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I Clarivate
Analytics

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 akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD Cepusiculy bLibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0aH 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 yevtnaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2blAbIMOAp CEpUsiCol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoHe
6edendi eeonocus HcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 8 3mom UHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npuHAmMU
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednazaem xawecmeo u 2nyoOumHy
Kowmenma Ons uccieoogamenell, aemopos, uzoameneti u yuypedcoenuil. Brnouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboniee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haue2o coodujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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S.A. Syedina!, L.S. Shamganova!, N.O. Berdinova!, G.B. Abdikarimova'*"

'Branch of the Republican State Enterprise «National center for complex
processing of mineral raw materials of the Republic of Kazakhstan»
D.A. Kunayev Mining Institute, Almaty, Kazakhstan;
2Satbayev University, Almaty, Kazakhstan.

E-mail: abdykarimovagulnur@gmail.com

MULTIVARIANT GEOMECHANICAL ESTIMATION OF THE
DESIGN PARAMETERS’ STABILITY OF SLOPE AND BENCH IN
SOUTH SARBAI MINE

Abstract. The article presents the results of a multivariate geomechanical
assessment the design parameters stability of the South Sarbai open pit’s slopes
and benches.

According to the project of «Giproruda» JSC, the final pit depth during the
development will be 600 m. The main complication of increasing the depth of
mining is the increased risk of large-scale destruction of the overall slope. For
the planned significant deepening of the South Sarbai pit, an integrated approach
was used during the analysis, which included a geomechanical assessment the
stability of final pit walls by various methods:

- limit equilibrium methods in the plane and volume task statement;

- probabilistic method to more accurately take into account the influence of
the uncertainty factor of strength properties;

- numerical simulation methods to take into account the effects of stress
fields using the shear strength reduction (SSR) method.

The base model of the South Sarbai pit for use in calculations was created in
the Datamine software in form of a digital wireframe geological and structural
model.

To date, the most accurate calculation of slope stability is possible with the
help of modern software systems. The assessment of the stability of the South
Sarbai pit by the methods of limit equilibrium was carried out using the Slide2

192


https://doi.org/10.32014/2021.2518-170X.75

ISSN 2224-5278 2.2022

and Slide3 programs (Rocscience). Prediction of the destruction of the near-
edge mass under the action of tectonic stress fields was performed by numerical
methods using the RS2 Rocscience program.

Based on the results, a geomechanical substantiation of the permissible
parameters of the slopes of the South Sarbai pit was carried out during the
development of a project for its mining to a depth of 600 m.

Key words: stability calculation, limit equilibrium methods, probabilistic
method, numerical simulation methods, safety factor.

C.A. Crenquna', JI.C. lllamranosa', H.O. Bepaunosa’,
I.b. AgabikapumoBa'*”

'«J1.A. Konaes arbiafarsl Tay-keH nHCTHTYTBD «KP MIIIKKOX ¥O» PMK,
Anmarel, Kazakcran;
2 Satbayev University, Anmarel, Kasakcran.
E-mail: abdykarimovagulnur@gmail.com

OHTYCTIK CAPBIBAI KAPBEPIHIH FOPTTAPBI MEH
KEMEPIEPIHIH KOBAJIBIK TAPAMETPJIEPIHIH
TYPAKTBIJIBIFBIH KOI1 HYCKAJIbI TEOMEXAHUKAJIBIK
BATAJIAY

An”oramusi. Makamnana Onryctik Cappibail kapbepiHiH OOpTTapbl MeEH
KEeMepJIepiHiH JK00alblK MNapaMeTpiepiHiH TYpPaKThUIBIFBIH KO HYCKaJbl
reOMEXaHUKaJbIK Oarasiay HOTHXKENIepl KeNTipUIreH.

“T'unpopyna” AK xo0acekiHa coiikec OHTycTik CappiOail kKappepiH Urepy
Ke3iHae OopTrap eHiCiHiH coHFbl OuikTiri 600 M Kypaihael. Tay-keH Kazy
TEePEHIITIH apTTHIPYIBIH HET13T1 aCKBIHYBI — KaphEp/IiH OOpTTap €HICIHIH KoJoey
KMpay KaymiHiH >korapbuiaybl. OHTycTik-CapbiOail KapbepiH alTapibIKTaii
TEpPEeHIETy YLIIH Tanjgay Ke3iHAe ONapIblH COHFBl  KOHTYpPJIAapbIHBIH
TYPaKTBUIBIFBIH OPTYPIl 9/IiCTEpMEH T'€OMEXaHUKAIIBIK OaFayaypl KaMTHUTBIH
KEIICH T TOCLT KOJIIaHBLI/IBI:

- MOCEIIEHIH Ka3bIKTHIK )KOHE KOJIEM/IIK OpHATACYBIH/IAFbI IIIEKT1 TeTe-TEHIIK
omicrepi;

- OepiKTIK KacHeTTepiHiH Oenrici3aik (aKTOPBIHBIH ACEPIH IATIpEK ecerke
ATyJbIH BIKTUMAJIIBIK 9JIICI;

- BIFBICY KYIIH a3aiiTy (SSR) o/liciH KoJJIaHa OTBIPHIT, KEPHEY OpICTEePiHIH
OCepiH ecerKe aly YIIiH CaHIbIK MOJIEIIBILY diCTEPI.

Ecenreynepne maiimanany yurin Ontyctik CapwiOaii kKapbepiHiH 0a3aiblk
mozeni Datamine OarmapmamanblK —JKacakTamMachblHAAa CaHIBIK KaHKAJIbI
TeOJIOTHSUTBIK-KYPBUIBIMIBIK MOJIENb TYPIH/E JKacalFaH.
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byriari Tapma 3amanHayum OarmapraMaiiblK  KeUICHAEPHAIH KOMETiMEH
OeTkeinepaiH TYpakTBUIBIFBIH 101 ecenteyre Oomanasl. OHtycTik CapbiOait
KapbepiHiH TYPAKTBUIBIFBIH MIEKTI Teme-TeHIIK ojaiciMeH Oaranay Slide2
xoHe Slide3 (Rocscience) OarmapiamanapblH KOJJaHA OTBIPBIN KYPri3uUIl.
TeKTOHHUKANBIK KEepHEYJIl OpICTEepMiH OCEpPIHEH IIETKI MACCHUBTIH KOWBLITYBIH
6omxay RS2 Rocscience OarmapiamMachIlHBIH KOMETIMEH CaHIBIK OIICTEPMEH
OPBIHJIAJIIBL.

Hormxkeciame 600 M TepeHmikke NeliH Wrepy >KOOAchlH o3ipiiey Ke3iHje
Onrycrik Capbi6aii kKapbep O0pTTapbl eHICTEPiHIH PYKCAT €TUITeH apaMeTpiepin
reOMEXaHUKaJBIK HET13/Iey OPBIHIAIIBI.

Tyililin ce3mep: TYpaKTBUIBIKTBI €CEeMNTey, IIeKTI Teme-TeHIIK oIicTepi,
BIKTUMAIJBIK OJIICI, CAHMABIK MOJENbILY oMAicTepl, TYPaKTBUIBIK KOPBIHBIH
K03 (HUIIHEHTI.

C.A. Coeaquna', JI.C. Illamranosa', H.O. Bepaunosal,
I.b. AoabikapumoBa’**

'PT'IT «HLL KITIMC MUP PK» Uuctutyt ropuoro aeia um. [I.A. Kynaesa,
Anmarel, KazaxcraH;
?Satbayev University, Anmarsr, KazaxcraH.
E-mail: abdykarimovagulnur@gmail.com

MHOI'OBAPUAHTHASA TEOMEXAHUYECKAS OIIEHKA
YCTOMYUBOCTHU MPOEKTHBIX TIAPAMETPOB BOPTOB U
YCTYHNOB I0)KHO-CAPBAHUCKOI'O KAPBEPA

AHHoTanusi. B crarbe TmpuBENEHBI pe3yabTaThl MHOTOBapUAHTHOU
TreOMEXaHUYECKON OIICHKH YCTOMYMBOCTU MPOEKTHBIX MapaMeTpoB OOpPTOB U
yctynoB FOxHo-Capbaiickoro kapsepa.

Cornacuo mpoekty AO «['umpopyna» KoHEYHass BbICOTa OTKOCa OOpTOB
npu paspaborke HOxxHo-CapOaiickoro kapbepa coctaBuT 600 M. OCHOBHBIM
OCJIO)KHCHHUEM IIpHU YBCIIMYCHUU FJIY6I/IHI)I IIO6I>I‘-II/I SIBJISIETCS IIOBBIIIEHHBIN
PUCK KPYIMHOMACHITAOHBIX pa3pyIICHW OTKOCOB OOpTOB Kapwepa. Jlms
IUTAHUPYEMOTO 3HauuTeNnbHOoro yryonenus FOxuo-Capbaiickoro xapsepa npu
MIPOBEJICHUH aHaJIKM3a MPUMEHSIICS KOMILIEKCHBIA TOAXOJ, KOTOPBIM BKIIOYAI
F€OMEXaHMYECKYIO OLIEHKY YCTOMYMBOCTH UX KOHEYHBIX KOHTYPOB Pa3IMUHbIMU
METOJaMH:

- METOJAaMH MPEJEIbHOTO PAaBHOBECHS B TIOCKOW M 00BEMHOMN MOCTaHOBKE
3a/1auu;

- BCPOATHOCTHBIM MCTOAOM IJIid 0oJiee TOYHOTO yucTa BIIMAHHA q)aKTopa
HEOMPCACIICHHOCTU MMPOYHOCTHBIX CBOﬁCTB;
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- METOJaMH YHCJIIEHHOTO MOJEIUPOBAHUS NJs ydeTa BO3JAEHCTBHUS NOJIEH
HanpsHKeHUH ¢ NCIOIb30BaHUEM METO/Ia CHIDKEHHS IPOYHOCTH Ha cBUT (SSR).
bazoBas mogens HOxHo-CapOaiickoro kapeepa [Uid HCIOJIb30BaHUS B
pacuerax Onu1a co3aana B [10 Datamine B Buje 1iudpoBoii KapKacHOU I'e0JI0ro-
CTPYKTYPHOU MOJIEIIH.

Ha cerognsimnuii 1eHp Hanbosiee TOUHO MPOU3ZBECTH pacueT YCTOWYMBOCTU
OTKOCOB BO3MO)KHO C IIOMOIIBIO COBPEMEHHBIX MPOrPaMMHBIX KOMIIJIEKCOB.
Onenka ycroitunoctu FHOxHo-Capbaiickoro kapbepa METOAAMHU MPEAETBHOTO
paBHOBecUsl TpOBEJAEHAa C wucmoiab3oBanueM mnporpamm Slide2 u  Slide3
(Rocscience). I[IpornozupoBanue pas3pyuieHHs HPUOOPTOBOrO MaccHBa IO
JeicTBUEM TEKTOHMUYECKUX TOJIeH HapsyKeHUH OBIJIO BHIIOJIHEHO YHCIEHHBIMU
METO/IaMU ¢ UCHoNb30BaHKeM mporpamMbl RS2 Rocscience.

[lo wTOraM BBINOJHEHO TIEOMEXaHMYECKOEe OOOCHOBAHHE JIOIYCTHMBIX
napameTpoB oTkocoB 0optoB HOxHO-Capbaiickoro kapeepa Ipu pa3zpaboTke
MPOEKTa €ro oTpadoTKu 10 TTyOuHbI 600 M.

KuroueBble ci10Ba: pacueT yCTONIMBOCTH, METO/IbI ITPEIEITBHOIO PABHOBECHS,
BEPOATHOCTHBI METO/, METOAbl YHCIEHHOTO MOJEIMPOBAHMS, KOIPPHUIHEHT
3amaca yCTOMYMBOCTH.

Introduction. The South Sarbay deposit is located 0.3 km south of Sarbay
deposit in the same skarn-ore zone. In fact, it is a continuation of the Sarbay
deposit and is actually one of its sections. It was discovered in 1961 during the
well-boring control of a magnetic anomaly to the south of the explored Sarbay
deposit.

According to the project of JSC “Giproruda,” the final height of pit slopes at
the development of the South Sarbay deposit is 600 m. It is expected that the pit
will mainly expand in the western and northern directions. The project defines
that the slope angles are within 40° to 55°at a bottom elevation of minus 400
m. The fundamental factor influencing the slope angle is its stability which is
estimated by the stability factor.

The main complication of increasing the depth of mining is the higher risk of
large-scale destruction of the pit slopes. The analysis performed for the planned
significant deepening of the South Sarbay deposit involved an integrated approach
including a geomechanical assessment of the stability of its final contours using
various methods:

- Limit equilibrium methods in two and three-dimensional formulation of the
problem using Slide 2 and Slide 3 software (Rocscience);

- Probabilistic method for a more accurate account for the influence of
uncertainty of strength properties;

- Numerical simulation methods to account for the impact of stress fields in
the RS2 Rocscience software using the shear strength reduction method (SSR).
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Characteristics of the researched object. The exploitation of the deposit
as an open pit began in 2008. To date, the eastern side of the South Sarbay
deposit has been opened up to a 137 m horizon (practically to the bottom of loose
sediments). Within the studied area of the eastern side, there are deformation
sloughing of the sand-clay strata, and suffusions most likely caused by a change
in the hydrological conditions of the field in the absence of drainage and the
impact of precipitation. On the day surface, the pit has not reach the design
contours.

The deposit is characterized by a block structure due to numerous rupture
anomalies. Zones of tectonic faults within the studied area are zones of crushing,
without clay gouge, along with zones of increased fracturing.

Two complexes ofrocks compose the geological structure of the deposit: highly
deformed sedimentary-volcanic rocks of the Paleozoic age and horizontally
occurring, mostly loose, Meso-Cenozoic deposits overlapping the latter.

To assess the structural disturbance of the rock mass, the RMR (Bieniawski)
rating system for quality assessment was used (Momeni E., 2015: 50). The
calculated geological strength index of the rock mass of the South Sarbay
deposit (GSI=RMR -5, for RMR,, > 23 according to the Hook-Brown strength
theory (Eberhardt E., 2012: 45), which describes the influence of blockiness and
fracturing, varies within 53+63 (except for the weathering crust and weathered
rocks, GSI=22+38). This characterizes the rock mass as highly blocky and
cemented, partially disturbed with polyhedral, angular blocks, formed by 4 and
more fracture systems; in the weathering crust and weathered rocks, as a small
block rock mass.

The hydrogeological conditions of the researched area are characterized by
the absence of upper aquifers drained by the dewatering system of the Sarbay
and South Sarbay open pits. The main share of water inflows into the open pit
is formed by rocks of the Cretaceous and Paleozoic aquifer complex. At the
development of reserves on all sides of the open pit, it is necessary to take into
account the presence of watered strata of loose rocks and clays due to the threat
of sloughing and collapse of slopes composed of chalk sands, Neogene clays and
Quaternary loams.

The method of research of stability of the open pit slopes. A multivariant
geomechanical assessment of stability of final pit contours was performed using
the following methods:

- Limit equilibrium methods in two and three-dimensional formulation of the
problem;

- Probabilistic method for a more accurate account for the influence of
uncertainty of strength properties;

- Numerical simulation methods to account for the impact of stress fields.
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Today, the most accurate calculation of slope stability is possible with the
help of modern software systems. The stability of the South Sarbay open pits
was assessed using the Slide 3 program (Rocscience), which ensures a three-
dimensional (3D) analysis of stability of the pit slopes using methods of
limit equilibrium with due account for its geometry (Soto J.G., Romanel C.,
2018:746). Confirmatory calculation was also done in a standard two-dimensional
formulation using the Slide 2 program (Rocscience). The Spencer, GLE and
Morgenstern-Price methods were used for calculating the limit equilibrium that
ensure more accurate results (Fomenko 1., Jitinskaia O., 2018: 76).

The base model for the Slide 3 program was created in Datamine software as
a digital wireframe geological and structural model. The wireframe geological
and structural model (Figure 1) was created by bringing together all the available
information (geological horizon plans and sections, topo-surface) obtained at
various stages of the study of the South Sarbay field.

i

e

Figure 1. General view of the 3D geological and structural model of the South
Sarbay open pit according to the design at the end of mining.

To analyze the stability of the South Sarbay open pit in 3D formulation, this
wireframe geological and structural model (Figure 1) was imported into the
Slide 3 program.

Next, at the creation of a geotechnical model, the following characteristics
of the mining and geological conditions of the open pit were taken into account:

1) Strength parameters of the main overburden rocks and weakening surfaces.

The calculated physical and mechanical properties of the identified lithotypes
of the geological section, which determine the initial stress field and elastic-
plastic deformation of rocks, included: specific gravity of rocks, deformation
characteristics (Young’s modulus and Poisson’s ratio) and strength characteristics.

2) Ground water conditions.

Due to incorrect information in the calculations regarding the level regime of
observation wells at the Paleozoic horizon, the possible deviation of the ground
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water level of the Paleozoic aquifer is assumed to be <200 m from the base of
the deposits of the Cretaceous aquifer complex (up to absolute elevation minus
50 m), according to survey data.

3) Seismicity. Stability was calculated for static conditions. The seismicity
coefficient p=0 (according to survey data, it was determined as 6 points),
according to the RK Code of Rules 2.03-30-2017 (SP RK 2.03-30, 2017).

4) Lamination (orientation of inhomogeneities). Within sections 33-53,
lamination structures for tuffites were added to the calculation model for
the final contour. The parameters of the average orientation of the layers are
(55°(=10) /158°) for the eastern slope (heterogeneities coincide with the
direction of potential sliding), and for the western slope, reverse lamination with
the orientation of (55°(+10) /338°) was considered.

n=1.3 (Rylnikova M.V., Zoteev O.V., 2018., Mochalov A.P., Popov V.N.,
Eremin G.M., 2016:224) was assumed as an acceptable value of the standard
(design) stability factor in the calculations, which was introduced into the initial
strength characteristics of the host rocks of the pit slopes.

Results of stability calculation. Three-dimensional analysis of stability
using the methods of limit equilibrium of the South Sarbay open pit with the
actual strength characteristics of the rock mass revealed that the pit slopes, with
the accepted design parameters in the rocky part, are stable. The lowest stability
factor n'=1.115 is noted on the eastern slope (Figure 2).

Most of the rocks of the loose part of the pit slopes, according to the design, are
beyond the stability limit. The most critical areas with the lowest total calculated
stability factor are observed in the loose part of the western slope (n'=0.646) with
the boundaries of the wedge of failure at elevations (+200 m) + (+108 m).

Figure 2. The results of calculation of the overall (global) stability of the South
Sarbay open pit in a 3D formulation (Slide3 Rocscience program).

The results of three-dimensional (3D) analysis are considered more realistic
because they take into account the influence of large faults on the stability of the
pit walls, the anisotropy of the rock mass, and the actual geometry of the pit.
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The main goal of slope stability analysis is to find the critical fracture surface
- the surface along which the rock mass will fail. When calculating the stability
factor, an optimized sliding surface search option was used in the RocScience
Slide program (the “cuckoo method”) (Wu A., 2012, Levin E.L., Serdiykov A.L.,
2017), which allows finding the shape and location of the most critical fracture
surface in the model (global minimum).

To determine the optimal design parameters of the pit slopes, the quarry field
was divided into 5 sectors, within which the properties of rock masses and ore
are considered similar (Figure 3). At the division into sectors, the lithologies of
the host rocks, their strength characteristics, the boundaries of the main faults
documented during the operation of the open pit, and the orientation of the pit
slopes were taken into account (Shamganova, L.S., Syedina, S.A., Berdinova,
N.O., 2021:30).

The stability of the South Sarbay open pit walls was assessed on 7 significant
sections built across the strike of the slopes (Figure 3). The calculated sections
of the open pit were extracted from a 3D wireframe geological and structural
model of the deposit.

Notation:
3 - Sector number
IT - Number of the calculated section
Figure 3. Location of calculated sections on the 3D plan of the South Sarbay
open pit.

The stability factors of the most critical sliding surfaces of the rocky part of
the slopes of the South Sarbay open pit calculated using the methods of limit
equilibrium (Figure 4) at the accepted design parameters equaled n'=0.962-1.177.
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/"'A

Figure 4. An example of stability calculation for section I using limit
equilibrium methods (F0S=0.962)

The effects of high stresses in rocks at great depths cannot be fully accounted
for by the traditional stability analysis using limit equilibrium methods. To
predict deformations, the mechanism of displacements and destruction of rocks
in deposits with due account for the impact of stress fields, numerical methods
are used to model the trend of changes in the stress-strain state (SSS) of the rock
mass. Numerical simulations were performed using the RS2 RocScience software
(Sedina S.A., Berdinova N.O., Abdikarimova G.B., Altayeva A.A., Toksarov
V.N., 2021:110, Griffiths D.V., 2012), where slope stability is quantified using
the shear strength reduction (SSR) method. The main estimated indicators in
assessing the stability of the rock mass at the application of numerical modeling
methods in the RS2 RocScience program are the strength factor and the total
displacement.

The stability factors of the calculated sections in numerical simulation were
SRF=0.98-1.16 (Figure 5).

Figure 5. Contours of maximum shearing strain and distribution of total
displacement along section I (SFR=0.98).
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The calculation of slope stability of the design contour of the South Sarbay
open pit using the numerical simulation methods in the RS2 Rocscience program
revealed that:

- In section I (+120) m - (-360) m, a displacement of about 0.40 m towards the
gob area is predicted. The estimated strength factor SRF is 0.98 (using the limit
equilibrium methods n'=0.962).

— In section II (-280) m - (-370) m, a slight displacement of about 0.04 m
towards the gob area is predicted. The estimated strength factor SRF is 0.99
(using the limit equilibrium methods n'=1.034).

Additionally, an alternative calculation of the pit slopes stability was done
using the probabilistic method for more accurate account for the influence of the
uncertainty factor of strength properties (Hadjigeorgiou J., 2019:159, Spirin V.I.,
Livinskn I.S., Hormazabal E., 2019, Hideki Shimada, Takashi Sasaoka, Akihiro
Hamanaka, Tumelo K. Dintwe, Sugeng Wahyudi, 2020). In the world practice, in
addition to the stability factor, the standard criteria for assessing the reliability of
a pit slope design is also the probability of failure (PoF). For the most significant
sections (high slopes with large structures, areas that affect the technological
process), an additional calculation of the probability of failure (PoF) was also
done for the rock part in order to be able to take into account potential changes
in the initial strength characteristics. The calculation of the probability of failure
shows the variability of the adhesion parameter within £30%. The probability
of slope failure (PoF) depends on the proportion of calculation results with a
stability factor less than 1 to the entire volume of calculations.

According to the results of the probabilistic analysis of stability of the
estimated sections, their strength factors were FS > 1, namely FS=1.005-1.161
(Figure 6).

Figure 6. Calculation of the probability of failure in section I (FS=1.007).
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A summary table of the results of stability factor calculation using various
methods for the estimated sections is represented in the Table 1.

Table 1. Stability factors of the design contour of slopes of the South Sarbay
open pit calculated using various methods

Stability factor calculated using the method
. Resulting | Slope angle of
Sector .SIOP ¢ Estlmated slope angle, | in the rocky Limit Numerical | Probabilistic
orientation | sections ey . . . .
degree | part, degree | equilibrium | simulation calculation
FoS SFR FS
1 North 2 33 50 1.083 1.03 1.108
2 East 1I 32 40 1.034 0.99 1.008
3 South 3,4,54 28 35 0.99,1.17 1.03-1.16 1.005,1.161
4 West 1,1 37 46 0.96,1.12 0.98-1.01 1.007,1.074

Conclusion. Based on the results of a multivariant geomechanical assessment
of design stability parameters of the slopes and benches of the South Sarbay
open pit using the methods of limit equilibrium and numerical modeling, the
following was determined (Table 1):

- The calculated minimum stability factors of the estimated sections of
the South Sarbay open pit using the methods of limit equilibrium (FoS) and
numerical modeling (SFR) do not differ from the design stability factors by more
than 5% and, according to the instructions of the VNIMI, no adjustments are
required to the slope parameters.

- The slopes of the open pit in the rocky part, with the accepted design
parameters, are characterized by a minimum margin of stability and meet the
regulatory requirements in terms of stability.
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