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Abstract: The research is aimed at solving problems of assessing underground working stability in complicated
mining and geological conditions to increase reliability and safety of mining operations. Analysis of geomechanical
processes occurring in a rock mass during extraction of coal seams to determine the stability of mining block roof
is the most important task. The performed digital modeling of the rock mass based on the structural logs for K1
seam and the nearest borehole log enabled highly detailed identifying the types of rocks occurred in the seam roof
and their strength characteristics, compressive stresses. To determine the stability of a mining block roof, the factor
of safety of the rocks was used, which was determined by modeling method using Phase 28.0 and Rockscince soft-
ware. The carbonaceous argillite parting 0.09-0.12 m thick was taken as the contact of the longwall with the seam
roof, and, for completeness of the analysis, the upper high-ash coal member in the seam roof up to 0.7 m thick was
used. The modeling findings, presented in the graph of dependence between the safety factor and the distance be-
tween the belt heading and air drift, showed that the probability of dome formation in the longwall is high, as the
factor of safety of the rocks is less than unity, that indicates the roof instability in the course of the coal seam block
extraction. The modeling methods allowed assessing the mine working stability, based on which the measures to
improve the reliability and safety of mining operations can be timely developed, and due technical and technologi-
cal solutions shall be reached.
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AHaJIU3 BO3MOKHOT0 BOBHUKHOBEHHSI KYII0JIOB B JIaBe
Hmpamnos P. A., XmbipoBa E. H., becumbaeBa O. I'., Oaenrok C. I1., Kanacosa A. 3.

KaparanauHckuii rocyjapcTBEHHBIN TeXxHU4eckuil yHuBepeuteT, Kaparanna, Kazaxcras,
><hmyrovae@mail.ru

AnHoTanus: VccnenoBanusi HalpaBiIeHbl Ha pellleHHe 3a/1a4 10 OLIEHKE YCTONYHMBOCTH TOPHBIX BBIPAOOTOK IMpH
MOJ3€MHOM pa3pabOTKe B CIOXKHBIX TOPHO-TEOJIOIMYECKHUX YCIOBHSX, MOBBIIIAIONINX HAJEKHOCTh U 0€30MacHOCTb
NpOoBeJIeHHUs TOPHBIX padoT. McceiaenoBanne reoMexaHMYECKHX MPOLECCOB, MPOUCXOAALINX B TOPHOM MAacCHBE IIpH
0TpabOTKE YrOJNBHBIX IJIACTOB, C LENBIO ONpPENENICHUS YCTOWYMBOCTH KPOBJIHM BHIEMOYHOTO OJIOKa SIBJISETCS BaX-
Helmed 3amadeil. BeimonmHeHO NUPOBOE MOJEIHPOBAHHE MACCHBA TOPHBIX MOPOJA MO CTPYKTYPHBIM KOJIOHKaM
wiacta K1 u Gumokaiinieii ckBakrHe, KOTOPOE MO3BOJIMIIO C BRICOKOH JETAIBHOCTBIO ONPENENIUTh THIIBI IIOPO/, 3a-
JIETAOIUX B KPOBJIE IUIACTA, U MX IPOYHOCTHBIE XapaKTEPUCTUKHU, HANIPSHKEHUS Ha cykaTue. [ onpenenenus yc-
TOWYMBOCTH KPOBIM BHIEMOYHOTO 0JIOKa OBLT MCIOIB30BaH MOKa3aTellb KoddQuilnenTta 3amnaca NpoYHOCTH ITOPO/I,
KOTOPBIM ONpeAessyiCsl METOJIOM MOJCIHMPOBAHHS C MCIOJIb30BaHUEM NporpamMmHoro obecneuenus Phase 28.0 u
Rockscince. KonrakToM KoMIieKkca J1aBbl ¢ KPOBJIEH IUIACTa OB IPUHST MPOCIOH YIIMCTOTO aprijlIuTa MOIHO-
cthio 0,09-0,12 M, ¥ JJ1 IOJTHOTHI aHAJIKM3a UCITOJIB30BAIaCh BEPXHSSA BHICOKO30JIbHAS TTauKa yIjis B KPOBJIE IjIacTa
MomrHocThIo 1o 0,7 M. Pe3ynbrarel MojenupoBaHusi, OTpaKeHHbIE Ha Tpaduke u3MeHeHus koddduienTa 3anaca
MIPOYHOCTH B 3aBUCHUMOCTH OT PacCTOSHUSA MEXy KOHBEHEPHBIM M BEHTWISLIMOHHBIMU IITPEKaMH, MOKa3bIBAOT,
YTO BEPOSITHOCTH OOpPa30BaHUs KYIOJIOB B JIaBE BEJHMKA, TaK Kak KOAI(GUIMEHT 3amaca MPOYHOCTH MOPOJ MEHee
€/IMHUIIBI, YTO YKa3bIBaeT Ha HEYCTOWYMBOCTH KPOBIM NMPH OTPabOTKE BBHIEMOYHOTO yYacTKa YTrOJILHOTO ILIACTA.
MeTogaMu MOJETUPOBAaHUS NIOKa3aHA BO3MOKHOCTH MPOU3BECTH OLIEHKY YCTOWYHMBOCTU T'OPHBIX BBIpAOOTOK, Ha
OCHOBAaHUH KOTOPOH CBOEBPEMEHHO pa3padoTaTh MEPONPHUSITHS, MOBBIIAIOIINE HAJSKHOCTh U 0€30I1aCHOCTh NPO-
BEJICHHSI TOPHBIX PaboT, ¥ MPUHATH MPABWIbHBIE TEXHUYECKHE U TEXHOJIOTHIECKHUE PEIICHIS.
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Introduction

Underground coal mining is almost always
accompanied by difficult mining, geological, and
geotechnical conditions, therefore, an urgent is-
sue is studying rock mechanical and gas-
dynamic processes occurring in underground
workings. Determining the level of maximum
effective stresses around mine workings is one of
the most important tasks of rock mechanics [3,
4]. Analysis of the simulation results, taking into
account the safety factor of the rocks, allows se-
lecting the optimal parameters for the deposit
mining, the opening scheme and horizon devel-
opment work.

The study of the effect of rock pressure on
the rock mass and powered support during ex-
traction of a mining block of the longwall allows
to determine the change in the condition of the
seam roof rocks from compression to tension,
which may lead to gradual caving the rock from
the roof up to a sudden bulk collapse and the
formation of domes.

The research tasks and objectives

The idea of the research is to study a com-
bination of various factors: the structure and
properties of a coal-rock mass, a combination of
geological and mining conditions, the level of
existing stresses in the rock mass, and the tech-
nological parameters of the mining block extrac-
tion [5].

In this regard, the development of methods
for the integrated management of rock mechani-
cal and gas-dynamic processes in coal mines is
an urgent scientific and practical task.

The obtained scientific and practical results
of the studies performed by the authors can be
used as the basis for the integrated management
of rock mechanical and gas-dynamic processes
in mines [6-10].

Most studies are based on solving the elas-
tic rock mechanical problem, and the resulting
stresses and strains are compared with the max-
imum allowable for the near-outline rock mass.
When solving rock mechanical problems, one of
the main issues is the determination of reliable
calculated values of the strength properties of a
rock mass.

The research methods

By the level of stresses existing in a rock
mass, it is possible to assess the stability of mine
workings and determine the rock safety factor.

Cross section of permanent mine workings
in the course of their drifting may change due to
the influence of the stresses occurring in the sur-
rounding rocks [11-13]. Instability of the work-
ings is caused by high vertical stress. However,
in practice, there are cases when horizontal
stresses significantly exceed vertical ones that
may lead to deformation of the roof and bottom
rocks. The bottom deformation is manifested by
bulging only, which may go practically unno-
ticed.

The existence of tensile stresses does not
always cause failure of the rock mass in the area.
The rocks themselves can to some extent resist
tension, and even in case of some displacements,
the rock mass retain some stability (the so-called
residual rock strength) [3, 17].
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Deformation of the roof rock (Fig. 1) may
be accompanied by intensive rock failure, initial-
ly in the form of flaws, and then with the transi-
tion to collapses. The transition to collapses is
connected with decreasing the bearing area when
approaching the crest part of the roof.

It should be noted that with the dynamic
manifestation of instability in the form of gra-
dual phased roof rock collapse, a sudden bulk
collapse may happen.

In the areas where vertical and lateral
stresses 6y and o) can simultaneously affect the
formation of the cross-sectional shape of a work-
ing, the physics of the deformation process is
fully determined by the physico-mechanical
properties of the rocks.

E ek 45 K13 <
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Therefore, both the level of effective
stresses and the properties of rocks, in each case,
are individual in nature.

The research subject is K1 coal seam being
extracted by 46 K1 longwall. Extraction of a
mining block leads to changing rock pressure on
rock mass and powered support. This in turn
causes periodic changing the rock condition from
compression to tension, inducing changing the
size and number of hanging rock members in the
seam roof, participating in producing abutment
pressure [1, 4, 18, 19].

To determine the longwall roof stability
(Fig. 1), digital simulation of the rock mass [20]
was performed based on the structural logs for
K1 seam (Fig. 2) and Borehole No. 11355.

NS o3IV i\
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Fig. 1. Longwall 46 K1 mining plan
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Fig. 2. K1 seam structural log

K1 seam consists of 6-7 standard and two
high-ash coal members in the seam top (com-
pressive stress oeomp Of 11-12 MPa). The seam
top is represented by medium-grained mudstone
up to 20.5 m thick (compressive Stress Gcomp
of 22-25 MPa). In the immediate top of the
seam, in depth interval 1.2-1.8 m, K1" stratum
up to 0.2 m thick occurs. Sandstone and siltstone
with compressive stress ceomp Of 35-59 MPa lie
in the seam bottom.

To determine the stability of the roof of the
extraction pillar, the rock safety factor values
were used. The carbonaceous argillite parting

0.09-0.12 m thick was taken as the contact of the
longwall with the seam roof (Fig. 2), and, for
completeness of the analysis, the upper high-ash
coal member in the seam roof up to 0.7 m thick
was used.

Findings

Based on the study findings, we can con-
clude that the seam roof at contact with the car-
bonaceous argillite parting in the longwall is un-
stable and easily collapsed. The safety factor
value at the contact of the longwall and the car-
bonaceous mudstone (Fig. 3) is 0.92 on average
in the longwall.

Fig. 3. Factor of safety of the modeled rock mass
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Fig. 4. Factor of safety of the air heading
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The safety factor of the upper high-ash
coal member is less than unity and in some
places becomes negative in a section 25 m long
from the air heading towards the extraction block
(Fig. 4). Such value of the safety factor is an in-
dicator that the roof rocks during mining
of the extraction block in this place will collapse
[21-23]. A possible reason for this is that this
block is located in the OGD zone of the overly-
ing extraction block mining.

Conclusion

The modeling findings, presented in the
graph of dependence between the safety factor
and the distance between the belt heading and air
heading, obviously demonstrate that the proba-
bility of dome formation in the extraction block
roof is high, as the factor of safety of the rocks is
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