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Abstract:Insufficient attention is currently paid to experimental studies aimed to assess the rock strength. Therefore, the objective
of this paper is to study the changes in rock properties in the main fracture zone under compression and stretching conditions.
The research paper reviews methods to assess fracture activity in mine workings prone to rock bursts. The possibility of detecting
near-fracture changes in the rock mass of the mine workings has been determined using acoustic and electromagnetic emission
detection devices (equipment) currently available on the market. Work has been carried out to determine acoustic emission (AE)
and electromagnetic radiation (EMR) parameters during uniaxial and triaxial loading of rock samples.
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Pe3rome: B HacTosIIIee BpeMsI HEIOCTATOUHOE BHUMAHUE Y/ eJIsIeTCs 9KCIIepUMeHTaIbHBIM UCCIIeI0OBAaHUSIM, HAlIPaBJIeHHbIM Ha
OIIEHKY MIPOYHOCTH FOPHBIX MTOPOZ. [[09TOMY 1LIeJIbIO NAaHHOM pabOoTHl ABJIAETCS U3yUeHHe U3MEHEeHUs XapaKTePUCTUK TOPHOI
IIOPOJBI B 30HE MAruCTpaabHOU TPEITUHbI pa3pyIIeHUs IIPU ee CKaTUU U PACTSDKeHUHU.

Hayunas crarbs nocsdiiena 0030py METOIOB OIpeie/ieHUs aKTUBHOCTU PA3IOMOB B TOPHBIX YIapOOIIACHBIX BhIpaOoTKax. Ompe-
JleJIeHre BO3MOKHOCTU PErUCTPAIIUU OKOJIOPA3PhIBHBIX H3MEHEHHUHI IPYHTA FOPHBIX BHIPAOOTOK C UCII0Ib30BAHMEM JIOCTYIIHBIX
B HACTOAIlee BpeMs Ha PbIHKe IMpUOOPOB (000pyA0BaHHUS) Ul ONpeeieHIs aKyCTUYECKUX U 3JIEKTPOMArHUTHBIX 3MHUCCHIL.
T[IpoBemeHs! paboTHI II0 OIIpeieIeHUIO ITApAaMEeTPOB aKyCTUUeCKOH (AJ) 1 ajieKTpoMarauTHo (IMU) sMUCCHUIT IIPU OAHOOCHOM U
00'bEMHOM HArpy>keHuu 00pasIi0B TOPHBIX IOPOI.

Kniouesble cnosa: onpesiesieHre TOPHBIX YAAPOB, TOPHbIE BHIPAOOTKH, AKYCTUYECKAsl IMUCCHS, 3JIeKTPOMATHUTHAS SMUCCUS
Bnazodapnocmu: PaboTa BHITOIHEHA B paMKax paboudeii mporpaMMhl 1o TeMe "Maydyenue MexanuzMa GopMUpPOBAHUA U 060-
CHOBaHUE KPUTEPUEB IIOTEPH eOMEeXaHNUeCKON CTa0MIbHOCTH NP MACCOBOI H0ObIUe MOJIe3HbIX ucKornaeMblx' (kom FMEZ-
2022-0004).

Jna yumuposanus: Potokin A.S., Pak AK. Methods for determining rockburst in mining workings. Russian Mining Industry.
2022;(5):139-143. https://doi.org/10.30686,/1609-9192-2022-5-139-143

Introduction The relevance of studying the parameters of acoustic

Studies on the registration of acoustic emission (AE) and
electromagnetic radiation (EMR) were carried out in order to
assess the stress-strain state of rock samples for the subsequent
prediction of manifestations of rock pressure in a dynamic
form. Analysis of EMR and AE signals on rock samples and in
mine workings showed good agreement between the obtained
data. The possibility of using EMR and AE to control the stress-
strain state of sections of a rock mass and predict damage in a
dynamic form in real time is determined.

and electromagnetic radiation is due to the need for mining
enterprises to have an operational (express) method for
assessing changes in the stress-strain state of rock masses
and predicting their shock hazard. Interest in the method of
estimating AE parameters in Russia arose in the late 1960s
and early 1970s. It was then that the understanding came that
this method could become a powerful tool for studying and
controlling the processes of formation and development of
defects in solids. The second stage in the development of the AE
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method took place in the early and mid-1990s, when scientific
studies of AE began to be applied in the practice of industrial
non-destructive testing. Interest in the method of estimating
EMR parameters as an indicator of rock destruction increased
in the 1970s in connection with the problem of earthquake
prediction. At an early stage of the practical use of the method
at the Tomsk Polytechnic Institute under the guidance of
Professor A.A. Vorobyov in laboratory conditions, EMR was
recorded during mechanical action on dielectric materials
[1]. Subsequently, the EMR method was studied both in
Russia and abroad in the deformation of various materials,
including alkali-halide crystals, metals and alloys, single
crystals, rocks, and ice. The most interesting results were
obtained during laboratory and field studies at the Institute
of Physics of the Earth. O.Yu. Schmidt of the Russian Academy
of Sciences (G.A. Sobolev, A.V. Ponomarev, M.B. Gokhberg),
at the Tomsk Polytechnic University (A.A. Vorobyov, R.M.
Gold, Sh.R. Mastov, Yu.P. Malyshkov , L.V. Yavorovich, A.A.
Bespalko, V.N. Salomatin, V.N. Salnikov), at the Institute of
Mining of the Siberian Branch of the Russian Academy of
Sciences (M.V. Kurlenya, V.N. Oparin, G.E. Yakovitskaya, G.I.
Kulakov, A.G. Vostretsov), at the Research Institute of Mining
Geomechanics and Mine Surveying "VNIMI" (V.. Frid, A.P.
Skakun, V.M. Proskuryakov, A.P. Shabarov, S. F. Panin, S.N.
Mulev) [2-8]. Similar studies were also carried out abroad —
in Georgia, Armenia, Kazakhstan, Uzbekistan, Ukraine and
Kyrgyzstan, the USA, Canada, Japan, China, India, Israel and
other countries [9-11]. From numerous laboratory studies,
it was found that EMR is associated with the development
of micro-cracking processes and occurs in the process of
destruction of materials. This feature of EMR is manifested
both at the level of laboratory tests and for large-scale studies,
including man-made and natural earthquakes.

Determination of acoustic emission
and electromagnetic radiation parameters

The first studies on rock burst prediction using AE and EMR
methods at the Mining Institute of the KSC RAS (Apatity) were
carried out in 1989. As part of the research work, a methodology
was developed for local assessment of the rockburst hazard
of rocks and ores in mine workings in terms of AE and EMR
parameters, methods were developed for assessing the control
and condition of hazardous areas of the massif using seismic
tomography methods that are adapted to the conditions and
tasks of apatite mines. The some results of the research are
published in scientific articles [12-14]. In 2017, at the Mining
Institute of the KSC RAS, studies were carried out to test a
prototype of the ANGEL-M device (developed by VNIMI) to
assess the level of geodynamic hazard of the “Oleniy Ruchey”
deposit, which is dangerous in terms of rock bursts. According
to the results of EMR measurements in mine workings, it was
possible to identify a trend of insignificant changes in the
EMR level in areas with visual intense manifestations of rock
pressure. For the period from 2019 to present At the Mining
Institute of the KSC RAS, work is underway to determine the
parameters of AE and EMR under uniaxial and volumetric
loading of rock samples [15; 16]. Studies on the registration
of AE and EMR were carried out in order to assess the stress-
strain state of rock samples for the subsequent prediction
of manifestations of rock pressure in a dynamic form. The
research was carried out in two stages. At the first stage,
AE and EMR were registered on rock samples in laboratory
conditions. At the second stage, studies were carried out in
natural conditions of mine workings.
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a)

b)
Fig. 1 Puc. 1
(a) Acoustic emission complex (a) AKyCTMKO-3MUCCUOHHbIW
A-Line DDM-1 komnnekc A-Line DDM-1u

(b) komnnekc ANGEL-M gns
perucTpauum
3M1eKTPOMarHUTHOM 3MUCCUU
(paspaboTka BHUMMW)

(b) ANGEL-M device for EMR
registration (developed by VNIMI)

Laboratory studies were carried out on rock core samples
taken from the deposits of the Kola region (Kovdorskoe,
Olenegorskoe, Zaimandrovsky iron ore district, Khibiny
massif, Lovozero, Zapolyarny). Samples of urtites, ijolites,
pegmatites, staffelites, carbonatites, fenites, pyroxenites,
lavochorites, as well as artificial materials — concrete samples
were subjected to volumetric and uniaxial destruction.
Uniaxial and volumetric compression tests were carried
out using a hydraulic press MTS-816 Rock Test System. The
ultimate load of rock destruction under uniaxial compression
ranged from 125 kN (for carbonatite samples) to 920 kN (for
pyroxenite samples). Under volume compression, the ultimate
fracture load ranged from 540 kN to 1000 kN (for lavochorrite
samples) at a lateral pressure of 10, 20, 30 kN. The size and
weight of the samples under uniaxial compression averaged
—h =120 mmd = 60 mm up to 1000 gr. For volume destruction
h =100 mm d = 47 mm, weight up to 500 gr. Registration of AE
signals was carried out using a multichannel modular acoustic
emission complex with distributed acquisition and digital data
transmission A-Line DDM-1 (6 channels). Acoustic emission
transducers PK 30-300 kHz and GT 50-250 kHz were used to
register AE. To calibrate the acoustic emission transducers, we
used an elastic wave excitation simulator that creates acoustic
emission signals in the controlled object. During registration of
AE parameters under uniaxial loading of samples at a constant



rate of 0.2 kN/s, the possibility of predicting their destruction
in real time based on the results of recorded acoustic emission
events was revealed. It has been established that for especially
strong rocks prone to dynamic destruction (tensile strength of
about 200 MPa), at the time of loading, at least three times there
are zones of high activity of acoustic events lasting from 2 to
5 minutes with an amplitude of up to 94 dB and the number of
events up to 3000 per second. Also, at the time of the burst of
activity of acoustic signals, a high activity of electromagnetic
radiation was recorded (Fig. 2)

a) b)

Fig. 2 Puc. 2

(a) AE and EMR signals recorded
during uniaxial compression of
an urtite sample

(b) manifestation of dynamic
fractures in the sample at a load
of 538 kN

(a) CurHanel A3 n MU,
3aperucTpupoBaHHble BO
BpeMsi O4HOOCHOI O CXXaTusl
obpasua ypturta

(b) pa3sBuTHME AMHAMUYECKUX
paspyLueHuii B obpasue npu
Harpyske 538 kH
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pressure. The levels of AE signals in such places amounted to
the maximum values on sensor 1 (green) — 100 dB, on sensor
2 -90.5 dB 89.7 dB. (red). In the places of development without
dynamic manifestation of rock pressure, the recorded levels of
AE signals reached lower values — 77.4 dB and 65.8 dB.

In order to identify the possibility of determining zones of
increased in mine workings, laboratory studies were carried
out to create a model for linear and volumetric locations of
AE events in rock samples. Using a Su-Nielsen source and
excitation simulator that creates acoustic emission signals to
simulate the propagation of a sound wave on the surface of a
rectangular rock sample 500x250x200 mm in size (Fig. 4a), it
was possible to locate the simulated acoustic signal with an
accuracy of 1 mm.

A 3D model of the sample was also created to determine
the volumetric location of AE signals (Fig. 4b). The ongoing
research is aimed at developing a methodology for determining
AE sources both in the near-contour part of the mine working
and in the depths of the rock mass.

To register AE signals in natural conditions, a portable
two-channel non-destructive testing device “UNISCOP” was
used. Registration was carried out in areas of the massif with
pronounced dynamic manifestations of rock pressure and in
areas without such manifestations (Fig. 3).

Fig. 4

Studies to determine the linear
and volumetric location of AE
signals on a rock sample using
elastic wave excitation simulator

Puc. 4

WUccnepoBaHusa no
ornpeaeneHunto IMHENHOMN N
06beMHOI /IoKaLuum cUrHanos
A3 Ha obpasLe ropHoi

a)

Fig. 3

Registration of AE signals in the
mine workings of Zapolyarny,
mine “Severny”

(a) AE in the area with visible
signs of dynamic manifestation of
rock pressure;

(b) AE in the area without
dynamic manifestation of rock
pressure

b)

Puc. 3

Peructpaums curHanos AD B
ropHbIX BbipaboTkax

r. 3anonspHbIA, PYAHUK
"CeBepHbIi"

(a) AD B 30He ¢ BUAMMbIMKN
npuU3HaKaMy AUHaMUYECKOro
NPOSABNEHUSA FOPHOro
AaBeHus;

(b) A3 B 30He Ge3
AVMHaAMUYeCKOro NposiBfeHns
ropHoro gaBneHus

The graphs presented in Figure 3 show an increased activity
of AE signals in places of dynamic manifestation of rock

nopopabl € UICMONb30BaHNEM
MoAenupyoLLero ycTponcrea
AN BO36YXAEHUS yNpyrux
BOMH

Registration of EMR signals during loading of rock samples
in laboratory and natural conditions was carried out using
the ANGEL-M complex (VNIMI), designed to evaluate the
parameters of non-stationary geophysical fields associated
with the destruction of rocks. The complex allows real-time
search and current control of the stress-strain state of a rock
mass that is dangerous in terms of rock bursts.

In the mine workings of the city of Zapolyarny (the “Severny”
mine) and the city of Norilsk (the “Skalisty” mine), AE and EMR
were registered. The analysis and comparison of data obtained
during the destruction of rock samples in laboratory conditions
with data obtained in natural conditions was carried out. The
analysis showed that there is a direct correlation between the
EMR signals obtained on rock samples and in mine workings
(Fig. 5).

To estimate the parameters of non-stationary geophysical
fields associated with the destruction of rocks in mine workings
and the subsequent prediction of shock hazard from the EMR
signal, the software for the ANGEL-M device (developed by
VNIMI) was used (Fig. 6). The results of the analysis of EMR
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b)

Fig. 7 Puc. 7

The result of the rockburst Pe3ynbTaT oLeHKu onacHocTU

hazard assessment based on the BO3HUKHOBEHUS FOPHbIX

EMR signal in the mine working yAapoB Ha OCHOBEe cUrHana

in Norilsk, the Skalisty mine. 3MMW Ha pyaHuke

NOT DANGEROUS "Ckanuctbiin", r. Hopunbck.

HE OMACHO

signals and the prediction of rockburst hazard in the studied
Fig. 5 Puc. 5 objects (mine working in Norilsk, mine “Skalisty”) of mining
Spectrograms of EMR signals: CneKkTporpamMmbl CUrHanoB

(a) In the event of the destruction 3MM: (a) npu paspyLueHnmn workmgs are shown in the Figure 7.

of a rock sample (jolite) (b) In the o6pa3sua nopoabl (MONNUT)

development of the city of (b) Npu NpoxoaKe Ha pyAHUKe Conclusion

Norilsk, mine “Skalisty” "Ckanuctelit", r. Hopunsck Registration of EMR signals on rock samples and in mine
workings showed good agreement between the obtained
data. The possibility of using EMR to control the stress-strain
state of sections of a rock mass and predict destruction in a
dynamic form in real time without the need to install additional
equipment makes this method the most promising of all
methods for instrumental assessment of rock burst.

The obtained resultsindicate that the development of methods
for assessing the rock burst hazard based on the registration
of AE and EMR signals can be a subject for further scientific
research in order to develop measures for the prediction and
prevention of rock bursts during the development of mineral

Fig. 6 Puc. 6 deposits.
Table from the software for Ta6nuua, nony4YeHHas c
evaluating the parameters of UCNosib30BaHUEM NPOrpamMMHoOro
EMR signals to determine the obecnevyeHns Ana OLueHKn
impact hazard category napameTpoB curHanos 3MU ana
(VNIMI) onpeaeneHus Kateropum
OMNacHOCTU BO3enCcTBUA
(BHUMWN)
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Hudopmayus 06 asmopax

INToToxkun Anexkcanap CepreeBudy — Hay4YHBII COTPYAHUK [op-
HOTO MHCTUTYTA — 000c06sIeHHOTO ToapasneeHus Kombekoro
Hay4yHOrO IteHTpa Poccuiickoit akagemuu Hayk (I1 KHIT PAH);
r. Amatutsl, Poccuiickas Penepanus; e-mail: a.potokin@ksc.ru
INak Anekcanzap KiuMmeHTheBUY — HAYUHBIN COTPYAHUK [op-
HOTO MHCTUTYTA — 000c06JIeHHOTO TonpasneeHus Kombekoro
HAy4YHOTO 1leHTpa Poccuiickoii akagemuu HayK ([ KHIT PAH);
r. Amatutsl, Poccuiickas ®eneparus

Hudopmayus o cmamve

[Noctrynuna B pegaxuuio: 03.09.2022
[Mocrymua nocste penensupoBanust: 26.09.2022
[punara K nyoaukanuu: 26.09.2022
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