBa
BMeLLAoWMX MNOpoa, CTPYKTypa M U3MKO-MexaHUyecknme CBOWCTBA MNOPOA M MOAE3HOro
MCKONaemMoro. BbINOSIHEHO aHaNWTUYECKoe MOAENMPOBaHUE HanpAXKeHHO-AedOPMUPOBaHHOE
COCTOAHME MaccMBa BOKPYr AeNCTBYIOWEN BbleMOYHOW BbIpaboTKM € MCNoOAb3oBaHUMEM
nporpammHoro komnsaekca ANSYS c oueHKol BAMAHWUA GOPMbl ee cevyeHusa U yrna nageHus
YroNbHOTO NJ1acTa Ha BEIMYMHY BO3HUKAIOLWMX MAaKCMMabHbIX HanpAXeHWn B MaccuBe ropHbIX
nopoa, Npu KpenneHuu BbipaboOTKM aHKEPHON Kpenbito B 3aBUCMMOCTU OT MOLLHOCTM Clof
NerkoobpyLIaoLmMXCca Nopoa, NPU PasHOW ANNHE ee aHKepOBaHMA.

KnioueBble cnoBa: maccus, ropHasa BblpaboTKa, HanpAXKeHHO-AedOPMUPOBAHHOE COCTOAHME,
HanpAXeHune, aHKkepHasa Kpenb.

AemuH Baadumup dedoposuy

NHpopmayusa 06 aesmopax:

JOKMop mexHuU4YecKux Hayk, npogeccop, KapazaHOUHCKUl mexHu4ecKkuli yHusepcumem umeHu
Abbinkaca CaeuHosa, np-m HypcynmaHa Hasapbaesa, 56, 2.KapazaHda, KaszaxcmaH. E-mail:
vladfdemin@mail.ru; ORCID ID: https://orcid.org/0000-0002-1718-856X

Mypoe Bumanuii Baadumuposuy

KaHOudam mexHu4ecKux HayK, Uu.0. OoueHmMa Kageopsl «Boicwaa mamemamuKka»,
KapazaHduHcKkuli mexHuveckul yHueepcumem umeHu Abbiakaca CazuHosa, np-m HypcyamaHa
Hasapbaesa, 56, e.KapaeaHda, KasaxcmaH. E-mail: zhurvitv@yandex.ru; ORCID ID:
https://orcid.org/0000-0002-4413-8584



mailto:vladfdemin@mail.ru
https://orcid.org/0000-0002-1718-856X
mailto:zhurvitv@yandex.ru
https://orcid.org/0000-0002-4413-8584
mailto:vladfdemin@mail.ru
https://orcid.org/0000-0002-1718-856X
mailto:zhurvitv@yandex.ru
https://orcid.org/0000-0002-4413-8584

KomnnekcHoe McnonbzoBaHne MuHepanbHoro Cbipbs. Ne1(324), 2023 ISSN-L 2616-6445, ISSN 2224-5243

References

[1] Rozenbaum MA, Demekhin DN. Opredeleniye deformatsionnykh kriteriyev ustoychivosti porod krovli i ankernoy krepi
[Determination of the deformation criteria for the stability of roof rocks and anchor support]. Fiziko-tekhnicheskiye
problemy razrabotki poleznykh iskopayemykh = Physicotechnical problems of minerals development. 2014;2:82-87. (in
Russ.).

[2] Otraslevaya instruktsiya po primeneniyu ramnykh i ankernykh krepey v podgotovitelnykh vyrabotkakh ugolnykh i
slantsevykh shakht [Branch instruction on the use of frame and anchor bolts in the preparatory workings of coal and shale
mines]. IGD them. A.A. Scochinsky, Moscow, 1985. (in Russ.).

[3] Ruppel U, Opoloni K. Features of the use of anchor support on high-performance production in the aspect of international

comparison. Glukauf. September, 2000;2(3):31-37.

[4] Daipal VSh, Brandari S, Prasat CD. The choice of technology and economically optimal roof anchoring system for the
implementation of developments in the coal mines of scientific approaches. Cole International. 2002;12:10-17.

[5] WalkerS. The system of fixing the mine workings. World Coal. August, 2003:17-22.

[6] Shaikhova GS. Explanation of the Cluster Structures Melting Mechanism and Their Influence on the Molten State’s Physical
and Chemical Nature. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources. 2021;1(316):
62-68. https://doi.org/10.31643/2021/6445.08

[7]1 Firhouse R, Arentz A. A passage of a rectangular section drift with an anchor support in zones of increased rock pressure.
Glukauf. 2001;11:4-12.

[8] Karr F. Recent innovations in the anchoring of rocks at mines of the state coal management of Great Britain. Reports at the
symposium on anchorage. London. 1984:268-281.

[9] Ulrich L. Design basis of mining pressure control with combined support in reservoir drifts. Glukauf, March, 2002:16-20.

[10] Lushnikov VN, Eremenko VA, Sandy MP, Kosyreva MA. Vybor ankernoy krepi dlya vyrabotok. proydennykh v shakhtakh.
podverzhennykh gornym udaram [The choice of anchor support for workings, traversed in mines prone to mountain
impacts]. Fiziko-tekhnicheskiye problemy razrabotki poleznykh iskopayemykh = Physicotechnical problems of minerals
development. 2017;3:86-95. (in Russ.).

[11] Trushko VL, Protosenya AG, Matveev PF. and others Geomekhanika massivov i dinamika vyrabotok glubokikh gorizontov
[Geomechanics of arrays and dynamics of developments of deep horizons]. St. Petersburg Mining Institute, St. Petersburg,
2000 (in Russ.).

[12] Zhurov V.V. Sovershenstvovaniye metodiki rascheta parametrov krepleniya vyrabotok s uchetom gornotekhnologicheskikh
faktorov [Perfection of a technique of calculation of parametres of fastening of developments with the account of mining
technological factors]. The dissertation on competition of a scientific degree of the candidate of engineering science. KSTU,
Karaganda, 2010 (in Russ.).

[13] Demin VV. The choice of the construction of the support for fixing the rocks of the mine workings. In: RUDN university,
organizer. Proceedings of the sixth international conference "Resource-reproducing, low-waste and environmental
protection technologies of subsoil development". Moscow - Karaganda. 2007;121-123.

[14] Tutanov SK, Tutanova MS. Accounting for creep of the rock mass around the sides of the quarry. Kompleksnoe Ispolzovanie
Mineralnogo Syra = Complex Use of Mineral Resources. 2022;322(3):74-78. https://doi.org/10.31643/2022/6445.31

[15] Demin WF, Demina T |, Kaynazarov A S, Kaynazarova A S. Evaluation of the workings technological schemes effectiveness
to increase the stability of their contours. Sustainable Development of Mountain Territories. 2018;10(4):606-616.

[16] Gorbunov MS, Gorbunov IS, Demin VV. Geomechanical processes in host rocks during excavation workings. Proc. scientific-
practical conference "Actual problems of the mining and metallurgical complex of Kazakhstan", Karaganda. 2007;110-113.

[17] Demin VV. Investigation of technological parameters of the use of steel-polymer anchors in the mines of the Karaganda
basin. Scientific and technical support of mining. Proceedings of the DGP "Mining Institute.D. Kunaev". Almaty, Kazakhstan.
2007;74:179-185.

[18] Tutanov S K, Tutanov M S, Tutanova M S. A mathematical model for determining the influence of factors on the stability of
pillars and cameras. Kompleksnoe Ispolzovanie Mineralnogo Syra=Complex Use of Mineral Resources.2020;3(314):15-21.
https://doi.org/10.31643/2020/6445.22

[19] Diomin VF, Khalikova ER, Diomina TV, Zhurov VV. Studying coal seam bedding tectonic breach impact on supporting
parameters of mine workings with roof bolting. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu. 2019;5:16-21.
https://doi.org/10.29202/nvngu/2019-5/5

[20] Q Ye W jun Wang, G Wang, and Z zhen Jia. Numerical simulation on tendency mining fracture evolution characteristics of
overlying strata and coal seams above working face with large inclination angle and mining depth. Arabian Journal of
Geosciences. 2017;10(4). https://doi.org/10.1007/s12517-017-2856-9.

[21] Barton N. Some new Q-value correlations to assist in site characterisation and tunnel design. International Journal of
Rock Mechanics and Mining Sciences. 2002; 39(2):185-216. https://doi.org/10.1016/51365-1609(02)00011-4



https://doi.org/10.1007/s12517-017-2856-9



