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Abstract. The Vysokoye-2 inclined ore body belongs to the Kindikansky section of the Irokindinsky gold ore deposit and is
mined underground in mountainous area. Mining operations are conducted in complex geological conditions, which determine
changes in the natural and man-made stress behavior of the rock mass. To ensure effective management of rock pressure,
a set of studies was performed including a comprehensive study of the geomechanical behavior of the rock mass at the
lower levels of the ore body. As part of the research, the fracturing parameters of the rock mass were refined, physical and
mechanical tests of rock samples were conducted, and the stability of rock exposures in mine workings was assessed. In
situ measurements using the method of the Ural Branch of the Russian Academy of Sciences (at slot-discharge stations
in workings of the lower levels) made it possible to identify the distribution patterns of natural stresses in the rock mass.
The stress distribution pattern within the Vysokoe-2 ore body was determined as gravitational-tectonic. To assess the man-
made component of the stress behavior, stress calculations around the workings were performed using the finite element
method. This work established permissible stress levels for the rocks, as well as formation patterns of destructive stresses
along the workings’ contours. The analysis showed that man-made stresses exceed the permissible values, and therefore,
measures for stress relief of the mass are required in the zone of stable rocks. Data from visual inspection of the condition
of the workings indicate the presence of static rock pressure. Taking into account the results obtained, recommendations
have been developed for the safe mining operations at the Vysokoe-2 ore body.
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MUccnepgoBaHne reomexaHM4eCKOro COCTOSAHUA
MaccuBa ropHbIX nopoa pyaHoro tena Bbicokoe-2

A.M. Naenos?, A.l0. BonoTtHeB®, 6.H. On3oeB*™
aYpKkymckull HayuoHasbHbIU uccredosamernbCKul mexHudeckul yHusepcumem, Mpkymck, Pocculickas ®edepayusi

Pe3rome. HaknoHHoe pyaHoe Teno Bbicokoe-2 oTHocuTcA Kk KnHAMKaHcKoMy yvacTKy MIpOKMHOMHCKOrO 30110TOPYAHOIO
MECTOPOXAEHMSA 1 pa3pabaTbiBaeTcA NOA3EMHbLIM CNOCOOOM B rOPUCTON MECTHOCTU. [OpHbIe paboTbl BeAyTCS B CIOXHbIX
reonornMyecknx ycrioBusx, onpeaensowmnx n3MeHeHe NnpupoaHOro N TEXHOTEHHOIO Hamnps»KEHHOro COCTOSIHUS MaccrBa
ropHbix nopog. C uenbto obecneyeHns apeKkTBHOMO ynpaBneHns ropHbIM AaBleHWEM B Xo4e NpoBeAeHHbIX paboT Bbi-
NOSIHEH KOMMMEKC MCCefoBaHNn reOMexaHN4YeCcKoro COCTOSIHMS MaccuBa roOpHbIX NOPOA Ha HUDKHUX FTOPU30HTaxX PyaHOro
Tena. B pamkax paboT yTo4HeHbl napameTpbl TPELLMHOBATOCTU MaccKBa, NpoBeAeHbl (PU3NKO-MexaHN4eckne UChbITaHns
06pasLoB roOpHBIX MOPOA, U OLEHEHA YCTOMYMBOCTb OBHaXEHWI B FOPHbIX BbipaboTkax. HaTypHble nsmepeHns no metoamke
Ypanbckoro otaeneHns Poccuinckon akagemmum Hayk (Ha CTaHUMSIX LWEeneBOoW pas3rpy3ki B BbIpaboTKax HYXHNX FOPU3OHTOB)
MO3BOMUIM BbISBUTb 3aKOHOMEPHOCTU pacnpeaeneHns NpUpoaHbIX HaNPsXKeHU B MacCrBe rOpHbIX nopog. Xapaktep
pacnpegeneHns HanpsbkeHUn B MaccmBe pygaHoro Tena Beicokoe-2 onpeaeneH kak rpaBUTauMoHHO-TEKTOHUYECKMIA. Ons
OLIEHKN TEXHOrEHHOW COCTaBSIOLLEN HAaNPSXXEHHOrO COCTOSAHUS BbIMOMHEH pacyeT HanpshXeHU BOKPYr BbIpaboTok C nc-
NoMb30BaHMEM MeTOAa KOHEYHbIX dleMeHTOB. B pamkax paboT ycTaHOBNEHbI AONYCTUMbIE YPOBHU HANPSDKEHWI ANS NOpog,
a TaKkKe 3aKOHOMEPHOCTN (hOPMMPOBaHMSA PaspyLLUAIOLLMX HANPSHKEHUI BAOMb KOHTYpa BblpaboTok. AHanua nokasarn, 4to
TEXHOTEHHbIE HaMPSHXKEeHNs NPeBbILLAloT AOMNYCTUMbIE 3HAYEHWS, BCIEACTBUE YEro B 30He YCTONYMBBLIX nopog Tpebyercs
npoBeAeHne MeponpuATUA No pasrpyske Maccuea. [laHHble BU3yarnbHOro o6cnenoBaHms COCTOSIHUSA BbipaboTok cBuae-
TENbCTBYHOT O HANMYMKU CTAaTUHECKOTO FOPHOTo AaBneHuns. C y4eToM NonyyeHHbIX pesynsTaTtoB pa3paboTaHbl pekoMeHaaumum
no 6e3onacHoOMy BeAeHUI0 ropHbIX paboT Ha pyaHoM Tene Bbicokoe-2.

Knoveenle crioea: noasemMHas paspaboTka, (M3nKo-MexaHUYeckne CBOWMCTBa, TPELLMHOBATOCTb, YCTOWYMBOCTD, HaMps-
XKEHWSA, reoMexaHuka
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Introduction

The Irokindinsky gold ore deposit is located in
the southern spurs of the South Muya Ridge, within
the basins of the Tuldun and Tuluya rivers (left
tributaries of the Vitim River). Administratively,
the deposit is part of the Muisky District of the
Republic of Buryatia; the distance to the Baikal-
Amur Mainline railway station (the regional center,
Taksimo) is 74 km to the south.

The terrain in the area is of a transitional type:
the northern part is characterized by high-mountain
relief with strong ruggedness, while the southern
part is of medium-mountain relief. The elevations
of the watersheds range from 1,200 to 2,000 m
above sea level. Elevation differences between
watersheds and valley floors vary from 300—400
to 1,000 m.

The climate in the region is sharply continen-
tal with large daily temperature fluctuations. The
deposit is located in a seismically active area with
a probable maximum earthquake intensity of 9
points (MSK-64 scale).

The Vysokoye-2 ore body is located within the
Kindikansky area of the deposit.

The host rocks are represented by gneiss-
es. The gneisses in the near-contact zone with
the ore body are beresitized, with local areas of
graphitization zones extending subparallel to the
ore body along its upper and lower contacts. In
the immediate vicinity of the ore body, the rocks
are subjected to intense fracturing. The thickness
of the schistosity zones vertically ranges from
0.2 to 3.0 m. The contact between the quartz vein
and the schistosity zone is distinct and clear, with
the fractures filled with fault gouge.

The ore body is a schistosity zone with quartz
veinlets, exhibiting a variable thickness from 0.35
to 0.6 m, averaging 0.4 m, a dip angle from 22 to
40°, and a corrugated surface shape.

The stability of mine workings is reduced due to
the presence of schistosity zones and fracturing of
the ores and host rocks, as well as the presence of
local areas of graphitization zones. Horizons below
the 1,160 m level are located in transitional, techno-
genic, and thawed permafrost zones. The rock mass

of the ore body is characterized predominantly by
moderately stable and unstable conditions — with
unstable rocks accounting for 30%.

Development of the balance reserves is carried
out through two declines, from which crosscuts are
driven. These serve to divide the extraction blocks
into sublevels with a vertical spacing of 25 m. Ore
drifts and raises are used for reserve development;
extraction is carried out using a room-and-pillar
system with support of the stoped area, employing
self-propelled mining equipment.

Mining of the ore body is conducted at a depth
of more than 700 m from the surface, which causes
changes in the temperature regime and the natu-
ral and induced stresses of the rock mass. At the
lower levels (absolute elevations in the range of
1,060-1,110 m), manifestations of rock pressure
are recorded, expressed as collapses from the
sides and roofs of the workings; this factor is ac-
companied by an increase in the ore dilution rate
during extraction.

Given the established mining-geological con-
ditions, constant geomechanical monitoring of the
mass condition is required for the correct substan-
tiation of geotechnology parameters. This is pre-
cisely why the task of studying the geomechanical
behavior of the Vysokoye-2 ore body becomes
relevant.

In accordance with the requirements of reg-
ulatory documents, specialists from the Irkutsk
National Research Technical University (INRTU)
in the field of geotechnology and geomechanics
of underground ore deposit mining have carried
out research work on the geomechanical behavior
of the rock mass, considering the development
of the lower levels of the Vysokoye-2 ore body at
the Kindikansky area of the Irokindinsky deposit.
The performed studies have made it possible to
formulate a substantiated set of geotechnology
parameters regulating the extraction of reserves
at the lower horizons of the Vysokoye-2 ore body.

Materials and methods
The research was carried out as part of the

technical assignment under Contract No. 0067/25
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concluded with LLC “Irokinda” (Ulan-Ude, Russia).
The physical and mechanical characteristics of the
rocks of the Vysokoye-2 ore body were obtained
from testing samples taken at the lower levels.
The studies were conducted in the Geomechanics
and Rock Physics Laboratory of INRTU in compli-
ance with the applicable Russian standards. These
parameters formed the basis for geomechanical
calculations used to assess the mass condition in
the area of mine workings.

The stability assessment of rock exposures
was based on a spatial-statistical analysis of tec-
tonic structures. The analysis was performed using
photographic materials of core from exploration
boreholes.

The initial natural stresses in the mass were
determined by means of in situ measurements at
slot-discharge stations in the workings of the lower
levels of the ore body, in accordance with the meth-
od of the Institute of Mining of the Ural Branch of
the Russian Academy of Sciences (UB RAS) [1, 2].
The results of previous similar studies are reflect-
ed in works characterizing the natural patterns of
stress distribution and their relationship with ore
potential, as well as approaches to justifying the
parameters for mining ore bodies under complex
mining-geological conditions [3—11]. Methods for
assessing and determining the stress-strain be-
havior of the rock mass and methods for predicting
rockburst hazard, applicable in the design and con-
duct of mining operations, were also used [7-11].

To evaluate the stress-strain behavior of the
structural elements of the mining system em-
ployed, mathematical modelling was carried out
using the finite element method [12, 13].

The calculations were performed with the
FEM software package (developed by Professor
O.V. Zoteey, Institute of Mining, UB RAS) [15-17].
The following initial data were taken into account:

— values of the initial stresses of the rock mass;

— physical and mechanical properties of the
rocks (including elastic modulus, Poisson’s ratio,
internal friction angle, cohesion, density, compres-
sive and tensile strength, and other parameters);

— geometric characteristics of the mine working
network.

The modelling results are presented both in
graphical (figures, graphs) and numerical form.
The analysis of the stress-strain behavior made it

WWW.Nznj.ru

| 2026;49(?):7-?

possible to establish key patterns of rock pressure
distribution, in particular in pillars, working walls,
and stopes of the undermined mass.

The calculation of induced stresses was
carried out using relationships developed by
V.F. Trubmachev, G.A. Katkov, D.l. Becker,
N.P. Vlokh, A.V. Zubkov, and L.l. Sosnovsky [18].
In this process, stress concentration coefficients
were determined separately.

Actual manifestations of rock pressure were
studied during an in situ visual inspection of the
workings of the Vysokoye-2 ore body. During the
inspection, mandatory photographic recording of
the condition of the support and the rock mass was
carried out, which made it possible to document
the characteristic features of their current behavior.

Results and discussion

During the present research, from the lower
levels of the Vysokoye-2 vein — from the area
where the rock pressure observation stations were
installed, at the 1,160 m level — 6 rock samples
were taken in the form of core material, represent-
ed by interlayered gneisses and beresites.

Based on the results of laboratory tests of
the physical and mechanical properties of the
rocks, it was found that the samples taken from
the Vysokoye-2 vein are characterized by high
elastic and strength parameters typical of rocks
of magmatic and metamorphic origin.

The following values of physical and mechan-
ical characteristics were determined:

— bulk density — 0.028 MN/m?3;

—angle of internal friction — 33°;

— Poisson’s ratio — 0.2;

— elastic modulus — 81 GPa;

— deformation modulus — 70 GPa;

— cohesion — 14 MPa;

— compressive strength — 95 MPa;

— tensile strength — 15 MPa.

Upon water saturation of the samples, no
noticeable decrease in strength properties oc-
curs, i.e., the rocks are water-resistant. The
Protodyakonov strength coefficient according to
M.M. Protodyakonov was obtained in the range
of 6-10, which corresponds to rocks of medium
strength and strong rocks.

The assessment of rock brittleness using
the method of G.N. Kuznetsov (by the ratio of
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uniaxial compressive and tensile strengths) at
the lower levels of the mine showed that the
rock samples presented are prone to brittle
failure. The average brittleness coefficient is
6.7, which exceeds the brittleness criterion of
G.N. Kuznetsov, equal to 6.

The ratio of elastic to total deformations ac-
cording to the method of Ya.A. Bich showed a high
propensity of the presented samples to brittle fail-
ure under load [19].

The laboratories of INRTU and the Research
Institute of Mining Geomechanics and Mine
Surveying, during tests on samples of analogous
lithotypes of rocks and ores taken from the overly-
ing levels, had previously confirmed the propensity
of the rocks and ores of the Vysokoye-2 ore body
to brittle failure under load. This revealed charac-
teristic is consistent with previously established
patterns of mass behavior.

The data from laboratory studies of the strength
and elastic properties of rocks conducted in
2012-2025 show good convergence of results.
This allows the conclusion that the physical and
mechanical characteristics of the rock mass have
been stable over the indicated period.

For the calculations, averaged physical and
mechanical properties were used as input pa-
rameters — they were obtained from the results
of laboratory tests on core from ore intervals of
exploration boreholes of the Vysokoye-2 ore body.
These values are presented in Table 1.

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

During the analysis of photographic materials
of core from 264 exploration boreholes drilled from
drill chambers at the 1,110-1,160 m levels, the
presence of characteristic discing was recorded
in only 16 boreholes, which accounts for less than
6% of the total number of boreholes examined.

An assessment was made of the degree of
core discing in exploration boreholes drilled from
underground workings. The obtained data al-
low the conclusion that the rock mass along the
Vysokoye-2 vein is characterized by the presence
of small-area and thin (0.05-0.5 m thick) zones of
gneiss rocks that are in a highly stressed state.

The sections with core discing are located at
a considerable distance from the borehole col-
lar, outside the zone of abutment pressure of the
workings, which indicates the presence of isolated
highly stressed zones in the rock mass associat-
ed with tectonic faults or contacts of rocks with
different strengths. In the event of exposure of
such zones, which are composed of interlayered
gneisses with thin lenticular gneisses and bere-
sites, the mass will disintegrate (relieve without
dynamic manifestations of rock pressure), while in
the case of thicker monolithic interlayers of rocks,
rock pressure manifestations in the abutment zone
in the form of spalling may occur.

As part of the spatial-statistical analysis of
mass fracturing based on photographic materi-
als of core from exploration boreholes, a calcu-
lated estimate of the weighted average fracture

Table 1. Calculated physical and mechanical properties of rocks for stress modeling

of the rock mass (Vysokoye-2 ore body)

Tabnuua 1. PacyeTHble PM3NKO-MEXaHUYECKNE XapaKTePUCTMKN NOPOA ANsi MOAENMPOBaHUs

HanpskeHUn maccusa (pyaHoe Teno Beicokoe-2)

Physical and mechanical property Value in natural state
Poisson’s ratio 0.2
Angle of internal friction, deg. 33
Cohesion, MPa 14
Elastic modulus, GPa 81
Residual strength, MPa 9.7
Protodyakonov strength coefficient (according to Prof. M.M. Protodyakonov scale) 9
Density, t/m? 2.75
Bulk density, mN/m? 0.0282
Stability category Moderately stable, unstable
Deformation modulus in sample, GPa 70
Deformation modulus in mass, GPa 5-12
Fracture frequency, per meter 13
Average size of structural block, m 0.07
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intensity (specific fracturing) was performed. The
indicator is presented as the number of fractures
per 1 linear metre of the core interval. It should
be noted that in order to optimize the solution of
technological tasks and to analyze the degree of
influence of ore veins on the fracturing of the host
mass, the fracture intensity was assessed in the
vicinity (7—15 m) of the ore bodies, i.e., the future
stoping chambers.

The analysis showed that the fracture intensity
near the ore bodies and in the rest of the rock
mass is practically comparable. Thus, the pres-
ence of ore bodies does not lead to a significant
increase in the fracturing of the contour mass.

The average statistical fracture intensity in the
zone near the ore bodies, calculated from the core
analysis data from 13 exploration boreholes (total
length of the studied intervals 306 m), is 13.9+1.9
fractures per 1 linear metre. The statistical homo-
geneity of the results for all boreholes has been
confirmed: the data belong to a single sample. At
the same time, the average distance between indi-
vidual fractures varies within the range of 6-8 cm.

In terms of mass volume, the distribution of
fracture intensity is as follows: in 68% of the vol-
ume, the indicator value does not exceed the
average level, while in the remaining 32%, it ex-
ceeds it.

Taking into account the obtained results, the
rock mass at the lower levels of the deposit has
been assigned to the categories of moderately
stable and unstable rocks. In order to identify the
natural — initial stresses, slot-discharge stations
were established at a depth of 620730 m from the
surface along crosscut 1/1060, and drifts 3/1060
and 4/1060 in thawed rocks. The total number
of slots made at the stations is 16. The revealed
patterns of the initial stress field acting at the low-
er levels of the Vysokoye-2 ore body, based on
measurements at a depth of 620-730 m, showed
that at a depth of 700 m from the earth’s surface,
the maximum stresses in the rock mass of the
Vysokoye-2 ore body act horizontally, across the
strike of the ore veins. In this direction, the stress-
es exceed the vertical ones by a factor of 1.6.
The horizontal stresses oriented along the strike
of the ore veins (longitudinal) are somewhat low-
er; they exceed the vertical ones by a factor of
1.1. The stress distribution in the rock mass of the
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Vysokoye-2 ore body is of a gravitational-tectonic
nature.

Such a stress distribution is characteristic of
the deep levels of many vein deposits [20].

The predicted values of the initial stresses for
the mass of the lower levels (depth 700-950 m)
are subject to approximation using the following
calculation formulae:

o,=-YH;
o,=-1.1 X yH;
o,=-19 x yH,

where: o, — vertical stresses, MPa; o, — longitudinal
stresses, MPa; g, — transverse stresses, MPa; y —
bulk density of rocks, MN/m?3; H — measurement
depth, m.

The above dependencies are proposed for use
as boundary conditions in engineering calculations
of induced stresses in the structural elements of
mining systems for conducting mining operations
under conditions of the thawed rock mass at the
lower levels of the Vysokoye-2 ore body at depths
of up to 900-950 m from the earth’s surface.

The corresponding predicted values of the ini-
tial stresses for the lower levels are presented in
Table 2.

Extrapolation of the results of in situ measure-
ments performed in 2025 at a depth of 620-730 mis
permissible for a range of no more than 200-250 m
for geomechanical calculations. Thus, the maxi-
mum depth to which extrapolation of the data is
justified is 900-950 m from the earth’s surface; it
is recommended to repeat the measurement cycle
of the initial stresses of the rock mass in order to
ensure timely prevention of negative rock pressure
manifestations in both dynamic and static forms.

To assess the stress-strain state of the struc-
tural elements of the mining system employed at
the mine, the FEM software package was used.
The processing of the calculation data with its help
made it possible to determine the key patterns of
rock pressure distribution, in particular in pillars,
working sidewalls, and stopes of the undermined
mass. In addition, based on the modelling, an as-
sessment of the stability of the structural elements
of the mining system was performed.

Graphical results of the modelling of the
stress-strain behavior for single horizontal and
inclined workings (crosscuts, inclined-transport
decline) located outside the zone of influence of
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Table 2. Predicted values of initial stresses of the lower horizons of the Vysokoye-2 ore body
Tabnuua 2. MporHo3Hble 3Ha4YeHUSA NepBOHa4YaNbHbIX HANPSX)KeHUN HUKHUX TOPU3OHTOB

pyaHoro Tena Bbicokoe-2

Senth of min Stress value, MPa

ept of mining vertical horizontal

operations, m

o, o, Oy

700 -19.6 -21.6 -31.4
800 224 -24.6 -35.8
900 -25.2 -27.7 -40.3
950 -26.6 -29.3 -42.6

Note. o, 0, o,— vertical, longitudinal and transverse stresses, respectively, MPa.

stoping operations are presented in Fig. 1. Analysis
of the data showed that compressive stresses pre-
dominate in these workings. The highest stress
values were noted in the roof and in the corner
sections of the roof, while the lowest were in the
sidewalls of the workings.

At depths of 700950 m, the stresses in the side-
walls of single workings amount to -10...-13 MPa.
This stress level is significantly lower than the per-
missible values: 76 MPa — according to the crite-
rion of dynamic rock pressure manifestations, and
21 MPa — according to the criterion of static forms
of manifestations. Consequently, the sidewalls of
the workings are characterized as non-rockburst-
hazardous and stable. The stresses in the roof and
roof corners at these depths reach -59...-80 MPa,
which is practically less than the permissible
stresses for dynamic manifestations (down to

depths of 900 m, above which they exceed), but
higher than the permissible values for static man-
ifestations of rock pressure. The roof and roof
corners of single horizontal and inclined workings
are unstable, starting from depths of 600 m.

Thus, single horizontal and inclined workings
outside the zone of influence of stoping opera-
tions at depths of 600-900 m are in the area of
static rock pressure manifestation and require
support.

The results of modelling the stress-strain be-
havior in over-drift and under-drift pillars and in
preparatory drifts are presented in Figs 2, 3.

The minimum stress values were recorded in the
sidewalls of the ore drifts. At depths of 700-950 m,
their magnitude varies in the range from -28 to
-38 MPa. This stress level is below the maximum
permissible value of 76 MPa (taking into account
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Fig. 1. Stresses at the contour of single workings outside the influence zone of stoping operations:
1 — stresses in the walls; 2 — stresses in the roof and roof corners;
3 — stresses permissible for rock pressure manifestations in dynamic forms;
4 — stresses permissible for rock pressure manifestations in static forms
Puc. 1. HanpsixeHust Ha KOHMype 0OUHOYHbIX 8bIPab0oMOK 8He 30HbI 8JIUSIHUSI O4UCMHbIX pabom:
1 — HarnpsiKeHUs1 8 CMeHKax; 2 — HarpsiKeHUs 8 Kpoersie U yenax Kpoesu;
3 — HanpsixeHus, dorycmuMble 10 Mposi8rIeHUsIM 20pHO20 0asneHuUs1 8 OUHaMUYeCcKux chopmax;
4 — HanpskeHus1, 0onycmuMble Mo MpPOosI8IeHUsIM 20PHO20 0asrieHuUs 8 Cmamu4YecKux ¢hopmax
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Fig. 2. Stresses at the ore drift contour:
1 — stresses in the walls; 2 — stresses in the roof and roof corners;
3 — stresses permissible for rock pressure manifestations in static forms;
4 — stresses permissible for rock pressure manifestations in dynamic forms
Puc. 2. HanpsikeHusi Ha KOHmMype pyOHbIX WMPEKO8:

1 — HanpsiXKeHUs1 8 cCmeHKax; 2 — HarnpsiKeHUs1 8 Kpoerie U yaiax Kpoesnu;
3 — HanpsixkeHus1, dorycmumblie 10 Mposi8reHUsIM 20pHO20 0aesfieHUs1 8 cmamu4Yeckux ¢hopmax;
4 — HarnpsikeHus1, 00nycmuMble Mo Mposi8rIeHUSIM 20pHO20 0asrieHuUs1 8 OUHaMUYeCcKux chopmax
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Fig. 3. Stresses in protective over-drift and under-drift pillars:
1 — stresses in under-drift and over-drift pillars;
2 — stresses permissible for rock pressure manifestations in static forms;
3 — stresses permissible for rock pressure manifestations in dynamic forms
Puc. 3. HanpsikeHust 8 npedoxpaHumesibHbIX HaOWMPeKo8oM U MOOWMpPEKO8OM UesluKax:
1 — HanpskeHUs1 8 MOOWMPEKO8OM U Ha0WMpPEKO8OM UeruKax;
2 — HanpsikeHusi, 00nycmumble o nposieieHUsIM 20pHO20 0as/ieHUs1 8 cmamu4yeckux ¢hopmax;
3 — HanpsixeHus, 0orycmumbie 1o Nposi8eHUsIM 20pHO20 0aesrieHus1 8 QUHaMUYecKux ¢ghopmax

possible dynamic rock pressure manifestations),
but exceeds the normative value of 21 MPa es-
tablished for long-term service workings under
static forms of rock pressure manifestation. At the
same time, the stresses in the roof of the ore drifts
are quite high and exceed the permissible values
for both static and dynamic manifestations at all
analyzed depths (see Fig. 2). The sides and roof
of the ore drifts at great depths require support.
Obviously, during the extraction of a block, the

WWW.Nznj.ru

high stresses in the protective pillars of the ore
drift should be compensated by intra-block pillars
and protective pillars of the raise. However, during
the process of extracting most of the pillars in the
block, the destruction of the protective pillars of the
ore drifts is quite likely, including in dynamic forms.
It is recommended to develop technical measures
for strengthening or reducing stress concentration
in the protective pillars of the self-propelled ore
drifts.



http://A.Yu
www.nznj.ru

| Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) £+

2026;49(?):7-? |

The stress results in the roof of the stope prior
to the extraction of intra-block pillars are presented
in Fig. 4.

The stresses in the roof of the stope are low-
er than the permissible stresses for rock pres-
sure manifestations in both static and dynamic
forms. In the roof of the stopes at the time of
formation of all intra-block pillars, the stresses,
being compressive in nature, are small in mag-
nitude. The roof of the stopes at the time of their
formation (with a span of 3 m) is stable when
supported with props.

During the visual inspection of the mine work-
ings, manifestations of static rock pressure were
recorded at the underlying levels — in the zone of
thawed, moderately stable and unstable rocks.
This is expressed in spalling of rocks along natural
fractures. This phenomenon is observed in cases
where there is no support or where it does not
correspond to the mining-geological conditions,
as well as when the permissible stress values at
the working contour are exceeded.

The visual inspection showed that the stability
condition of rock mass exposures during the driv-
ing of mine workings and the conduct of stoping
operations in the blocks is consistent with the con-
clusions of the conducted studies of the geome-
chanical behavior of the rocks of the Vysokoye-2
ore body.

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

Conclusion

The results of the studies on the geomechan-
ical behavior of the rock mass of the Vysokoye-2
ore body allow the following conclusions to be
drawn.

Within the framework of the chamber-and-pil-
lar mining system with support and localization
of the mined-out area (applied in the extraction
of the Vysokoye-2 vein at the Kindikansky area),
the greatest hazard in terms of dynamic rock pres-
sure manifestations is posed by the temporary
protective (safety) pillars of the block raises and
ore drifts. According to the mining development
plans, such pillars are left in place for a period of
at least three years.

At the time of formation of all intra-block pillars
and protective pillars of the raise, the pillars are
under conditions of static rock pressure manifes-
tation. The roof of the stopes at the time of their
formation (with a pillar spacing of 3 m) requires
support (due to fracturing) and is not prone to dy-
namic collapse. During the extraction of pillars,
when the roof span reaches 12—14 m, dynamic
rock pressure manifestations may occur in the re-
maining pillars, while collapses in the roof of the
mined-out area between them may occur under
the action of high tensile stresses.

The minimum calculated depth for dynamic
rock pressure manifestations, without taking into
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Fig. 4. Stresses in the roof of stoping chambers before the removal of intra-block pillars:
1 — stresses in pillars;
2 — stresses permissible for rock pressure manifestations in static forms;
3 — stresses permissible for rock pressure manifestations in dynamic forms
Puc. 4. HanpsixeHusi @ KpoeJsie o4UCMHbIX Kamep A0 rmo2aweHusi 8HympubII0Ko8bIX UeJIUKO8:
1 — HanpsikeHus 8 yesnukax,
2 — HanpspkeHus1, OornycmuMble o NPosI8NIeHUsIM 20pHO020 OasrieHUsl 8 CmMamu4yeckux ghopmax;
3 — HanpsikeHus1, BorycmumMble o NPOsI8IEHUSIM 20PHO20 0asrieHUs1 8 OUHaMUYECKUX ¢hopmax
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account temporary pillars, will be 900 m, provid-
ed that localization — i.e., timely extraction of the
mined-out area during the removal of intra-block
pillars — is carried out.

The nature of rock pressure manifestations at
depths beyond the calculated critical values di-
rectly depends on the physical and mechanical
properties of the rocks.

In rocks with high stability, significant elastic
and strength parameters, and a predisposition to
brittle failure under load, the development of dy-
namic forms of rock pressure cannot be excluded.

Conversely, in unstable and moderately stable
rocks, as well as in those that do not exhibit a pro-
pensity for brittle failure, rock pressure manifests
in static form and does not pose a risk of rock
bursts, including at depths exceeding the calcu-
lated critical level.

Based on the results of the geomechanical
study of the rock mass of the Vysokoye-2 ore
body, the design parameters of the applied mining
system were determined and issued, allowing

| 2026;49(?):7-?

mining operations to be conducted safely with
lower costs.

The mine field of the Vysokoye-2 ore body is
characterized by a complex geomechanical setting.
This necessitates regular and continuous monitor-
ing by the mining supervisory service. The control
should cover both the current state of the rock
mass and the compliance of mining operations
with the design solutions at the underlying levels,
with mandatory consideration of the previously
formulated recommendations.

For the timely identification of zones of in-
creased rock pressure and the development of
measures for the safe conduct of mining opera-
tions in the area of adverse influence within the
boundaries of these zones, it is necessary to con-
duct geomechanical monitoring. When opening up
lower, deeper levels and expanding the flanks of
existing horizons, it is necessary to continue the
study of the rock mass behavior by a specialized
organization, especially when introducing new ge-
otechnology parameters.
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