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Abstract. The strength properties of rocks may decrease when they are moistened, and as a result of their soaking,
the process of border rocks destruction occurs more intensively. The water stability of mine rock is a parameter
characterizing the relative change in the strength of mine rocks when saturated with water. The objective of this work is
to study the water stability influence of the host rocks on the process of water filtration into mine working at different
ways of its supporting. When solving the problem of water filtration in a deformable massif, the finite element method
was used. The influence of the stress field on the formation of the filtration area, the influence of change in water
pressure on the stress state and the decrease in the strength properties of rocks during soaking are taken into account.
Four cases were considered: mine working with frame support, being driven on sandstone which belongs to the rocks
with lowered water stability; mine working with roof-bolting support, being driven on the same type of sandstone; mine
working with frame support, being driven on argillite, which belongs to the water-permeable rocks with water stability by
2 times lower than that of sandstone; mine working with roof-bolting support, being driven on argillite with the same
properties.

The results of calculations are presented of the filtration permeability of the coal-bearing massif, the water pressure
and the value of the water inflow into mine working in the cases of mining operations in sandstone and argillite. It is
shown that the use of roof-bolting support prevents the development of the fractures formation process in the mine
working roof, preserving the rocks in a natural, monolithic state. As a result, the process of water filtration from water
bearing rock layers is constrained, which prevents or significantly reduces the soaking of border roof rocks. A decrease
by 2 times in the soaking capacity factor of host rocks leads to an increase by 66 % in water inflow into mine working
with frame support, and into mine working with roof-bolting support - only by 20 %. The use of roof-bolting support
reduces the water inflow into mine working, located in water-stable rocks, by 2.5 times, in water-permeable rocks - by 3.4
times.

The use of roof-bolting fastening several times reduces the water inflow into mine working, located even in water-
permeable rocks. The application of the roof-bolting support as a technological method for reducing the water inflow into
mine workings has been substantiated.

Key words: roof-bolting support, water stability of rocks, water filtration into mine working, reduce water inflow.

Introduction. The development of the mineral raw material base of Ukraine is
connected with the necessity to develop the deep-seated deposits in conditions of
increased water content of host rocks. This leads to rock falls and water
breakthroughs, an increase in the cost for maintaining and repairing of mine
workings. In the studied conditions, the problem of reducing the water inflow and
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ensuring the safety of mining operations is a priority.

Earlier, the authors noticed that the use of roof-bolting support helps to prevent
the development of the fractures formation process in the zone of mine working
influence. A significant reduction in the sizes of the filtration area and a decrease in
permeability inside of it leads to a decrease in the filtration movement intensity and
to prevention (reduce) the water inflow into mine workings fastened by roof-bolting
support [1]. These studies have been performed for a specific lithological
composition of the host rocks, whose properties are slightly changed when saturated
with water. However, the strength properties of rocks may decrease when they are
moistened, and as a result of their soaking, the process of border rocks destruction
occurs more intensively [2-4]. The water stability of mine rock is a parameter
characterizing the relative change in the strength of mine rocks when saturated with
water [5]. The water stability is assessed by the soaking capacity factor, which is
equal to the ratio of the compressive resistance of the rock, maximally saturated with
water, to its breakdown point in the dry state. According to the value of the soaking
capacity factor, the rocks are subdivided into water-stable; with lowered water
stability; with weak water stability; water-permeable rocks [5].

In this regard, the objective of this work is to study the water stability influence of
the host rocks on the process of water filtration into mine working at different ways
of its fastening.

Methods. The water filtration from water bearing rocks into mine working,
provided that the deformable massif permeability depends on its stress state, is
described by the system of equations:
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where u; — the displacements, m; ¢, — the damping coefficient, kg/(m®-s); cijj — the
derivatives of the stress tensor components along x, y, Pa/m; X;(t) — the projections of
the external forces acting on the volume unit of a solid body, N/m*; Pi(t) — the
projections of forces due to fluid pressure in the porous fractured space, N/m*; k — the
permeability coefficients, D; m, — porosity; f (o) — the function determined in [1, 5];
p — the fluid pressure, Pa; u — water viscosity, Pa-s;  — water-compressibility factor,
1/Pa; q(t) — the water release function.
The initial and boundary conditions:
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where y — the averaged weight of overlying mine rocks, N/m® H — the depth of
mining,m; A — the side thrust coefficient; €2, — the vertical boundaries of the outer
contour; Q, — the horizontal boundaries of the outer contour; Q5 — the area of water-
flooded rocks; Q4 — the contour of mine working.

The problem is solved by the finite element method in an elastic-plastic
formulation with the use of Mohr-Coulomb strength condition. At each time iteration,
the influence of the stress field on the formation of the filtration area, the influence of
change in water pressure on the stress state and the decrease in the strength properties
of rocks during soaking are taken into account [6]. The roof-bolting support is
modelled by rod finite elements [7], the frame support - by means of change in the
finite element properties on the contour of mine working.

Let us consider the preparatory mine working of an arch section 3.5 m in height,
in the roof of which at a height of 0.5 m there is a water bearing coal interlayer with a
thickness of m = 0.4 m, and with a formational water pressure 3.5 MPa; py =1.2 MPg;
p=1.

Let us perform the calculation of filtration permeability and water pressure in the
filtration area for four cases:

- mine working with frame support, being driven on sandstone which belongs to
the rocks with lowered water stability;

- mine working with roof-bolting support, being driven on the same type of
sandstone;

- mine working with frame support, being driven on argillite, which belongs to the
water-permeable rocks with water stability by 2 times lower than that of sandstone;

- mine working with roof-bolting support, being driven on argillite with the same
properties.

The finite element grid with a water bearing coal interlayer is shown in Figure 1.

a) with frame support; b) with roof-bolting support
Figure 1 — The central fragment of the finite element grid, the water bearing coal
interlayer above the mine working
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Results and discussion. The distributions of permeability coefficients values of
the rock massif around mine working have been obtained as a result of performed
calculations in the specified cases. The results of calculation for the 30th time
iteration (about 8 hours) are shown in all figures. It can be seen that at the current
time around mine working with frame support, the filtration area with a depth to 1.5-
2 m has been formed (Fig. 2), into which the water bearing coal interlayer enters.
Inside this area, the water can move freely from the coal interlayer to the mine
working contour. The permeability of water-permeable roof rocks (Fig. 2b), has
higher values.

a) b)
a) host rocks — sandstone; b) host rocks — argillite

Figure 2 — The distributions of permeability coefficients values of the rocks around mine working
with frame support

k =0.002

a) b)
a) host rocks — sandstone; b) host rocks — argillite

Figure 3 — The distributions of permeability coefficients values of the rock massif around mine
working with roof-bolting support
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It can be seen from Figure 3, how the contours of the filtration area are changed,
if the roof bolts are set in the roof and sides of mine working. The depth of the
permeable zone in the roof is reduced by 2 times. The area of intersection of the
water-flooded interlayer with the zone of increased permeability is very small even in
water-permeable argillite (Fig. 3b). The roof-bolting fastening prevents the
development of the fractures formation process in the mine working roof, preserving
the rocks in a natural, monolithic state. As a result, the process of water filtration
from water bearing rock layers is constrained, which prevents or significantly reduces
the soaking of border roof rocks.

The distributions of water pressure values are shown in Figures 4, 5.

-
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a) P=35 b)

a) host rocks — sandstone; b) host rocks — argillite

Figure 4 — The distributions of water pressure values, MPa, in mine working with frame support
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a) host rocks — sandstone; b) host rocks — argillite

Figure 5 — The distributions of water pressure values, MPa, in mine working with roof-bolting
support

The process of water filtration occurs intensively in the roof of mine working with
frame support. The water pressure in the undermined water-flooded interlayer
decreases, (Fig. 4a, b), and the water moves from areas with higher pressure to where
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the pressure is minimal - into mine working. The area of low pressure in water-
permeable rocks has a significantly larger sizes.

When the roof-bolting support is used, the water pressure in the undermined
interlayer is practically unchanged even in water- permeable rocks (Fig. 5a, b), which
indicates a very low intensity of the filtration process. This occurs as a result of a
reduction in the filtration area and a significant decrease in the values of the
permeability coefficients of border rocks. The length of the zone of water-flooded
interlayer, from which water is filtered, is by 4 times shorter when fastening by the
roof bolts.

The graph (Fig. 6) shows the calculated values of water inflows into mine
working in the specified cases.
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Figure 6 — Changing the values of water inflow into mine working with frame and roof-bolting
fastening in rocks with different water stability

It can be seen that a decrease by 2 times in the soaking capacity factor of host
rocks leads to an increase by 66 % in water inflow into mine working with frame
support, and into mine working with roof-bolting support - only by 20 %. The use of
roof-bolting support reduces the water inflow into mine working, located in water-
stable rocks, by 2.5 times, in water-permeable rocks - by 3.4 times. The method of
roof-bolting support application in order to reduce water inflows into mine workings
Is confirmed by a patent [8].

Conclusions. A numerical simulation has been performed of water filtration
process in a deformable coal-bearing massif around mine working, depending on the
method of its fastening and the soaking capacity factor of mine rock. The fields of
filtration permeability of the massif, the water pressure and the values of water inflow
into mine working for the specified cases have been calculated.

It is shown that the use of roof-bolting support prevents the development of the
fractures formation process in the mine working roof, preserving the rocks in a
natural, monolithic state. As a result, the process of water filtration from water
bearing rock layers is constrained, which prevents or significantly reduces the
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soaking of border roof rocks. Therewith, the depth of the permeable zone in the roof,
as well as the area of intersection of the water-flooded interlayer with the zone of
increased permeability are reduced significantly even in the water-permeable rocks.
A decrease by 2 times in the soaking capacity factor of host rocks leads to an increase
by 66 % in water inflow into mine working with frame support, and into mine
working with roof-bolting support - only by 20 %. The use of roof-bolting support
reduces the water inflow into mine working, located in water-stable rocks, by 2.5
times, in water-permeable rocks - by 3.4 times.

Thus, the roof-bolting support can be used as a technological method for reducing
the water inflow into mine workings.
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AnoTauif. MiyHicTb 6araTbox ripCbKux Nopig MOXe 3HKYBaTUCA NpY iX 3BONOXEHHI, B pe3ynbTaTi iX pO3MOKaHHS
npoLec pPyMHyBaHHS NPUKOHTYPHUX NOPIA BigbyBaeTbCs BiNbLL iHTEHCMBHO. BOJOMILHICTb ripChbKoi nopoan — napameTp,
L0 XapaKTepu3ye BiHOCHY 3MiHY MiLJHOCTI FipCbKWX Nopig npu HacuyeHHi Bogoto. MeToto poboTu € AOCRimKEHHS BNNMBY
BOAOMILHOCTi NPUKOHTYPHUX NOpiZ Ha npouec inbTpauii Bogn B ripHndy BUPOOKY Npu pisHMX cnocobax ii KpinneHHs.
Mpu po3B'sizaHHi 3agavi GinbTpauii BoaM B MacuBi, WO OeOpPMYeTbCs, BUKOPUCTOBYBABCS METOL CKIHYEHHWX
enemeHTiB. BpaxoByBaBcs BNNMB NOMs HanpyxeHb Ha hopmMyBaHHs obnacTi dinbTpalii, BNAWB 3MiHW TUCKY BOAM Ha
HanPY)XeHWA CTaH | 3HWXEHHS MILHICHAX BMacTMBOCTEN NOpig Npu PO3MOKAHHI. Byrno posrnsHYTO YOTUMPW BUMALKK:
BMpoOKa 3 paMHUM KpinfeHHsIM NPOBOAUTLCA B MICKOBMKY, KW BIGHOCUTLCS A0 NOPIL 3HWKEHOI BOAOCTIAKOCTI; BUPOOKa
3 @HKEPHUM KpinfieHHsM NPOBOAUTLCS B TAKOMY X MICKOBMKY; BUPOOKA 3 paMHUM KPINneHHAM NpOBOANTLCS B apriniTi,
SKWUA BIGHOCWUTBCA 40 BOQOHECTIMKMX NOpid, 3 BOAOMILHICTIO B 2 pasn HUXYe, HiX Y MICKOBWKA; BUPOOKA 3 aHKEpPHUM
KpinneHHsIM NpoBOAUTLCS B apriniTi 3 TaKUMK X BACTUBOCTSMU.

HaBegeHo pesynbTaTi po3paxyHkiB ¢inbTpayiinHOi NPOHWKHOCTI BYrMenopogHOro MacuBy, TUCKY BOAW i BENMYMHM
Bogonpunnmey y BWpoOKy. [okasaHo, WO 3acTOCyBaHHS aHKEPHOTO KPIMMEHHS MepeLlkoXae PO3BUTKY npoLecy
YTBOPEHHS TPILLWH B NOKPIiBNi BUPObKW, 36epirae nopoan B NpMpOAHOMY, MOHOMITHOMY CTaHi. Ak HAacnigoK, CTPUMYETHCS
npouec dinbTpalii Boan 3 BOAOHOCHWX NOPOAHMX LUapiB, WO 3anobirae abo 3Ha4YHO 3HWXKYE PO3MOKAHHS MPUKOHTYPHUX
nopia MokpiBni. 3HWKEHHS koedilieHTa pO3MOKaHHS nopia B 2 pasu Npu3BoanTb A0 36iMbLUEHHS BOAOMPUNIMBY B
BMPOOKY 3 paMHUM KpinneHHsM Ha 66%, B BUPOBKY 3 aHKEPHWUM KpinneHHAM — BCboro Ha 20%. BrukopuctaHHs aHKkepHOro
KpinneHHs 3HWKye BOLZOMPUNAMB B BMPODKY, po3TalioBaHy B BOAOCTIKWX mopogax, B 2,5 pasu, B BOLOHECTIMKMX
nopogax — B 3,4 pasu.

BukopuCTaHHA aHKepHOro KpinneHHst B Kinbka pasiB 3HWKYE BOAOMPUMIMB Y BMPOOKY, PO3TALIOBaHY HaBiTb B
BOAOHECTINKMX nopogax. OBrpyHTOBAHO 3aCTOCYBaHHS aHKEPHOTO KPIMMEHHs SIK TEXHOMOMYHOro cnocoby 3HWKEHHS
BOZONPUNIIMBIB B ripHUYi BUPOGKM.

KnioyoBi cnoBa: aHKepHe KpinneHHs, BOAOMILHICTb ripCbKOi NMOpoay, (hinbTpauis Boau B TipHMYy BUPOOKY,
3HWKEHHS BOJONPUNAMBY.

AHHoTauusA. MPOYHOCTHbIE CBOMCTBA MHOTMX FOPHBIX MOPOA MOFYT CHUXATLCA NPU UX YBRAXHEHUW, B pe3ynbTaTe
MX pasMOKaHMsl NPOLECC paspyLLEeHUst MPUKOHTYPHbBIX NOPOA NpoucxoanTt Gonee MHTEHCMBHO. BogonpoyHOCTL rOpHOM
nopogabl — NapameTp, XapaKTepuayHoLLMin OTHOCUTENBHOE U3MEHEHWE MPOYHOCTM FOPHBIX MOPOA NPW HACbILLEHUM BOAOW.
Llenbto paboTbl ABNSETCA UCCNeaoBaHWe BANSHUS BOAOMPOYHOCTM BMELLAIOLMX NOPOA HA MPpoLece unbTpauum Bogbl
B TOPHYI0 BbIpabOTKy Npu pasnuyHbix crnocobax ee kpenneus. [pu peweHnn 3agaun unbTpauun BoOgbl B
AedopMmupyemMom MaccuBe UCNonb3oBancs MeTon KOHEYHbIX 3IEMEHTOB. YUMUTLIBANOCH BUSAHWE NONS HANPSHXKEHWUA Ha
thopmupoBaHne obnactu unbTpaLuy, BINSHE U3MEHEHNS LaBMNEHUs BOAb! HA HANPSXKEHHOE COCTOSIHUE W CHUXKEHWE
MPOYHOCTHBLIX CBOWCTB MOPOZ MpW pa3mMokaHWW. Bbino paccMOTPEHO YeTbipe cryyast: BbipaboTka ¢ paMHON Kpenbto
MPOBOAMTCS MO MECYAHMKY, KOTOPbIA OTHOCUTCS K MOPOAaM MOHUKEHHON BOAOYCTONYMBOCTY; BbIpaboTka C aHKEpPHOM
Kpenblo MPOBOAMTCS MO TakOMYy e NecYaHWky; BbipaboTka C pamHOWM Kpenblo NpOBOAWTCS MO apruniiuTy, KOTOPbIN
OTHOCUTCS K BOAOHEYCTOMYMBBLIM NOpOLaM, C BOZOMPOYHOCTHIO B 2 pasa HWKe, YeM Yy NecyaHuka; BbipaboTka C
aHKepHOW Kperbto MPOBOAMTCA MO aprunimuTy C TakUMU e CBOCTBaMM.

MpuBegeHbl pesynbTaThl PAaCYETOB PUILTPALIMOHHON NPOHULAEMOCTM YINENOPOAHOrO MaccuBa, AaBneHus BOab! U
BEMNMYNHBI BOZONPUTOKA B BbIpaboTKy. [TokazaHo, YTO NPUMEHEHe aHKepHOI Kpenu NpensTcTByeT pasBuTMIO NpoLecca
TpelmHoobpa3oBaHMs B KpoBNe BbIpaboOTKM, COXPaHSET Mopogsl B NPUPOLHOM, MOHOMMTHOM COCTOSHMM. Kak
CNeacTBuMe, COEPXMBAETCS Npouecc unbTpaLmun BoAbl U3 BOAOHOCHLIX NMOPOAHBIX CMOEB, YTO NPeaoTBpaLlaeT Wim
3HAUMTENBbHO CHWXAET pPa3MOKaHWe MPUKOHTYPHbIX MOpog KpoBnu. [loHWKeHMe KoadduuneHTa pa3mMoKaeMocTy
BMeLLalLLMX Nopog B 2 pa3a NMPWBOAMT K YBESMYEHMIO BOAOMPUTOKA B BbIPabOTKY C paMHOM Kpenbio Ha 66%, B
BbIpaboTKy C aHKepHOM kpenbto — Bcero Ha 20%. Mcnonb3oBaHne aHKEPHOM Kpenu CHUKaeT BOLONPUTOK B BbIpaboTky,
pacnonoXeHHyo B BOAOYCTONYMBLIX NOpodax, B 2,5 pa3a, B BOLOHEYCTONYMBLIX Nopogax — B 3,4 pasa.

lcnonb3oBaHWe aHKEPHON Kpenu B HECKOMbKO pa3 CHIKaeT BOAOMPUTOK B BbIpaboTKy, pacnonoXeHHY0 daxe B
BOAOHEYCTOMYMBLIX nopogax. OBOCHOBAHO MPUMEHEHWEe aHKEPHOrO KPEMfeHUs Kak TEeXHOMorMyeckoro crocoba
CHWXEHMS BOLOMPUTOKOB B FOPHbIE BbIPaboTKy.

KntoyeBble cnoBa: aHKepHOe KpenneHue, BOLOMPOYHOCTb FOPHOW Mopodbl, (PUNLTPaLMS BOAbl B TFOPHYHO
BbIpabOTKy, CHVXEHME BOAONPUTOKA.

Cmammas Haditiwna 8o pedakuii 08.08.2019
PexomerdosaHo Ao dpyky 0-pom 2eon. Hayk K.A. be3pyuko



