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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. The article presents the results of ensuring the stability of the slopes
of the quarry, which is solved using the developed methodology for mapping
stability, which takes into account and analyzes all natural and technological factors
based on GIS. The work uses an integrated approach, including: engineering
and geological rock formations with mapping of disturbed areas, instrumental
surveying observations using modern instruments. Implementation of the developed
methodology for creating stability maps of quarry sides in production at the Aktogay
copper ore quarry. As a result of the research, they have been developed, studied
and implemented: — methods and means of monitoring the condition of the sides
of the quarry in the Republic of Kazakhstan, — a methodology for monitoring
instrument arrays, taking into account all natural and man-made factors; — the
technique of geoinformation mapping of slope stability based on geomonitoring
data; — the composition of a strengthening solution from mining waste to increase
the stability of disturbed sections of ledges. The novelty of the developed solutions
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AnHoTauus. Makamaga rteoakmaparTelk ([AXK) TexHomormsutap HerisiHze
0apIbIK TAOUFH JKOHE TEXHOJIOTHSUIBIK (haKTOPIAP/Ibl HKAH-)KAKTI €CEIKe ay MEH
Tangayasl KO3IEHTIH TYPaKTBUIBIKTEI KapTara TYCIpYIiH 93ipJeHTeH 9IicTeMecCiH
KOJITaHY apKBUIBI IICTTICTIH Kaphep OCTKEHICPiHIH TYPAKTHUIBIFEIH KaMTaMachl3
€Ty HOTIKENepi KenTipinreH. 3epTrey omicteMeci. JKyMbIcTa MHTETpaIvsIaHFaH
TOCUT KOJITAHBLIA BT, OHBIH iMTH/Ie: OV3BIIFaH aliMaKTap bl KapTara TYCipe OTHIPHITI,
Tay JKbIHBICTAPBIHBIH MAacCACBHIHBIH KYPBUIBIM/IBIK-TEKTOHUKAIBIK KYPBUTBIMBIH
WHKEHEPIIK-TCOJOTUSIIBIK ~ 3epTTey, 3aMaHayd  achanTapiblH  KeMeTriMeH
acmanTBIK MapKIIeHaepIik OakplIaysap, COHBIMEH KaTap acmamnTap MacCHBIHIH
KEepHEYITi-KepHEeYITi KYWIH MoIeNbaey. 3epTTey HOTIXKeNnepi. | eommHaMHuKaIbIK
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MOHHUTOPHHITIH KEIIeH I KYHECiH JKYprizy omicTeMeci a3ipyeHi. AKTOFail MbIC
KEH OpHBI Kapbep OOPTTAapbIHBIH TYPAKTHUIBIFBI KapTallapblH jKacay/IbIH 931pJICHIeH
omicTeMeciH eHJIpicke eHri3nai. JKYMBICTBIH FRUIBIMU JKaHAIBIFBL. JKypri3iareH
YKYMBICTBIH HOTHIKECIH/Ie MBIHAJIAP 3ePTTEII1, 931pIeH] Il )KoHE OHIIpiCKe SHT131IIi:
— PecryOnukasarbl jkoHE OIaH THICKApHl JKepiepAeri Kapbepiepli OakbLiay
oicTepl MEeH Kypanaapsl; — OapIbIK TaOUFH JKOHE TEXHOJIOTUSIIBIK (pakTopIapabl
KEIIeH/II €CeIKe aTy/Ibl KAMTaMachl3 €TeTiH )KaKblH MaHJIaFbl MACCHBTEP/1i OaKbLIaY
olicTeMeci; — TEOMOHUTOPHHT MOJIMETTepi OOHMBIHIIA Kaphep OeTKeHIepiHiH
OPHBIKTBUIBIFBIH T€0AKIIapaTTHIK KapTara TYCIpy 9/1ici; — Kapbep OeTKehnepiHiy
OPHBIKTBUIBIFBIH aPTTHIPY YIIIH Tay-KeH KOCIMOPBIHIAPBIHBIH KaJbIKTapbIHAH
Oy3blIFaH yyacKeJIepi HbIFalTy epiTiHIICIHIH KypaMbl. O3ipJIeHTeH Ky)KaTTapIblH
xaHanbeiFbel Kazakcran PecrmyOnmMKachlHBIH MAaTeHTI JKOHE FBUIBIMHU IIbIFapMara
OepireH aBTOPIBIK KYKBIK KyaiiriMeH pactananbl. [IpakTHKanbIK KYHIBUIBIFBL.
AcmanTelK ~ MacCHBTEpAiH Kapramapbl Herizinge Kapsep OopTTapbiHBIH
TYpPaKTBUIBIFBIH OaFanaynblH YCBIHBUIFaH omictemeci Oacka Kapbeepnepmeri
OHJIIPICTIK KayincCi3mik JeHreiiH aprtTeipy ymiiH, coHpmaii-ak K.M. Corbaer
areiHarel Ka3ak yITTHIK TEXHUKAJIBIK 3€PTTEY YHUBEPCUTETIHIH MarHCTPaHTTaPhI
MEH JIOKTOPAHTTapBIHBIH O1J1iM Oepy MpOIIeCiH e Tai/laTaHbLTy bl MYMKIH.

Tyiiin ce3aep: KeH OpBIHAAPEI, Kapbepliep, Tay KBIHBICTAPBIHBIH KUEKTEPIHIH
TYPAKTBUIBIFBI, Tay JKBIHBICTAPBIHBIH MOHHTOPHHTI, (DU3UKAIBIK-MEXaHUKAIIBIK
KacHeTTepi, TYPaKTBUIBIK KapTallapbl, MOACIBICY.

© MLB. Hypneucosa', I. Meiipamoek', H.C. /lonenoaeBa’,
E. K. Opmambexos', P.II. Bek!, 2025.
'Kazaxckuii HAIIMOHATBHBINA UCCIICIOBATEIBCKUN TEXHUICCKHN YHUBEPCUTET
nmenn K. M. CarnaeBa, Anmarel, Kazaxcran;
’EBpasuiicKuii HalMOHAIbHBIN yHHBepcuTeT uMenn JI.H. T'ymuiiesa,
Acrana, KazaxcraH.
E-mail: marzhan-nurpeissova@rambler.ru

PABPABOTKA METOJIUKH OLIEHKHW YCTOMYUBOCTH BOPTOB
KAPBEPA ITYTEM CO3JJAHUA KAPT IIPUBOPTOBBIX MACCHUBOB

M.b. HypnemcoBa — JIOKTOp TEXHHYECKHX HayK, mpogeccop Kazaxckoro HaIMOHaIHHOTO
HCCIIEI0BATENILCKOTO TexHUUeckoro yHuBepcureta mMenn K.M. Carmaea, Ammartsl, Kasaxcraw,
E-mail: marzhan-nurpeissova@rambler.ru, https://orcid.org/0000-0002-3956-5442;

E. K. OpmambexoB — nokTopanT Kazaxckoro HaIlfuOHaJIbHOTO UCCIIEA0BATENBCKOIO TEXHUYECKOTO
yauBepcutera umeHn K.M. CarmaeBa, Anmarel, Kazaxcran, E-mail: ye80@mail.ru, https://orcid.
org/0009-0001-2248-7214;

I. Meiipambex — kaHIUIAT TeXH. HayK, mpodeccop Kazaxckoro HamoHaIEHOTO HCCIIEI0BATEIECKOTO
TexHuueckoro yausepcurera umern K.M. CarnaeBa, Anvarer, Kazaxcran, E-mail: g.kyrgizbayeva@
satbayev.university, https://orcid.org/0000-0002-8869-5497;

H.C. onendaeBa — PhD, cr.npenoxaBarens EBpa3uiickoro HallmOHAIEHOTO YHHBEPCUTETA HMEHH
JLH. I'ymunesa, Acrana, Kazaxcran, E-mail: nsdonchik@mail.ru, https://orcid.org/0000-0003-1530-
0746;

168



ISSN 2224-5278 3.2025

P.II. Bek  — wMaructpant, Miaamuil HaydHbll coTpyqHHMK Ka3axckoro HalMOHaIbHOTO
HCCIIEIOBATEIbCKOTO TexHudeckoro yHuBepcutera uMmeHu K.M. CarnmaeBa, Anmarsi, Kasaxcrah,
e-mail: 2030kz@mail.ru, https://orcid.org/0009-0005-7021-5896.

AHHoTanmsa. B crathe mpuBeneHB! pe3yabTaThl 00ECTeUeHHs] YCTOHYUBOCTH
OTKOCOB Kaphepa pemiaercs ¢ MpUMEHEHHeM pa3pabOoTaHHOW METOIMKH
KapTorpaupoBaHus  YCTOMYMBOCTH, MPEAYCMATPUBAIOMICH  KOMIIJICKCHBIN
y49€T M aHaJIM3 BCEX MNPHUPOIHBIX M TEXHOJOTHYECKHX (aKTOPOB Ha OCHOBE
reoupopmannonasix (I'MC) Texnonormit. Meromuka uccnenoBanus. B padore
HCIIOJIB30BAH KOMIUIEKCHBIM MOJXOJ, BKJIFOYAOLINMI: MH)KEHEPHO-I€0JI0TrHYECKOe
M3y4YEHUE CTPYKTYPHO-TEKTOHHYECKOTO CTPOCHUSI MacCHuBa TOPHBIX IOPOJ
¢  kaprorpadgupoBaHWEM  HApPYHNIEHHBIX  YYacTKOB,  WHCTPYMEHTAJbHbBIE
MapKIIeHepckue HaOMIONEHUsI C HCIOJNb30BAaHHNEM COBPEMEHHBIX MPHOOPOB,
a TakKe MOJECIMPOBAHUE  HANPSHKEHHO-IE()OPMUPOBAHHOTO  COCTOSHUS
mpuOOpPTOBOTO MaccuBa. Pesymprarel wnccienoBanusi. Pa3paborana meTonnka
BEJICHUSI KOMIUIEKCHONH CHCTEMBI I€OAMHAMHYECKOIO0 MOHUTOpUHIa. BHenpeHue
pa3pabOTaHHOW METOIWKH CO3JaHHsA KapT yCTOMYMBOCTH OOpTOB Kapbepa B
MPOM3BOJICTBO Ha MENHOPYAHOM Kapbepe Akrorail. Hayunas woBm3Ha. B
pesynerare HUP paspaboTtansl, W3ydeHBl W BHEAPEHBI: — METOIBI M CPEACTBA
MOHUTOPHUHTA COCTOSTHUS OOPTOB Kaphepa B Pecrybmmke Kazaxcran u 3a pyoeskoM;
— METO/MKa MOHUTOPWHTA MPUOOPTOBBIX MACCHBOB C YUETOM BCEX MPUPOAHBIX U
TEXHOTEHHBIX ()aKTOPOB; — METOMKA TeONH(OPMAITTIOHHOTO KapTOTrpahupOBaHHS
YCTOMUYMBOCTH OTKOCOB I10 JIAHHBIM T€OMOHUTOPHHIA; — COCTaB YKPEIUISIFOLIETO
pacTBOpa M3 OTXOJOB TOPHOIO IPOM3BOJACTBA JUISl HOBBIIUCHUS YCTOMYMBOCTH
HapylmIeHHBIX  y4YacTKOB  ycTymoB. HoBW3Ha  pa3paboOTaHHBIX  peHICHUN
MOITBEPK/ICHA NAaTEHTOM U aBTOPCKUM CBUJECTEIIBCTBOM MATEHTHOIO BEJOMCTBA
Pecyonmukm Kazaxcran. Ilpaktmueckas 3HaumMocTh. [IpemioskeHHass METOIHUKA
OIIEHKH yCTOMYMBOCTH OOPTOB Kapbepa Ha OCHOBE KapT MPHUOOPTOBBIX MAaCCHBOB
MOXKET OBITh WCIONB30BaHA /IS TIOBBIMIEHUS YPOBHA IPOW3BOICTBEHHON
Oe30macHOCTH Ha APYTUX Kapbhepax, a Takke B 00pa3oBaTENIbHOM MpoIecce
MarucTpaHTOB M JOKTOPaHTOB Ka3aXxCKOro HAaIlMOHAJbHOTO HCCIEI0BATEIbCKOTO
TexHn4yeckoro yuuBepcuteta nmenu K.M. Carnaesa.

KuroueBble cioBa: pyaHble MECTOPOXKIEHHUS, Kapbep, YCTOWYUBOCTh
KPOMKH TIOPOJIbI, MOHUTOPHUHT, (PU3UKO-MEXaHUYECKUE CBOMCTBA TMOPOJBI, KapThl
YCTOMUYMBOCTH, MOZEIIUPOBAHUE.

Introduction. Mining globally is predominantly conducted through open-pit
methods, which account for 75% of the mineral products extracted from the Earth’s
subsurface, trend that is expected to continue in the future. Among these are the
copper ore deposits of Kazakhstan, such as Aktogay, Bozshakol, and Aidarly, as
well as gold ore deposits like Akbakay, Bakyrchik, Vasilkovsky, and others.

These deposits have estimated service life of over 50 years. As open-pit mining
progresses, there is a continual increase in the depth, volume, and production

169



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

capacity of quarries. Critical requirement for ensuring safety of mining operations
is maintaining stability of quarry walls.

Deformations of quarry slopes can lead to significant material damage to mining
enterprises, disrupting safe and efficient mining operations and resulting in mineral
losses, which become particularly critical in a market economy. As a result, ensuring
stability of quarry slopes is one of the most pressing issues in mining.

Main content. Current stage of mining industry development is marked by
significant geomechanical processes, including changes in the stress state and
deformation of quarry walls. These processes introduce uncertainty during deposit
development and can lead to serious technological, environmental, and economic
consequences, sometimes resulting in catastrophic technical failures, financial
losses, and even human casualties (Rockburst, 2005; John, 2012; Melnikov, 2010;
Trubetskoy, 2020; Oparin, 2013).

In this context, priority research areas in the field of industrial safety include:
development of methodologies for studying and forecasting geomechanical
processes; implementation of innovative geomonitoring techniques; and
establishment of scientific foundations and practical approaches for managing
geomechanical processes during subsoil development. Significant contributions to
development of field geomechanical research methodologies have been made by
scientists from the Moscow, Leningrad, and Kazakhstan schools of geomechanics
(Pevzner, et al., 2005; Fisenko, 1975; Kozyrev, et al., 2006 Mashanov, et al., 1981;
Popov, et al.,1986; Nizametdinov, 2014).

Despite the progress made, challenge of studying geomechanical processes and
ensuring industrial safety remains unresolved. Modern research on geomechanical
processes has gained new momentum with the widespread adoption of the
hierarchical structure concept for the fracture-block composition of rocks at various
scales (Nurpeissova, et al., 2015). This approach is closely linked to variability of
tectonic disturbance parameters as mining operations reach greater depths.

Methods and scope of research. The work used a complex method, including
engineering-geological study of the structural-tectonic structure of the rock mass
with mapping of disturbed areas, instrumental surveying observations using
modern instruments and assessment of changes in the stress-strain state of the rock
mass by creating zoning maps of the edge massifs. In world practice, to solve this
problem, a variety of specialized programs are widely used, based on the use of
numerical solution methods borrowed from the mechanics of solid deformable
bodies, for example, the finite element method (FEM) and the boundary element
method (BEM).

Application of innovative geomechanical data recording techniques, along with
modern software tools for processing this data, enables creation of detailed models
of the stress-strain state of the massif.

The object of the study is the Aktogay copper ore deposit, located in the Abay
region of the Republic of Kazakhstan. The ore development project is part of the
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state program for industrial and innovative development and the KAZ Minerals
group.

Results. The Aktogay deposit is an ore stockwork, which is a semi-closed thick-
walled ellipse with a barren core, elongated in the submeridional direction by 2500
m with a width of 50-830 m. Mineralization pinches out at a depth of over 800 m

(Figure 1).

Legend: 1 — sandstones with interlayers of tuffs and dacites of the Koldar suite; 2 — tuffs of dacites
and andesidacites of the Keregetas suite; 3 — hornfels and hornfelsed porphyrites and tuffs of the
Keregetas suite; 4 — stock- and dike-shaped bodies of andesidacite porphyrites; 5-8 rocks of the

Koldar intrusion: 5 — granodiorite porphyries, 6 — porphyritic granites and granodiorites with
aplite groundmass, 7 — uniformly crystalline granodiorites, 8 — diorites, gabbro-diorites; 9 —
breccia bodies on tourmalinized cement; 10 — quartz bodies; 11 — tectonic contacts, intrusive and
unconformable; 12 — boundaries of ore bodies and dispersed ore mineralization
Fig. 1 - Geological structure of the Aktogay field (Copper, 2014)
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The shape of the ore stockwork and the depth of the ores predetermined the
development of the deposit by open-pit mining to a depth of 585 m. In the process
of developing the open-pit mining method, an increase in the depth, volume and
production capacity of quarries has been observed. A prerequisite for safe mining
operations in quarries is to ensure the stability of the quarry sides.

Given the objectives and functions of managing stability of rock massifs
-particularly quarry slopes - during development of mineral deposits with diverse
and variable geological structures, it is essential to continuously conduct research
to obtain reliable information on structural characteristics of rock massif, its
strength properties, hydrogeological conditions, and other factors. Such research
should be carried out at all stages of quarry slope development (including quarry
construction, capacity design, initiation of permanent quarry slope design at the
marginal contour, and quarry refinement) as part of integrated system.

Validity of previously made technological decisions regarding quarry slope
parameters is assessed through geotechnical monitoring of quarry slope condition.
Therefore, it must be integrated into a unified system of observations and research.

Instrumental mine surveying and geodetic observations are primary methods for
obtaining information on deformations of quarry and dump slopes, providing the
most reliable basis for predicting their stability (Fig. 2).

Geological and surveying support for quarry slope stability

:

Geomechanical monitoring is a complex observation system operating at all stages of the
formation of quarry slopes and the state of the rock mass.

Mine surveying and geodetic Study of the geology Study of strength properties and
observations coctosinust and tectonics of the structural features mopox

' | '

Database of geological and mine surveying information (DB MGI)
Information about deposit and development technology. Massif characteristics: textural and
structural features of geological, hydrogeological and engineering-geological and physical-
mechanical properties of rocks. Zones of tectonic and fracture disturbance of massif

.

Creating quarry wall stability maps using GIS technology

I

Development of Anti-Deformation Measures
Decision-Making in Managing Geomechanical Processes

Fig. 2 - Methods of observing stability of quarry sides
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Currently, open-pit mining of mineral deposits is marked by integration of new
technological advancements in mineral extraction, which leads to intensification
of mining operations. In this context, reliable implementation of geomechanical
monitoring using modern high-precision geodetic equipment and software tools
plays a critical role. To achieve this objective, the following tasks are planned:

1. Conduct study of mining and geological conditions at sites, identify the main
factors influencing slope stability.

2. Create comprehensive methodology for monitoring state of quarry slopes
using modern technologies (sensors, geophysical methods, etc.).

3. Develop mathematical models for assessing slope stability considering
various mining and geological conditions and influencing factors.

Analysis of methods for instrumental observation of quarry slope conditions
reveals need for further enhancement through use of modern geodetic technologies,
including laser scanning, electronic tacheometry, photogrammetry, global satellite
systems, advanced information technologies, and radar interferometry.

Discussion. The widespread adoption of electronic tacheometers and satellite
GPS devices (Fig. 3) in mine surveying and geodetic work offers a unique
opportunity to rapidly and accurately determine rock mass displacement parameters.
This technology also enables regular, continuous monitoring of changes in these
parameters over time (Aitkazinova, et al., 2020).

x

Fig.3 - GPS observations at the quarry

Among modern methods of mine surveying observations, laser scanning
has become widely adopted, with two key types: terrestrial laser scanning and
airborne scanning. Laser scanning enables creation of digital model of surrounding
environment, represented as collection of points with spatial coordinates. For
deformation monitoring, use of architectural scanner such as the Leica HDS3000,
which offers a scanning accuracy of 6 mm, is recommended. To study structure, the
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Leica HDS4400 mining scanner, known for its high performance and specialized
software for analyzing bedding elements, is preferred. To enhance observation
efficiency, GPS systems and 3D scanners can be used in combination (Nurpeissova,
etal., 2023).

In addition to laser scanning at the Vostochny quarry, survey was conducted
using MATRICE 300 RTK UAYV, which is built on advanced hardware and software
platform and equipped with a wide range of Al-powered functions. Survey results
were used to create 3D model of the Vostochny quarry, which will be utilized for
designing observation station (Fig. 4).

Fig. 4- Landslides on the Eastern (a) and Southern (b) Slopes of the Aktogay Quarry

In parallel with instrumental observations, calculations are performed to create
a three-dimensional model of quarry, assess stability, draw horizons, and develop a
situational plan. Quarry stability map is generated using the ‘Bort’ software package,
which supports 3D object modeling and allows for graphical representation of
interpolation results (Author, 2025).

To calculate slopes stability , fan of sections with constant rotational angle
relative to each other is used, ensuring uniform representation across entire quarry.
Sections are marked across slope extension wherever possible. Sections selected
for calculation in the ‘Bort’ software package are shown in Fig. 5.

For each section, azimuth of the section’s direction relative to quarry floor and
the overall slope angle in corresponding section are indicated as a fraction. These
sections were then sequentially loaded into the software package for processing.
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Fig.5 - Calculated sections for constructing a stability map

During calculations, results from studies on physical and mechanical properties
(PMP) of rocks and ore from the Aktogay quarry, presented in Tables 1 and 2, were
used, accounting for structural weakening of massif (Amanzholuly, et al., 2024;
Rysbekov, et al., 2022).

Table 1 — Calculation parameters for assessing the stability of the quarry side

Density y | Angle of | Adhesion | Adhesion on | Structural Adhesion

Types of 10-3, kgf/ | internal in the weakening | weakening in the array
rocks and ores m? friction ¢, | sample | surfacesk’, | coefficient C  keflom?

degree | C, MPa tf/m? A w KETCM
Massive limestones 2,81 36° 16 7 0,0409 7,209
Porphyrites 2,78 37° 22 7 0,0276 6,757
Ore 4,73 37° 22 7 0,0276 6,757
We1ght§d average 3.44 36.7° 6.91
calculation parameters

For each section, the calculation results were displayed in graphical and text
form. The final information on the calculated sections is summarized in Table 2.

Table 2 — Summary of calculation of quarry wall section stability

Position of the G.ene?al apgle Line.: (.)f displacement with .. .
Ne . of inclination of minimum safety factor Minimum coefficient
calcul_ated section |y quarry side in | from the to the of stability margin
and its azimuth ? . .
section mountains, m | mountains, m
1 N; 0° 18,4° +70 +131 1,686
2 NE; 22,5° 16,9° +42 + 145 2,179
3 NE; 45° 17,3° +70 + 88 1,940
4 NE; 67,5° 13,9° +71 +87 2,353
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5 E; 90° 16,0° + 59 +116 1,501
6 SE;1 12,5° 17,3° +59 +115 1,247
7 SE; 135° 14,9° + 59 +170 2,050
8 SE;157,5° 15,6° +57 + 105 1,433
9 S; 180° 15,4° +58 + 90 2,166
10 SE; 202,5° 15,9° + 100 +162 1,891
11 SE; 225° 15,9° + 85 + 150 2,431
12 SE; 247,5° 16,4° +70 + 100 2,032
13 E; 270° 15,4° +70 + 100 2,050
14 NE; 292,5° 13,5° + 116 + 145 3,003
15 NE; 315° 13,5° + 130 +160 2,781
16 NE; 337,5° 21,3° +72 +132 1,712

Next, these sections were sequentially loaded into the BORT software package,
where they were processed. The calculation results of the Bort software package for
all sections of the quarry are exported to the Surpac geographic information system.
The resulting combined model of the quarry with the results of calculations in the
Bort software package is presented in Figure 6.

v » voxn

5 - 999
Ms-5
Wos -
M2-25
Wi7-2
1517
Wis-15
Wio-13

Koef zapasa

Fig.6 - Quarry stability map

Analysis of results and quarry stability map show that as of September, 2019
quarry wall was in a stable state, which is confirmed by absence of serious collapses
in the real quarry. Safety factor for all calculated sections exceeds > 1.3. Only on
the south-eastern side of the quarry was minimum value obtained (n = 1.24) falls
on the south-eastern side of the quarry (azimuth section 112.5°).

Development of the ‘Bort’ software package involved creation of several
technologies for its integrated use with the Surpac GIS. These advancements
facilitated both preparation of high-quality initial data for software and collaborative
processing of calculation results for individual sections. Similar work has been
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carried out for the quarries of JSC SSGPO, including the Sokolovsky, Kacharsky,
Sarbaysky, Akzhal, and Vasilkovsky quarries. For each quarry, two stability maps
were developed: one for current state of mining operations and another for the
planned quarry contour.

As the ultimate goal of all geomechanical studies is to ensure industrial safety
and prevent further collapses of quarry slope benches, we have developed method
for reinforcing stationary quarry slopes. Technical novelty of this method is
confirmed by a patent from the Republic of Kazakhstan (Patent, 2023; Aitkazinova,
etal., 2022:112 p).

Conclusions.

1. Implementation of high-performance instrumental observation methods for
assessing condition of quarry edge massifs-utilizing global satellite positioning
systems, electronic tacheometers, and 3D scanners-ensures safe working conditions
and uninterrupted operations at mining enterprises.

2. A method has been developed for assessing the stability of quarry sides, which
makes it possible to identify deformations at an early stage based on the creation
of zoning maps of edge massifs, the novelty of which is confirmed by the author’s
certificate of the Republic of Kazakhstan for a work of science. Developed stability
maps enabled identification of potentially hazardous zones in terms of stability and
provided recommendations to mitigate risk of quarry wall collapses.

3. Since the ultimate goal for all geomechanical studies is to ensure industrial
safety, to prevent further collapse of quarry side benches, the authors have developed
amethod and composition of a strengthening solution from mining waste to increase
the stability of disturbed sections of quarry benches, the novelty of which has been
confirmed by the Pentent of the Republic of Kazakhstan.
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