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PO3ITOALT HEPEMIINEHDb HABKOJIO OJIMHOYHOI BUPOBKU,
1O ITPOUJAEHA B IITAPYBATOMY IIOPOAHOMY MACHBI

Purpose. To estimate displacements in the neighborhood of a development working driven under mining and
geological conditions of mines in Western Donbas and situated within the area of mining effect for further improve-
ment of full-scale measurements being an important stage in the process of ggomechanical model verification.

Methodology. A number of sequential operations of numerical modeling were involved making it possible to dem-
onstrate deformational processes progressing in the neighborhood of “mine working-longwall” geotechnical system
with a probability of 0.95 including those resulting in loss of elastoplastic resistance of marginal rock mass weakened
either by mine working or by a network of underground cavities. Features of geomechanical processes taking place in
the neighborhood of a mine working were analyzed with the help of complicated technical “mine working-pillar-rock
mass” system being developed gradually within the rock mass.

Findings. The results of the numerical experiment helped determine rules of stratified rock mass formation around
a mine working located within mining space effect in terms of difference levels of protective structure rigidness with-
in longwall as well as estimate its effect on the integrity of entire geomechanical system.

Originality. For the first time the fact of both vertical and horizontal displacements of far point of deep benchmark
station in the context of varying width of protective structure in longwall has been proved and their regularities have
been determined.

Practical value. The determined regularities can be quite useful while estimating displacements of floor rocks and
roof rocks in the process of full-scale measurements performed with the help of the leveling method.

Keywords: stress-strain state, development working, protective structure, deep benchmark station, displacements of roof

rocks, full-scale measurements, numerical modeling

Introduction. Papersby E. Hoek [1], F. Tajdus, M. Cala,
K. Tajdus [2], O.0.Sdvyzhkova [3, 4], S. M. Gapieiev
[5], O.M.Shashenko [6, 7], Yu.M.Khalimendyk [8]
and others concern the analysis of stress-strain state in
the neighborhood of underground mine workings and
open-cut workings. Above-mentioned researchers are
representatives of schools of rock mechanics in Canada
[1], Poland [2] and Ukraine [4—9]. Techniques being

© Shashenko O. M., Khoziaikina N. V., Tereshchuk R. M., 2017

40

applied in this context vary from substantiation of em-
piric strength criterion [ 1] and analytical calculations [2—7]
up to full-scale experiments [8]. As a result, the combi-
nation of different approaches helps obtain adequate
geomechanical conditions. Objective of the research is
in further correction of a technique verifying numerical
models as they are advanced at the moment.

Features of geomechanical processes taking place in
the neighborhood of complicated technical “mine work-
ing-pillar-rock mass” system developed in rock mass grad-
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ually can only be seen within contour line of exposure in
the form of displacement. One can only imagine what the
nature of deformations inside the rock mass is while
controlling partially the assumptions by the results of
displacements of deep benchmarks. In this context a se-
lection of immovable (zero) point in rock mass as a ref-
erence point remains disputable. In this connection both
development and substantiation of numerical models
helping estimate stress-strain state of nonhomogeneous
rock mass in terms of neighborhood of a system of mine
workings being operated within time and space is both
topical scientific and technical problem and an objective
of the research.

The problem statement. L.ong horizontal arched mine
working of 2R, width and /4 height has been driven within
stratified rock mass with layer density y; at H depth from the
surface. Mine working (mine roadway) has been driven
along the coal bed with underbreaking. Layers are horizon-
tal; their thickness as well as physical and mechanical
properties corresponding to the mining conditions of Con-
struction Project Passport for “Shakhta Stepnaia” mine of
“DTEK Pavlohradvuhillia” PJSC. Arched yielding metal
support has been mounted in the mine working.

Taking into consideration the availability of wet
slightly metamorphized rocks with a great amount of
clay particles, stress distribution within undisturbed rock
mass is considered as hydrostatic one, i.e. horizontal
stress coefficient is A = 1. Depth of the mine working is
such that plastic range of stress (PRS) is formed around
it. It is required to determine stress-strain state (SSS)

vyH

a

parameters in the neighborhood of mine working: com-
ponents of stress, displacement, and PRS dimensions.

Presentation of the main research. Taking into ac-
count the complexity of the stated problem (mine work-
ing geometry, structure of enclosing rock mass), its so-
lution is only possible while applying a numerical tech-
nique. RS 2 software by Canadian company Rockscience
was taken as a tool for the research. Hoek-Brown ratio is
the point rock failure criterion [1].

Fig. 1 shows calculation scheme to solve the problem
of plane deformation. Table represents physical and me-
chanical characteristics of the rock mass.

Fig. 2 explains distribution of radical stresses o, and
tangential stresses o in the neighborhood of mine working
located within homogeneous rock mass with averaged (av-
erage weighted) physical and mechanical properties

En Z( MZ:) |

where E, p, R, are average weighted values of elastic-
ity module, Poison’s ratio, and ultimate one-axis com-
pressive strength respectively, 4; is thickness of i rock
layer, and # is the number of layers.

The calculations involved the fact that the strength
of rock mass RCM differs from the strength of rock sam-
ples R, by the value of structural weakening coefficient k..
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Fig. 1. Calculation scheme to solve elastoplastic problem concerning stress-strain state of rock mass within the neighbor-

hood of long horizontal mine working:

a — homogeneous model; b — nonhomogeneous model; 1 — coal; 2 — argillite; 3 — sandstone; 4 — aleurolite

Table
Physical and chemical characteristics of the rock mass under study
Young’s Poison’s Ultimate one-axis
Rock layer Rock layer description modulus ratio, compressive strength,
E, MPa u R, MPa
1 Coal 13478.6 0.3 15
2 Argillite 3193 0.3 15
3 Sandstone 9000 0.3 30
4 Aleurite 2981.7 0.3 20
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In terms of formula (2), the value of structural weak-
ening coeflicient is determined by formula [6]

k. =1-4/0.51 exp(—0.25n),

where 1) is a coefficient of rock mass strength variation
determined by the formula

naf%(nﬁﬂ)—l,

where /, is average distance between fissures; /; is typical
dimension of standard rock sample; 1, is coefficient of
variation of rock sample testing results.

It follows from Fig. 2 that distribution of stresses in
the neighborhood of mine working is almost similar to
the solution of elastoplastic problem [6]. Divergence
with accurate solution is 3—5 % depending upon the fact
that the shape of the mine working is not round. A zone
of nonelastic deformations of approximately round
shape with 3R, radius is formed around the mine work-
ing. Displacements within the mine working contour
are 0.3—0.5 m. Such displacement value (U > 0.3 m)

means that heaving of mine working floor is possible.
Check of possible floor heaving according to the crite-
rion by O. M. Shashenko [6].

The technique developed in papers by O. M. Sha-
henko [6] and S. M. Gapieiev [5] was applied for simula-
tion of the mine working floor heaving by means of one-
time rising of central point of a bottom (Fig. 4, a). In this
context PRS shape from the side of mine working floor
experienced substantial increase (6—8 times); floor dis-
placements were 0.5—0.7 m (Fig. 4, b); and contour dis-
placements within walls and roof remained at the level of
0.3 m. Such a feature of displacement evolution is typical
for floor heaving process considered physically as a loss
of elastoplastic resistance of a geomechanical system [3].

Comparison of the obtained parameters of geome-
chanical state of rock mass in the neighborhood of mine
working corresponds up to 0.9 to the parameters mea-
sured in 161" boundary entry of the Construction Proj-
ect Passport for “Shakhta Stepnaia” mine of “DTEK
Pavlohradvuhillia” PJSC [7].

In terms of mining and geological conditions of the
Construction Project Passport for “Shakhta Stepnaia”
mine of “DTEK Pavlohradvuhillia” PJSC, displace-

Fig. 2. Distribution of radial (a) and tangential (b) stresses and shape of zones of nonelastic deformations (c)
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Fig. 3. Displacement vectors (a) and PRS shape in the neighborhood of the mine working in the confext of heterogeneous
model (b)
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Fig. 4. Simulation of floor rock heaving process in the mine working (a) and the result of numerical modeling (b):
A is a point within the rock mass contour; A' is the position of A point after heaving process simulation; AU, is the
value of the mine working floor rising after heaving process simulation
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ments in the neighborhood of the development mine
working were measured in the context of varying width
of protective structure of a longwall. Conditional width
of the protective structure (pillar) varied from 1 to 8§ m
with one-meter spacing. Thickness of a seam to be mined
was 0.95 m. In this context, both vertical and horizontal
displacements within vertical axis in the mine working
roof were estimated.

Figs. 5—7 shows the results of numerical calculations.

Fig. 5 explains nature of vertical displacements of 22
conditional points located regularly along vertical axis
within the mine working roof at the depth of 0 to 6.0 m

-0.7

depending upon the varying width of protective struc-
ture (pillar).

Fig. 6 shows nature of horizontal displacements of
22 conditional points located regularly along vertical axis
within the mine working roof depending upon the vary-
ing pillar width.

The abovementioned means that horizontal displace-
ments in terms of height of the controlled line alternate
in their signs transferring from compressive stresses to ten-
sile ones.

Figs. 7 and 8 demonstrate separately vertical and hor-
izontal displacements of control point within the mine
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Fig. 5. Dependence of vertical displacements of the conditional points along vertical axis within the mine working roof
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tical axis within the mine working roof is coal seam
thickness is 0.95 m and pillar width varies
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working contour as well as the most remoted one locat-
ed at the distance of 6 m from the mine working contour.

It follows from Figs. 5—8 that the nature of displace-
ments depends heavily on pillar geometry; moreover, in
terms of'its certain width horizontal displacements change
their signs for opposite ones. The fact was already noted
by Yu. M. Khalimendik in the process of full-scale mea-
surement analysis [8].

The following stage of solving elastoplastic problem
concerning stress-strain state of rock mass in the neigh-
borhood of long horizontal mine working considers non-
homogeneous rock mass (Fig. 1, b).

RS 2 software was applied to perform several stages
of numerical modeling of SSS of the analyzed rock mass
[3] weakened by single mine working. Fig. 9 demonstrates
the calculation scheme.

Gradual modeling was to estimate horizontal dis-
placements along vertical axis within the mine working
roof as well as vertical displacements U and o ) value

along the line of protective structure Whose width a,
varied from 1 to 10 m, and coal seam thickness was 0.95 m

Fig. 10 shows values of horizontal displacements of
distant (well bottom) and close (well mouth) points along
the vertical axis located in the mine working roof de-
pending upon protective structure width.

The obtained results of horizontal displacements
along the vertical axis in the mine working roof, vertical
displacements U and values o ) within the line of pro-

tective structure made it possible to calculate stiffness of
protective structure in terms of varying pillar width us-
ing the formula

According to the calculation results, U X (U 5 ) =f (Gl. )

function was considered and graph of the dependence of
horizontal displacements of distant point of vertical line
within the mine working roof on protective structure stiff-
ness was built (Fig. 11). The graph is approximated by
power dependence of the following type

U, =076

Conclusions and recommendations for further research.
Geomechanical model of a single in-seam mine working
driven in stratified rock mass with the parameters corre-
sponding to the mining and geological conditions of Con-
struction Project Passport for “Shakhta Stepnaia” mine of
“DTEK Pavlohradvuhillia” PJSC has been verified.

It was determined that value of horizontal and verti-
cal displacements of a point located within a vertical well
at the distance of 6 m from the mine working contour,
may be 0.1—0.2 m depending upon the width of the pro-
tective structure (its stiffness).

While varying stiffness of the protective structure, it
is possible to control displacements in the neighborhood
of the development mine working and take them into
consideration while selecting distant well point as zero
one, i.e. reference point.

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 6

Fig. 9. Calculation scheme fo solve a problem of stress-
strain state of stratified rock mass involving single
mine working
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Mera. Ilonsrae B oLiHLIi ITepeMillieHb HABKOJIO ITijI-
TOTOBYOI BUPOOKM, 1110 TIPOIieHA B TipHUYO-T€OJI0Tiv-
HUX YMOBax 11axT 3axigHoro JloHOacy i 3HaXOIUThCS B
30Hi BIUJIMBY OUMCHUX POOIT, 151 TOAAJIBIIOTO BIOCKO-
HaJIeHHS METOIMKM HAaTypHUX BUMipIOBaHb, € BaxJIM-
BUM eTaroM Bepuikallii reoMeXaHiuHO1 MOfEeIi.

Metomuka. Bkitouae psin mociigoBHUX ornepaliii Yu-
CEJILHOTO MOIC/TIOBAHHS, BUKOHAHHS SIKNX TO3BOJISIE 3
iMoBipHicTio 0,95 BinoOpasuTu nedopmaliitHi npoie-
CH, III0 PO3BUBAIOTHCSI HABKOJIO TEOTEXHIYHOI CHCTEMU
,,BUpOOKa — y1aBa“, sIKi TIpU3BOISITh OO BTPATU MPYK-
HO-IUIACTUYHOI CTiKOCTi MPUKOHTYPHOI'O TTIOPOJIHOTO
MacHuBy, 0cJIabJIEHOro BUpOOKaMu a00 KOMILJIEKCOM ITifl-
3eMHUX MOPOXXHUH. OCOOIMBOCTI reOMeXaHiUHUX TTPO-
1IeCiB, 1110 BiZOYyBalOThCsI HABKOJIO BUPOOKU, BUBYAIINCH
3a JIOMIOMOTOI0 CKJIAMHOI TEXHIYHOI CUCTEMMU ,,BUPOO-
Ka — LIJIMK — MacuB®, sIKa MOeTallHO CTBOPIOBAIach y
TMOPOAHOMY MaCUBi.

PesynbTaTu. Pe3yabTaTi 4rceIbHOTO eKCITepUMEH-
Ty JO3BOJIMJIA BCTAHOBUTHU 3aKOHOMIipHOCTI nedopmy-
BaHHSI IIapyBaTOro ITOPOTHOTO MAacWBY HABKOJIO BU-
POOKM, 110 3HAXOAUTHCS B 30H1 BILIMBY OYMCHOTO TIPO-
CTOpY, 3a Pi3HOI JKOPCTKOCTI OXOPOHHOI KOHCTPYKIIii B
JIaBi, OLIIHUATH i1 BIUIMB Ha LJTICHICT TEOMEXaHIYHOI CUC-
TeMU B LIJIOMY.

HayxkoBa HoBu3Ha. [loJisirae B ToMy, 1110 BIIEpILIE 10-
BeleHO (haKT i BCTAHOBJIEHI 3aKOHOMiIpPHOCTI MepeMi-
1IeHb M0 BEPTUKaJli Ta TOPU3OHTAJi HaiBiggaIeHIIIO1
TOYKM IJTMOMHHOI perepHOi CTaHIIii MpY 3MiHHIN 1IU-
PUHI OXOPOHHOT KOHCTPYKIIil B JIaBi.
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IIpakTuyna 3HaumMicTb. [losisirae B TOMy, 1110 BCTa-
HOBJIEHI 3aKOHOMipHOCTI MOXYTb OyTU KOPUCHUMU 3a
OLIIHKM 3CYBiB TOpiJ MiJOLIBY ¥ MOKPIiBJIi OpU BUKO-
HaHHI HATypHUX BUMipIOBaHb METOJIOM HiBeJIIOBaHHSI.

Kimrowosi ciioBa: Hanpyiceno-degpopmosanuii cmat, nio-
20moe4a supodKa, 0XOPOHHA KOHCMPYKUis, 2AUOUHHA pe-
nepHa cmauyis, nepemiuieHHs nopio NOKpieni, HamypHi u-
MIPHOBAHHS, YlCeNbHEe MOOCAHOBAHHS

ean. CocToUT B OLIEHKE TTePEMEIIEHUI B OKpecCT-
HOCTH TIOATOTOBUTEILHOM BBIPAOOTKM, IIPOMICHHOI B
TOPHO-TEOJIOTUICCKIX YCIIOBHSIX IIAXT 3aragHoro JJoH-
bacca ¥ HaXoIsIIIeHCsT B 30HE BISHUS OYMCTHBIX padoT,
JUTSI TIOCTIEAYIOIIIETO COBEPIIICHCTBOBAHMSI METOMMKI Ha-
TYPHBIX U3MEPEHUM, SBJISIOLIMXCS BAXHBIM 3TAIllOM BE-
pUbUKAIIIY TeOMEXaHUIECKON MONIETIN.

Metoauka. BxitouaeT psin rociaenoBaTeIbHBIX OIle-
palMil YMCIEHHOTO MOJIEIUPOBaHUsI, BBITTOJIHEHNE KO-
TOPBIX MTO3BOJISIET C BEPOSITHOCTHIO 0,95 0TOOpa3uTh nie-
(opMalIOHHBIE TTPOLIECCHI, Pa3BUBAIOIINECS B OKPECT-
HOCTH re0TeXHUYECKOI CUCTEMBI ,,BbIpabOTKa — J1aBa“,
KOTOpBIC MPUBOAAT K TOTEpEe YIIPYrO-THIACTUYECKOM
YCTOMYMBOCTU TTPUKOHTYPHOTO ITOPOITHOTO MAaCCHBa,
0CJTabJICHHOTO BEIPAOOTKOM MM KOMITJIEKCOM TTOA3EM-
HBIX TT0J10CcTeil. OCOOEHHOCTH TEOMEXaHMICCKIX TTPO-
1IECCOB, TIPOUCXOISIINX B OKPECTHOCTU BEIPAOOTKM, 13-
YYaJIMCh IPU IIOMOILIM CIOXHOW TEXHUYECKOU CUCTEe-
MBI ,,BBIpaOOTKa — LEJIUK — MacCUB™, TTOATAITHO CO3-
JlaBaeMOM B IIOPOJHOM MAaCCUBE.

Pesyabrartbl. Pe3yibTaThl YMCIEHHOTO 9KCIIEPUMEH-
Ta MO3BOJMIM YCTAaHOBUTH 3aKOHOMEPHOCTH Aedop-
MMPOBaHUSI CIIOMCTOTO ITOPOTHOTO MACCHUBA BOKPYT BbI-
PpabOTKM, HAXOMSIIECS B 30HE BIMSTHYS OYMICTHOTO TTPO-
CTPaHCTBA, IIPU PA3IMIHOM KECTKOCTH OXPAHHOI KOH-
CTPYKIIMU B JIaBe, OLICHUTD e¢ BIIMSTHIE Ha IICJIOCTHOCTh
reOMEeXaHNIEeCKOM CUCTEMEI B IICJIOM.

Hayunas HoBu3Ha. COCTOUT B TOM, UTO BIICPBBIC TO-
KazaH (haKT ¥ yCTAHOBJICHBI 3aKOHOMEPHOCTH TIepeMe-
ILIEHUI MO BEPTUKAINA U TOPU3OHTAIM JaJIbHENA TOUKA
IJIYOMHHOM pernepHOi CTaHUIMU ITPU U3MEHSIONIENCS
IIMPUHE OXPAaHHOI KOHCTPYKIIMU B JIaBe.

IIpakTHyeckas 3HAYUMOCTD. 3aKIIIOYAETCS B TOM, UTO
YCTaHOBJICHHbIE 3aKOHOMEPHOCTU MOTYT OBITh IOJIE3-
HBIMU TIPY OLICHKE CMEIIECHMI TTOPO, TTOYBBI ¥ KPOBJIH
IIPY BBITTIOJTHEHUM HATYPHBIX NU3MEPEHUIA METOIOM HH-
BEJIMPOBAHUS.

KioueBble cJioBa: HanpsiceHHO-0eqhopmMuposantoe co-
cmosiHue, N0020MOBUMENbHAS 8bIPADOMKA, OXPAHHAS KOH-
CMpYKUus, enyOUHHAs penepHasi CMaHyus, nepemeu,eHus
nopoo Kposau, HamypHble UsMeperUst, YUCAeHHOe MoOeau -
posarue

Pekomendosarno 0o nybaikauii dokm. mexH. HAyK

C. M. I'aneeeum. Jlama HadxodxuceHHs — pyKonucy
12.11.16.

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 6



