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RESEARCH OF POSSIBLE ZONES
OF INELASTIC DEFORMATION OF ROCK MASS

Abstract. In the given work the sizes of conditional zones of inelastic deformations near mine excavations are
determined at the combined development of the “Akzhal” deposit. Numerical analysis was carried out by the method
of boundary integral equations with a stepwise loading of the rock mass. Modeling of geomechanical processes was
carried out by an elastoplastic model of deformation. The refinement of physical and mechanical properties of rocks
was carried out with the help of RocLab. In preparing the initial data for numerical analysis, the main strength index
of rock mass was the geological index of strength GSI. When specifying the strength parameters, a transition is
established from the strength of the sample to the strength of the rock mass. The research was carried out with the
mine excavations at a depth of 100 to 500 m with a lateral pressure coefficient of 0.6 to 1. The dependence of the
sizes and shapes of the possible zones of inelastic deformation around the mine excavations on the coefficient of
lateral pressure and the depth of the excavations was established. Based on the results obtained, it is possible to
assess the geomechanical state of the contour part of the rock mass, and also take into account the choice of types
and parameters of fastening of mine excavations.

Keywords: zones of inclastic deformations, geological index of strength, strength criteria, numerical analysis,
joint condition, coefficient of lateral pressure, mine excavations.

Introduction. The technogenic impact on the untouched rock mass leads to a change in the stress-
strain state of rocks in the contour part of the mass. More preferable in justifying the stability parameters
of mine excavations are numerical methods of investigation, which allow a lot of possible initial data to be
taken into account.

Numerical simulation allows to quickly analyze the geomechanical state of the mass due to instan-
taneous interpretation of the change in the stress-strain state of the rock mass and the visualization. The
advantageous aspect of numerical simulation is the creation of an identical geomechanical model of the
investigated area with maximum allowance for the mining-geological and mining-technical conditions of
the deposit.

The task of the research work is to determine the size of the given zones of inelastic deformations
(fracture zones) near the mine excavations in the conditions of the “Akzhal” deposit.

Materials and methods. When assessing the stability of mine excavations, it is very important to
choose the correct model for the behavior of the contour part of the rock mass. First of all, it must take
into account the possibility of non-linear deformation of rocks near the mine excavations and the
possibility of developing a zone of destruction in area [1].

To determine the possible zones of rock destruction (zones of inelastic deformations) around the mine
excavations, a method of step-by-step loading by the method of boundary integral equations was adopted,
which is implemented using the Hi-Fi application program developed at the Karaganda State Technical
University.

Hi-Fi programs allow to take into account a wide variety of forms and sections of preparatory and
cleaning excavations, the influence of a number of located excavations for the development of an effective
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method of supporting workings and developments of steeply falling ore bodies, joint condition of rock
mass, which is an important factor for the correct determination of the fracture zone. In addition, the
calculation program is easily adapted to various mining and geological conditions [2].

The task of modeling is to determine the coordinates of the joint contour, based on information on the
stress-strain state of the mass. In this case, the vertical section of the mass with a notch 1s considered, the
geometry of which was determined by typical sections of the production. The contour is represented by a
polygon. The geometry of this polygon is given by the coordinates of the nodes (vertices of the polygon).
Since the entire region outside the output contour is an infinite number of points, and a numerical analysis
of the stress state at all points is impossible, in our case we confine ourselves to considering a finite
number of points (n) located in a strictly defined order. All the investigated points are located on the rays
(m) emerging from the middle of the sections at a fixed distance from each other on the ray (figure 1).

Figure 1 — Scheme of the location of the scanning beams

Carrying out the mine excavations violates the natural state of the rock mass, which leads to
additional loading of the mass. This additional loading is divided into a number of stages. At each stage of
loading, there is a stress-strain state of an elastic mass with a variable internal boundary (an elastoplastic
problem is solved). At the first stage, this boundary is the output contour. At the second stage - the contour
of the fracture zone that occurs during the first stage, etc. In this case, at each stage of loading on the
internal circuit of the voltage the values are preserved, achieved at the previous stage of loading. It is
assumed that the rock mass that fall into the fracture zone during further loading do not exert a resistance
to deformation of the elastic part of the mass. Thus, at each loading stage, additional elastic displacements
on the inner boundary of the elastic part of the mass take place without resistance, same as for a non-
reinforced contour. At the same time, the deformations of this contour accumulated at previous stages
remain unchanged [3].

Numerical analysis does not limit the number of destruction criteria, therefore, the shearing (Mohr-
Coulomb) and discontinuous (the largest deformation stretching) criterion are used simultancously.

The contours of the fracture zone are determined by the following equation [4]:

p—K)E
nkK ’

4:&@+ (1

where R, — radius (width) of excavation, p = ¥ - voltage acting in an untouched mass; K — maximum
tangential stresses, n — number of stages of loading.
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One of the main difficulties in the numerical simulation of geomechanical problems is the absence of
initial data - parameters of the mechanical behavior of the rock mass.

The use of certain patterns of behavior of the rock mass, available in modern numerical analysis
programs, becomes difficult or practically impossible if there is no reliable initial data for the parameters
of the adopted (chosen) model.

The initial data for the calculation includes the geometric characteristics and mining-geological
conditions of the mine excavations, the strength properties of the rock mass, additional information on the
presence in the rock layers of the planes of weakening of the ordered joint condition, weak interlayers, as
well as geological disturbance and the wetting of a particular deposit.

The preparation of the initial data for numerical analysis was carried out with the help of the program
RocLab, which allows to quickly determining the strength parameters of the rock mass on the basis of the
criterion of destruction of Hoek-Brown and Mohr-Coulomb.

One of the important parameters of the initial data is the indicator of the Geological Strength Index
(GS)), proposed by Evert Hoek in the 90s of the last century [5].

The GSI indicator is determined by the diagram shown in figure 2, based on the results of processing
mine studies.
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Figure 2 — GSI Indicator Definition Chart

The index is the initial data for refining the physical and mechanical properties of rocks using the
RocLab program. The definition of GSI indicator is based on correlations [6]:
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GSI = RMR - 5 )

where RMR — the rating of the rock mass by Bieniawski [7] is defined as follows.

To clarify the strength parameters of the rock mass, detailed information is required on the physical
and mechanical properties of rocks, which were determined on the basis of technical documents and
mining-geological data of the “Akzhal” deposit. The “Akzhal” deposit is represented by rock formations.
The ore-bearing rocks are mass, occasionally skarned and homfelsed limestones and siltstones. Breeds are
generally characterized as strong and medium strength.

RocLab program introduced the following data:

- intact uniaxial compression strength (sigei) - 60 MPa;

- geological index of strength (GSI) — 55;

- unbroken rock parameter (mi) — 10 (for limestone);

- disturbance factor (D) — O (characterizes the good quality of shooting works);

- intact modulus (Ei) — 21000 MPa (for limestone);

- the depth of the location of the excavations (H) varied from 100 to 500 m;

- the bulk weight of rocks (y) is 2.7 t/m’ or 0.027 MN/t.

When specifving the physic-mechanical properties of rocks, the following results were obtained:

- the cohesion of rock mass (figure 3a) varied from 0.9 MPa (at a depth of 100 m) to 1.9 MPa (at a
depth of 500 m);

- the friction angle (figure 3b) changed from 39 degrees (at a depth of 500 m) to 51 degrees (at 100 m);

- tensile strength — 0.202 MPa, uniaxial compressive strength — 4.826 MPa.
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Figure 3 — Graphs of the change in the cohesion (a) and the friction angle (b)
of the rock mass, depending on the depth of the mine excavation

Figure 4 shows the strength passport of the rock mass of the “Akzhal” deposit, depending on the
depth of the mine excavations.

Also, when determining the strength parameters of rocks, the coefficient of structural attenuation was
established, the value of which is 0.08.

The obtained data were used as initial data in a numerical analysis to determine the conditional zone
of inelastic deformations (ZID) of rock mass around the mine excavations located at a depth of 100 to 500 m.

In the program of numerical analysis of the stress-strain state of the rock mass, the strength para-
meters of the rocks are given by the dimensionless coefficient in the joints Geomp/YH and C/yH (figure 5).
Also, as initial data, the friction angle of the rocks and the orientation of the joint systems relative to the
mine excavation axis are introduced.

Results and discussion. The simulation was carried out taking into account three cases of laying the
mine excavation in a rock mass with a lateral pressure coefficient (&) from 0.6 to 1.

Analysis of the calculation results shows that ZID at relatively shallow depths (100 m) at & = 1 is
formed relatively uniformly around the excavation. With an increase in the depth of the mine excavations
(from 200 m and more), the ZID in the roof and soil of the development increases in size and begins to
approach the ellipse elongated in the vertical direction (figure 6a).
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Figure 5 — Initial data for numerical analysis:
1 — index of uniaxial compressive strength, 2 — cohesion index

The dimensions of the ZID in the roof are from 0.8 (100 m) to 2.1 m (500 m) and in the sides of the
mine excavation - from 0.5 to 1.3 m. At depths between 100 and 200 m, the size of the ZID is almost
doubled (an increase of 87.5%), and from the depth of mine excavations from 300 to 500 m the
dimensions of the ZID are relatively close.

Analysis of the configuration of ZID at & = 0.8 shows that at the same depths (from 100 to 500 m) it
has a relatively uniform shape around the formation. The dimensions of the ZID in the roof are from 0.3 to
1.6 m (from 100 to 500 m, respectively), and in the sides of the mine excavations vary from 0.4 to 1.2 m.
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Figure 6 — Zones of inelastic deformations of rock mass around the mine excavations

In the case when A = 0.6, the ZID has a more complex configuration and is formed in the lateral parts
of the mine excavation. At shallow depths (100 m), part of the rock mass that adjoins the roof and the soil
is quite elastic, which indicates the stability and absence of joint processes in these zones. With an
increase in depth, a more explicit increase in the sides of the ZID occurs comparing to the roof of the mine
excavation. The size of the rock destruction zone in the sides of the mine excavation is from 0.4 m (at a
depth of 100 m) to 1.2 m (500 m). It should be noted that for this zone of the limiting state, the growth of
the dimensions of the ZID is characterized regarding to the horizontal direction. Forms of the zone of
destruction of rock mass around the mine excavation in all cases of stress state has a simple configuration
that favorably influences the choice of types and parameters of fastening.

Thus, analyzing the results obtained, it should be noted that the shape and size of ZID around the
mine excavations is largely determined by the depth of the mine excavation and the lateral pressure
coefficient, the strength of the rock mass and the shape of the section of the mine excavation. With an
increase in the depth of production, the growth of linear dimensions is typical, as well as the gradual
aspiration to the shape of an ellipse elongated in the horizontal direction. In this case, the difference in the
size of the ellipse of the zone of the limiting state is determined by the value of the lateral pressure
coefficient, and the absolute dimensions of this zone - by the dimensions of the development and the

strength characteristics of the rock mass.
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Figure 7 — Dependence of the dimensions of the ZID in the roof (a) and sides (b) of the mine excavations
from the depth of the deposit
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Conclusions. Numerical analysis by definition of ZID around the mine excavations by the method of
boundary integral equations with a step-by-step loading of the rock mass allows taking into account a
large number of mining-geological and mining-technical conditions of the deposit.

The geological strength index (GSI) makes it possible to prepare correct initial data for the numerical
analysis of the stressed state of the rock mass.

As a result of the numerical analysis, the dependences of the ZID dimensions on the lateral pressure
coefficient are determined at a depth of mine excavations from 100 to 500 m.

An analysis of the change in the ZID near the mine excavations objective information about their
stability and allows predicting possible displacements. The availability of such information will make it
possible to reasonably approach the choice of methods and means for maintaining mine excavations
during their operation.

REFERENCES

[1] Sudarikov A.E., Zeitinova Sh.B., Bakhtybaev N.B., Imashev A.Zh., Tileukhan N. (2013). Solution of geomechanical
problems in elastic formulation [Resheniye zadach geomekhaniki v uprugoy postanovke] // University’s works [Trudy Univer-
siteta] 1: 37-39. (In Russian)

[2] Sudarikov AE., Imashev A.Zh., Bakhtybaev N.B., Takhanov D.K. (2017). Stress-strain state of a rock mass around
excavations taking into account its joints [Napryazhenno-deformirovannoye sostoyaniye gornogo massiva vokrug vyrabotok s
uchetom yego treshchinovatosti] // Bulletin of the National Academy of Mining Sciences [Vestnik Natsional'noy akademii
gornykh nauk] 1: 59-64. (In Russian)

[3] Isabek T.K., Imashev A.Zh., Sudarikov A.E., Bakhtybaeva A.S., Zeitinova Sh.B. (2013). Modeling of geomechanical
processes around mine excavations [Modelirovaniye geomekhanicheskikh protsessov vokrug gomykh vyrabotok]| // Industry of
Kazakhstan [Promyshlennost' Kazakhstana] 2: 56-57. (In Russian)

[4] Kolokolov S.B., Sudarikov A.E. (1997). Mechanics of underground structures [Mekhanika podzemnykh sooruzheniy].
KSTU, Kazakhstan. ISBN: 5-7667-1689-3.

[5] Hoek E., Carter T., Diederichs M. (2013). Quantification of the Geological Strength Index Chart. // Proceedings of
47" US Rock Mechanics / Geomechanics Symposium, San Francisco, USA. P. 65.

[6] Hoek E., Brown E.T. (1997). Practical Estimates of Rock Mass Strength, International Journal of Rock Mechanics and
Mining Sciences, 8: 1165-1186. DOL: 10.1016/S1365-1609(97)80069-X.

[7] Bieniawski Z.T. (1989). Engineering Rock Mass Classifications. John Wiley, USA. ISBN: 0-471-60172-1.

A. Amames’, A. Cynmbaesa', H. KosmaramGeros', JI. Taxanos', H. 96 ximyramin’
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TAY KBIHBICTAPJABIH CEPIIIMCI3 JE®@OPMAIMAJIAHY
ASACBIH 3EPTTEY

Annortamust. XKyMpIcTa apanmac Kazy XyHECIMEH OHIIPETIH «AKKAlD» KCH OPBIHBI TAY-KCH Ka30aIapbIHBIH
MaHANBIHIAFEl CEPIIMCI3 MIIIHACHY ASIApBIHBIH emeMacpi aHbIkraxasl. CaHABIK Tanmay Tay >KbIHBICTAPbI Cijie-
MIHIH 3TanThl >KYKTEMEICHYIMCH IICKTIK WHTETPANABIK TCHACYJCP OMiCI apKbUIBI >KYpriziami. I'eoMexaHMKaIbIK
YpAicTepAl MOACIBACY MIMIHACHY IIH CEPIIMIIIUIACTUKAIBIK MOJCIIMEH JKYy3eTe achIPbUINbL. Tay SKbIHBICTAPHIHBIH
(pm3MKa-MEXaHUKAIBIK KaCHETTEPiH HaKThIay RocLab GarmapraMachIHEIH KeMeTiMeH OpbIHAANAbl. CaHIbIK Tanaay
YIIiH OacTamnkbl MOTIMETTEPAL AastpIiay OapbIChIHAA TAY >KBIHBICTAPBIHBIH HET13T1 MBIKTBUIBIK KepceTkimmi 6ombm GSI
MBIKTBIIBIKTBIH TCOJOTHSUIBIK HHACKCI TAaOBLIABL. MBIKTBUIBIK MApaMeTPICpiH HAKTHUIAY KE3IHIAEC YT MBIKTBHLIbI-
FBIHAH TAy >KBIHBICTAPBI CITEMiHIH MBIKTBLIBIFBIHA AyBICHIMBI AHBIKTATIBL. 3EPTTEY >KYMBICTaphl TAy-KCH Kasz0ama-
psiHbIH 100 M-1eH 6actan 500 M-re AeHiHTI TEPSHIIKTE OPHANIACYBI XKaHE OYHIP KbIchM eceniri 0,6-maH 1-re aeHinTi
sKarmaina kyprizingi. Tay-keH Kaz0amapbIHBIH MAHAWBIHIAAFBI CEPINIMCI3 MIMIHACHY ASUIAPBIHBIH ©JIIEMICPI MEH
(hopMamapeIHEIH OYHIp KbICHIM €CEMIri MEH Tay-KeH Ka30aHBIH OPHAIACY TEPEHIITIHE TOYCIALIITI AHBIKTAJIBL
AJBIHFAH HOTIDKEJIEP HETI3IHAC TAy KBIHBICTAPBI CITEMiHIH KOHTYP MaHbI OOIIriHIH I€OMEXaHHKAIBIK >KaFJaibIHA
Oara Oepyre, COHBIMCH KATap, Tay-KCH Ka3z0amaphl OCKITHCHCPIHIH TYpi MCH MApaMCTPIICPiH TAHAAyda CCKEPYyTe
Oomagsl.

Tyiiin cesmep: cepmiMCi3 MIMIHACHY asIapbl, MBIKTBUIBIKTBIH, TCOJOTHAIBIK HHICKCI, MBIKTBIIBIK KPUTCPHIi-
JIepi, CAHABIK TAlAay, TACKAPHIKTHIK, OYHip KBICEIM €CEIiTi, Ka30a.
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HCCIEJOBAHHME BO3MOXHBIX 30H
HEYIIPYI'UX JE®OPMAIIMA I'OPHBIX NOPO/L

Annoramus. B paboTte onpeacacHsl pa3sMephl YCIOBHBIX 30H HOYNMPYTHX aedopMarmil BOTH3H TOPHBIX BHIPA-
00TOK TIpH KOMOMHHPOBAHHOH OTPAOOTKE MECTOPOKICHHS «AKKam». UHCICHHBIH AHAIN3 MPOBOJMICA METOIOM
TPAaHWYHBIX HMHTCTPAILHBIX YPABHEHHIH C MOITANMHBIM HATPY’KCHWEM MACCHBA TOPHBIX IOpod. MozaemmpoBaHue
TEOMEXAHMUYECKHUX IIPOIECCOB OCYINECTBILUIOCH YIPYTOIUIACTHYECKON MOJCHbIO JC(OPMHUPOBAHUA. Y TOUHCHHC
(PM3MKO-MEXAHMICCKUX CBOHCTB TOPHBIX IOPOA BBIMOJHEHO C MOMOINBI0 mporpamMmbl RocLab. Ilpu moxaroroske
HCXOZHBIX JAHHBIX JJISI YUCICHHOTO AHANH3a OCHOBHBIM IPOYHOCTHBIM ITOKA3aTENIeM TOPHBIX IOPOJ SIBILLICA
reosormueckuii mHAEKC mpoyrocTd GSI. Ilpu yTOYHEHHWH NMPOYHOCTHBIX NMAPAMETPOB VCTAHOBJICH IIEPEXOT OT
MPOYHOCTH 00pa3ma K MPOYHOCTH MACCHBA TOPHBIX MOpoa. MccnenoBaHie MPOBEACHO NPH 3aJI0KCHUH BBIPAOOTKH
Ha TayOumHe oT 100 10 500 M mpu ko3 duumenTe 6okoBOTO HaBieHmsI oT 0,6 70 1. YcTaHOBIEHA 3aBHCHMOCTD Pa3-
MEpOB U (OPM BOZMOKHBIX 30H HEYNPYTHX Je(OpMaIMy BOKPYT TOPHOH BHIPAOOTKH OT KO3((uimeHTa OOKOBOTO
JABJICHMS M TIIYOMHBI 3al0KCHHSI BBIPAOOTKH. Ha OCHOBE MOJYUCHHBIX PE3yIbTATOB MOXKHO ITPOBOJWUTH OLICHKY
TEOMEXAHMUECKOTO COCTOSHUSI IIPUKOHTYPHOH YaCTH MACCHBA TOPHBIX IIOPO, 4 TAKKE YUCCTh IIPH BHIOOPE THIIOB U
TIAPAMETPOB KPEIIJICHH TOPHBIX BHIPAOOTOK.

KimoueBbie ciioBa: 30HBI HEYIPYTUX Ae()OPMAIHH, TCOTOTHUCCKHH HHACKC MMPOYHOCTH, KPUTCPHH IPOYHOCTH,
YUCJICHHBIN aHATH3, TPCIUHOBATOCTh, KOI(PHUIHECHT OOKOBOTO JABICHUS, BRIPAOOTKA.
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