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2 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 ¥immulx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK ZbLIbIMOAP CepUsChly bLibiMU dHcypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevlnaowvl. KP YFA Xabapnapwl. eonoeus scane mexHUKAIbIK 2blIbIMOAp Cepusicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoue
6e0endi eeonocus JHcoHe 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. Codepoicanue 8 3mom uHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npUHAMUA
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednazaem xauecmeo u enyoumy
KOHmeHnma O ucciedogamenell, asmopos, uzdameneli u yupedxcoeHuti. Bxmouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM OISl Hauie2o coodujecmad.



Bac pegakrop

JK¥PBIHOB Mypar /KypbIHYIbI, XUMHS FBUIBIMAAPBIHBIH JOKTOpEL, mpodeccop, KP ¥FA
akagemuri, «Kasakcran PecryOnmukackl ¥ITTBHIK FUTBIM akanemusicel» PKbB-HiH mpesunenti, AK
«/1.B. Cokonbckuii aTbIHAAFEI OTHIH, KaTaJIN3 JKOHE IEKTPOXUMUS HHCTUTYTHIHBIHY» 0ac TUPEKTOPEI
(Anmarsr, Kazakcran) H =4

FpuibiMu xaTmibl

ABCA 1BIKOB BaxsiT Hapnk6aiiyJibl, TeXHHKa FBUIBIMIAPBIHBIH TOKTOPEL, podeccop, KP ¥YFA

JKayanThIXaTIIBICH], A.B. BeKTypoBaThIHAaF BIXUMUS FBUIBIMIaPEIMHCTUTY THI (AnMaTbl, Kazakcran) H=5
PegaknusaablK aJK a:

9BCAMETOB Mauic Kyasicyas! (6ac penakTtopablH opeIHOAcaphl), reoIorus-MHHEPaIoT st
FBUIBIMJIAPBIHBIH  TOKTOpHI, Tpodeccop, KP ¥YFA akagemuri, «Y.M. AxmencaduHa aTbIHAAFEI
THIPOTEOJIOTHS JKOHE T€0IKOJIOTHSI HHCTUTYTHIHBIHY AupekTopsl (AnmMarsl, Kazakcran) H =2

7KOJITAEB TIepoii XKoaraiiyiabl (6ac penakTopAblH OpbIHOAacapsl), TeoJoTrHs-MHHEPaIOTHs
FBUTBIMJIAPBIHEIH TOKTOPEL, Tpodeccop, K. 1. Carnaes THIHAAFbI 00T U FEUTBIMIAPHI HHCTUTY THIHBIH
nupexTopbl (Anmarel, Kazakcran) H=2

CHOY pumen, Ph.D, kayeiMpacteipbuiran mnpodeccop, HeOpacka yauBepcutetiHiH Cy
FBUIBIMJIAPHI 3epTXaHachIHbIH qupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, Taburu Tapux MypaxaibiHsig XKep Typais! FeutbiMaap OemiMinae
METPOJIOTUS JKOHE Iaijayibl Kazbanap KeH OpBIHIAphl CalachIHIArbl 3epTTEYNCpAiH JKeTeKIIici
(Jlonnon, Aurus) H = 37

NAH®UWJIOB Muxaua bopucoBuY, TeXHHMKAa FBUIBIMIAPBIHBIH  JOKTOpBl, HaHcu
yHUBepcuteTiHig npodeccops! (Hanen, ®panmms) H=15

HIEH Iun, Ph.D, KpiTaii reonorusiibik KOFAMBIHBIH Tay F€OJOTHICHI KOMUTETI TUPEKTOPBIHBIH
opbiHOacapsl, AMEpUKAaHABIK SKOHOMHKAJBIK TEONOrTap KaybIMAAcTHIFBIHBIH Mymieci (ITexkuw,
Kprrait) H = 25

OUIIEP Axcenb, Ph.D, JIpe3ncH TeXHUKAIBIK YHHBEPCHTCTIHIH KaybIMAACTHIPBLIFAH
npodeccopsi (Ipe3neH, bepaun) H=6

KOHTOPOBHY Auekceii IMUIbEBHY, I'€OJOTHA-MUHEPAIOTUS FHUIBIMIAPBIHBIH JIOKTOPBI,
npodeccop, PFA akagemuri, A.A. Tpodumyka aTelHIaFEl MyHali-Ira3 Te0JIOTUACHI JKoHE reoU3nKa
unctutyTsl (HoBocubupck, Peceit) H =19

AT'ABEKOB Baagumup EHokoBHY, XHMMHS FhUIBIMAAPBIHBIH HOKTOpH, bemapycs ¥TA
akanemuri, JKana Matepuangap XMMUSIChI HHCTUTYTBIHBIH KYpMeTTi qupektops! (MuHck, benapycs)
H=13

KATAJIUH Credan, Ph.D, [Ipe3neH TexXHUKaIBIK YHHBEPCHTETIHIH KaybIMAACTBIPBUIFAH
npodeccops ([pesznen, bepaun) H = 20

CEUTMYPATOBA Jneonopa FOcynoBHa, reoorus-MUHEPATOTUs FhIIIBIMAAPBIHBIH JOKTOPEI,
npodeccop, KP ¥FA koppecnongent-myieci, K.M. CarnaeB arbinmarbl [€070Tusl FBUIBIMAAPEI
HHCTHTYTHI 3€pTXaHaChIHBIH MeHrepyiuici (Anamarsl, Kazakcran) H=11

CAFYBIHTAEB “Kanaii, Ph.D, xayeiMpacteipbutran mpodeccop, HaszapbaeB yHuBepcuteti
(Hyp-Cyunran, Kazakcran) H =11

®PATTHUHMU Iaono, Ph.D, buxokk Munan yHUBEpPCUTETI KaybIMIACTBHIPbUIFaH HIpodeccopbl
(Munan, Uranus) H =28
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I'naBHbIii perakTop

KYPHUHOB Mypar KypuHoBHUY, TOKTOp XUMUYECKHUX HayK, mpodeccop, akagemuxk HAH PK,
npesunent POO «HarnponansHoit akagemun Hayk PecriyOnuku Kazaxcran», reHepabHbIi TUPEKTOP
AO «MHcTuTyT TOIUMBA, KaTanu3a U a1ekrpoxumud uM. [1.B. Coxombckoro» (Ammarsr, Kazaxcran)
H=4

YueHHbIi cekpeTapb

ABCA/IBIKOB BbaxbiT HapukfaeBu4, JOKTOp TEXHHYECKUX HAYK, TPO(eccop, OTBETCTBEHHBIH

cexperaps HAH PK, UuctuTyT XuMmnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenakuunonHasi KoJgdJerus:

ABCAMETOB Mauc KyabicoBu4, (3aMeCTHTEINb ITTABHOTO PEAAKTOPA), TOKTOP I€0JIOTOMHHE-
panornueckux Hayk, mpodeccop, axagemuk HAH PK, mupexrop HMHcruTyTa Tmaporeosoruu u
reoskosoruu uM. ¥Y.M. Axmencaduna (Anmarsl, Kazaxcran) H = 2

KOJITAEB I'epoii ZKorraeBud, (3aMeCTUTEIND [TIABHOTO PEIAKTOPA), IOKTOP T'€0JI0rOMUHEPaIIo-
THYIECKUX Hayk, mpodeccop, mupexkrop MucTHTyTa reonormyecknx Hayk uM. K.M. Carmaesa (Anmarsr,
Kazaxcran) H=2

CHOY [Ipunea, Ph.D, acconumpoBannslii npodeccop, aupexrop Jlaboparopuu BOJHEIX HayK
yauBepcutera HeOpacku (mrat Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pykoBomurtenb uccienoBaHuii B 00JacTH IMETPOJOTHU U
MECTOPOXK/ICHUH TTOJE3HBIX HCKOmaeMbIX B Otmene Hayk o 3emie My3est eCTeCTBEHHOH HCTOPHH
(Jlonnon, Aurus) H =37

HAH®UJIOB Muxaua bBopucoBHY, TOKTOp TEXHHUYECKHX HayK, Mpodeccop YHUBEpPCHTETA
Hancu (Haucu, ®panmums) H=15

HIEH IMun, Ph.D, 3amecrurens aupexropa Komurera mo ropHoit reomormn Kurtaiickoro
Te0JIOTHYECKOT0 00IIecTBa, WieH AMEPHUKAHCKOH acCONHMAINK SKOHOMHUYeckux reonoros (Ileknw,
Kurait) H = 25

OUIIEP Axceas, acconuupoBanHslii npodeccop, Ph.D, Texanueckuit yausepcuret Jlpesnen
(Apesnen, bepmun) H = 6

KOHTOPOBMUY Auekceii IMUILEBHY, TOKTOP I'E0JI0r0-MHHEPATOrMICCKUX HAyK, Tpodeccop,
akagemuk PAH, MHCTHTYT HedrerazoBoii reonorun u reopmsuku uM. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATI'ABEKOB Baagumup EHokoBHM4, 10OKTOp XuMHYecKHX Hayk, akagemuk HAH benapycu,
MOYETHBIN qupeKkTop MHCTUTYTa XMMUHU HOBBIX MaTepuaioB (Munck, benapycs) H =13

KATAJIMH Credan, Ph.D, accoummpoBanubiii mnpodeccop, TexHHYEeCKHil yHUBEPCUTET
(Apesnen, bepmun) H =20

CEUTMYPATOBA Djeonopa IOcymoBHa, [OKTOp TIeO0lOrO-MHHEPAIOTHYECKUX —Hayk,
npodeccop, wieH-koppecnoneHT HAH PK, 3aBenyromas taboparopunt MIHCTHTyTa Te0IOTHYECKUX
Hayk uM. K.M. CarmaeBa (Anmarsl, Kazaxcran) H=11

CAI'MHTAEB Kamnaii, Ph.D, accouuupoBannsiii mpodeccop, HazapbaeB yHuBepcureT
(Hypcynran, Kazaxcran) H = 11

®OPATTHUHMU Iaoao, Ph.D, acconnuposanHblii npodeccop, Munanckuii yausepcuter bukokk
(Munan, Utamus) H = 28
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Editorial chief

ZHURINOV 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

ZHOLTAEY 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

PANFILOYV 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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©OD.K. Bekbergenov!, G.K. Jangulova?, R.K. Zhanakova®, B. Bektur 4, 2024.
'D.A. Kunayev Mining Institute, Almaty, Kazakhstan;
2Al-Farabi Kazakh National University, Almaty, Kazakhstan;
3* K.I. Satbayev Kazakh National Research Technical University, Almaty, Kazakhstan;
4JSC Maikainzoloto, Maikain, Kazakhstan.
E-mail:zhanakova raisa@mail.ru

INVESTIGATION OF THE BLOCK CAVING
GEOTECHNOLOGY AT DEEP HORIZONS

Bekbergenov Dosanbay Kaldarbaevich — Candidate of Technical Sciences, Head of the Laboratory
“Integrated Development of Subsoil”, D.A. Kunayev Mining Institute, Almaty, Kazakhstan, E-mail:
kdbekbergen@mail.ru, https://orcid.org/0000-0001-6276-3474;

Jangulova Gulnar Kabatayevna — Candidate of Technical Sciences, Associate Professor of the
Al-Farabi Kazakh National University, Almaty, Kazakhstan, E-mail: gulnarzan@gmail.com, https://
orcid.org/0000-0002-7866-1031;

Zhanakova Raisa Kulmakhanovna — PhD, Associate Professor at the K.I. Satbayev Kazakh
National Research Technical University, Almaty, Kazakhstan, E-mail: zhanakova_raisa@mail.ru,
https://orcid.org/0000-0003-0845-8449;

Bektur Bakytbek Kanymbekuly — PhD, Mine Geomechanist, JSC Maikainzoloto, Maikain,
Kazakhstan, E-mail: bekturbek@bk.ru, https://orcid.org/0000-0003-0510-4995.

Abstract. The purpose of the work is to develop a new modification of the
process chart of the block caving geotechnology with vibration ore drawing for the
safe and sustainable development of underground mining of chromite deposits that
ensures an increase in the production capacity of blocks in the deep horizons of the
“10th Anniversary of Independence of Kazakhstan” mine.

Theoretical and methodological rationale of the results reliability is based on
the explanation of the nature of the development using effective options of the new
modification of the process chart of the block caving geotechnology with vibration
ore drawing under the artificial stope sill during underground mining of chromite
reserves of the “10th Anniversary of Independence of Kazakhstan” mine.

The methodology and geomechanical assessment of parameters of structural
elements and the interaction of draw points (the methodology of Professor
D. Laubscher) have been developed for the block caving geotechnology with
vibration ore drawing under the artificial stope sill in difficult mining conditions as
exemplified in a deep mine in Kazakhstan. The essence of the proposed development
lies in the fact that within the level of the underground mining, to apply the new
modification of the process chart for development of ore deposits using the block
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caving geotechnology, the process chart is used in combination with the vibration
ore drawing under the artificial stope sill according to the detailed process chart for
layered development of an artificial funnel with subsequent transportation of the
withdrawn ore mass from the production block by the mine electric locomotives to
the lifting shaft.

In accordance with the proposed block caving geotechnology with vibration
ore drawing in the mining conditions of the “DNK” mine corresponding to the
above-described production processes in conjunction with the process chart for this
geotechnology, we recommend the use of technological equipment and complexes
for performing underground driving as well as for the construction of artificial
stope sills made of reinforced concrete.

Keywords: mine, underground mining, block caving, artificial stope sill, stress-
strain state, process chart

©J1. bexoeprenos', I. [lzkanrynosa®, P. ’Kanakosa*, b. Bekryp*, 2024.
1. Konaes arbiagarsl Tay-KeH icTep HHCTUTYTHI, AjMarhl, Kazakcraw;
20n-Dapabu arsraaarsl Kazak yiTTeIK yHHBEpCHTETI, Anmarsl, KasakcTaH;
3K.H. Corbaes arbiHmarsl Ka3ak YITTHIK TEXHUKAJIBIK 3ePTTEY YHUBEPCUTETI,
Anmarsl, Kazakcran;

4 «Maiikaitazonoro» AK., Maiikaiioig, Kazakcran.

E-mail: zhanakova raisa@mail.ru

TEPEH HTAXTAJAPJATBI TOPU3OHTTAPABIH O3JITTHEH
KYJIAY TEOTEXHOJIOT'USCBIH 3EPTTEY

Bexoeprenos locandaii Kannap6aiiyibl — TexHuKa FhUIBIMAAPBIHBIH KaHauaarel, J[.A. Konaes
aTBIH/IAFBI TAy-KeH iCl MHCTHUTYTHI, «Kep KoifHaybIH KeIIeHMl Hrepy» 3epTXaHAChIHBIH MEHTepyIIic
Anmarsl, Kazakcran, E-mail:kdbekbergen@mail.ru, https://orcid.org/0000-0001-6276-3474;
Jxanrynosa I'ynnap KaGaraiikei3bl — T.f.K., an-Papabu areraiars! Ka3ak yiITTHIK yHUBEPCUTETIHIH
KaybIM.Ipodeccopsl, Anmarsl, Kazakcran, E-mail: gulnarzan@gmail.com, https://orcid.org/0000-
0002-7866-1031;

KanakoBa Pamca Kyamaxaukwidbl — PhD pokroper, K.M. Corbac areiHmarsl Kazak YITTBIK
TeXHHUKAJIBIK 3€pTTey YHHMBEPCHUTETIHIH KaybIM.Impodeccopsl, Anmarsl, Kazakcran, E-mail:
zhanakova_raisa@mail.ru, https://orcid.org/0000-0003-0845-8449;

Bextyp BakpiTéex Kanbimbexyiabl — PhD, Illaxta reomexanuri, «Maiikaitazonoro Ka3sakcrany
AK, Maiikaiieiy, Kazaxcrap, E-mail: bekturbek@bk.ru, https://orcid.org/0000-0003-0510-4995.

Annoramus. XymeicteiH Makcathl — «Kazakcran Toyencizmiriniyg 10 sKbui-
JIBIFBD) IIAXTAChIHBIH TEPEH TOPH3OHTTAparbl OJOKTApIbIH OHIIPICTIK KyaThIH
ApTTHIPYILI KAMTAMACHI3 €TETIH XPOMHUT KE€H OPBIHAAPHIH )KEPACTH OHAIpYyIi Kayilci3
JKOHE TYPaKThl MTepy YIIiH PyJaHbl Iipil oMiciMEH HIBIFapyAbl ©3MIriHeH Kyiay
T€OTEXHOJIOTHSICHIHBIH, TEXHOJIOTUSIIBIK CXEMAChIHBIH JKaHa MOIU(UKAIUSCHIH
93ipIiey apKbUIbl TO3U30HTTAP/IBIH ©3/IIMHEH T€OTEXHOIOTHSICHIH 3EPTTEY.

3epTTey HOTHIXKEICPAIH AYPHICTBIFBIH TEOPHUSUIBIK JKOHE 9J[ICHAMAJIBIK KamTa-
Mace3 ety «Kazakcran ToyemncizmiriHiH 10 >KBUIIBIFBD) MIAXTACHIHBIH XPOMHT
KOPJIAPBIH KEepacThl Ka3y Ke3iHme OJIOKTHIH JKacaHbl TYOiHIH acTBIHIAFBI KEHI
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TpiTMEH IIBIFAPYMEH O3MiTiHEeH KyJiay TeOTeXHOJOTHICHIHBIH TEXHOJIOTHUSIIBIK
CXEMAachlH XaHa MOAM(pHUKANMAIAYABIH THIMII HYCKaNapblH o3ipieydiH MoHIH
HET13/1ey apKbLIbl TOPU3aHTTAAPAbIH KYJIay TEXHOJIOTUSCHIH KapacThIPbUIIBL.

KoHCTpYKTHBTI 351eMEHTTEPIiH MapaMeTpiepiH reoMeXaHUKaJIbIK Oaralay »KoHe
KazakcTaHHBIH TE€peH MaXTaChIHBIH MBICAJIBIHAA KYPACIi Tay-KeH XKaF aiiapbIHia
ONOKTHIH >KacaHAbl TYOiHIH acTBHIHAAFBI KEHHIH Mipil IIBIFApYBIMEH ©3MiriHeH
Kyjlay TeOTeXHOJOTHICHIHBIH IIBIFapy IYHKTTEPiHIH KepHeli-ae(popMaIusibK
xarmaiipiHa (podeccop [.JloOmmpain smicHaMachl) OalIaHBICTBI YCBIHBUIIBL.
Y CHIHBUIBIN OTHIPFaH UTEPYIiH MOHI MBIHA/IA: )KEPACTHI Tay-KeH )KYMBICTAPBIHBIH
QNIIBIHFBl KaOaThIHBIH IIETiHJE O3/iTHEeH KyJilay TEOTEXHOJIOTHSCH OOWBIHIIA
Tay»KBIHBICTAPBIH UTEPYIIH TEXHOJIOTHSUIBIK CYJI0AaCHBIH JKaHa MOAU(HUKALUICHIH
KOJIJIaHY VIIIH TEXHOJIOTUSJIBIK Cysi0asa ONOKTBIH JKacaHAbl TYOIHIH acThIHIAFbI
KEH/I1 IipIJIMEH IIbIFapy MaKCaThIH/A )KaCaH bl IIYHKBIPABIH KYPHLUTBIMBIH KA0ATTHI
OHJIEY/IIH CYIOACHIH 3epTTEYy apKbUIbl ONApbl CHUIIATTAIl, 3€PTTEY HOTHXKECIHIE
MIBIFAPBUITEIH KEH CUIEMIH UTepyAeri OJoTTaH TackIMaljayMeH Oipre OKIaHFa
NEHiH KOJNIaHBIJIAThIH KOTEPTiIl KYPBUIBIMAAPHI )KYMBIC Kacail aajbl.

Makanana 3epTTeNreH FBUIBIMH 3€pTTey HOTIDKECI OHIIpiCTiK mpouecTepre
coiikec keneTin «Kazakcran ToyencizzairiniH 10 KbUTABIFBD) NIAXTACHIHBIH Tay-KeH
JKarmalmapeIHaa KeHHIH MipiIMEeH IIBIFapbUTYBIMEH YCHIHBUTFAH O3IT1IHEH KYJIaTy
TEOTEXHOJIOTHSICHIHA COMKEC, OCBI TEOTEXHOJOTHs OONBIHIIA TEXHOJOTHSIIBIK CXE-
MaMeH OalIaHBICTBIPA OTBHIPHIIN, KEPACTHI TAy-KCH JKYMBICTAphIH UTEPy Makca-
TBIH/Ia TEXHOJOTHSIIBIK KaOABIKTAp MEH KeIICHJEp/i, COHAal-aK TeMip-OeTOoH
MaTepHaJapblH TaiianaHa OTHIPHIIN, KAacaHIbl KOHCTPYKIUSIIAPBIH KOIAAHYIBI
YCBIHBIIT OTHIP.

Tyiiin ce3nep: maxra, )KepacTbl UTEPY, O3IITIHEH KyJiay, )KacaHIbl ON0K TYOi,
KepHeyi-IehopMalusiaK KaFaai, TEXHOJIOTHSUIBIK cyJi0a
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AnHoTanus. Llems paboTel — pa3paboTka HOBOH MOIHU(HKAIIMH TEXHOJO-
THYECKOM CXEMBI TEOTEXHOJIOTHH CaMOOOPYIICHHS C BHOPOBBIITYCKOM PYIBI
Juiss 0e30MacHOTO W YCTOWYMBOTO Pa3BUTHSA IMOJ3EMHON OOBIYHM XPOMHUTOBBIX
3ane)xeld, 00ecreunBaloNINX MMOBBIIICHHE MPOU3BOACTBEHHOW MOITHOCTH OJIOKOB
Ha TITyOOKUX TOpHU30HTaX MIaxThl «10-etne HezaBucuMocTH Kazaxcranay.

TeopeTnueckuM M METOOIOTHYECKIM 00€CTIeYeHEM JOCTOBEPHOCTH PE3YITb-
TaTOB, SBJISIFOTCSI 00OCHOBAHUE CYIIHOCTH pa3paboTku 3(h(HEeKTUBHBIX BapUaHTOB
HOBOW MOIM(HUKAIIMHA TEXHOJIOTHIECKON CXEMBI T€0TEXHOJIOTHH CaMOOOPYIICHUS
¢ BUOPOBBIITYCKOM DyJABI ITOJ UCKYCCTBEHHBIM JHUIIEM OJIOKa MPH TMOJ3EMHOMN
0TpabOTKe XPOMHUTOBBIX 3amacoB maxThl «10-netne HezaBucuMocTu KazaxcraHay.

Pazpaborana Mmeroamka W TeOMEXaHWYECKass OIeHKa IapaMeTpoB KOHC-
TPYKTHBHBIX DSJIEMEHTOB M B3aWMOJACHCTBHE IMYHKTOB BBITyCKa (METOMOJOTHUS
mpodeccopa M. JloOmmpa) TeoTeXHONIOTHH CaMOOOPYIIeHHsI ¢ BHOPOBEIITYCKOM
pPYIOBl TIONl HMCKYCCTBEHHBIM JHHWIIEM OJIOKA B CJIOXHBIX TOPHOTEXHHYECKUX
YCIIOBUSX Ha mpuMmepe rryOokoi maxtel Kazaxcrana. CyniHocTs mpeiaraeMoin
pa3pabOoTKH 3aKITI0YAETCs B TOM, UTO B IIPeIeNax dTaxka BeIeHU PPOHTA ITOA3EMHBIX
TOPHBIX paboT Uil MPUMEHEHUS] HOBOW MOAM(UKALINH TEXHOJIOTHYECKOH CXEMBI
0oTpabOTKHN PYIHBIX 3alie)Kel 10 TeOTEeXHOJOTHH CaMOOOPYIICHHS UCTIONb3YEeTCs
TEXHOJIOTYeCcKasi CXeMa B KOMOMHAIIMH C BUOPOBBIITYCKOM PYABITOJIUCKY CCTBEHHBIM
ITHUIEM OJI0Ka, MOAPOOHO PAaCHHCAHHON TEXHOIOTHYECKOH CXEMOU IMOCIONHON
oTpabOTKN CO37aHUA KOHCTPYKIMHM HCKYCCTBEHHOW BOPOHKH C IOCIEAYIONIEH
TPaHCHOPTUPOBKOH BBIMYIIEHHON PYyIHOM Macchl M3 SKCIUTyaTallMOHHOTO OJloKa
IAXTHOM 3JIEKTPOBO3HOM JIOTUCTUKOM 10 MOABEMHOTO CTBOJIA.

B cooTrBeTcTBHM C mpeiaraeMod TeOTEXHOJIOTHEH CaMOOOpYIICHHs C
BHOPOBBIITYCKOM pPYIbl B TOPHOTEXHWYECKUX YCIoBUAX Imaxtel «JIHK» coot-
BETCTBYIOIIECH BBHIIICONMUCAHHBIM TPOM3BOICTBEHHBIM TIpOIleccaM B YBS3KE C
TEXHOJOTMYECKOW CXEMOW M0 JAaHHOH TE€O0TEXHOJIOTHHM HaMH PEKOMEHAYeTCs
MIPUMEHEHUE TEXHOJOTHYECKOTO 00OPYIOBAaHUS W KOMILIEKCOB JJISI BHITIOTHEHUS
MOA3EMHBIX ITPOXOAYECKUX FTOPHBIX pa0OT, a TAKIKE [0 COOPYKEHHIO HCKYCCTBEHHBIX
KOHCTPYKIWH THHUINA OJI0Ka, 00pa3yeMbIX C HMCIIOIB30BAaHUEM JKeIe30-0eTOHHBIX
MaTepHaJoB.

KoroueBbie ciioBa: 1maxra, mog3eMHas pa3padoTka, caMoOOpyIIIeHHEe, HCKYCCTBEH-
HOE JHUIIE, HANPsDKEHHO-1e()OPMUPOBAHHOE COCTOSIHIE, TEXHOJIOTMUECKAst CXeMa.

Introduction

Rationale of the essence of effective options of the new modification of the
process chart of block caving geotechnology with vibration ore drawing under the
artificial stope sill during underground development of chromite reserves of the
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“10th Anniversary of Independence of Kazakhstan” mine. The components of the
methodological rationale for the application of the new modification of the block
caving geotechnology with vibration ore drawing under the artificial stope sill in
complex mining and geomechanical conditions of the Don mining and processing
plant are the goal, idea and main tasks, the novelty of the results obtained in
the development of the new modification of the process chart of block caving
geotechnology with vibration ore drawing for safe and sustainable development of
underground mining of chromite deposits, ensuring an increase in the production
capacity of blocks at deep horizons of the “10th Anniversary of Independence of
Kazakhstan” mine of the Don mining and processing plant and the 1.5 and 2.0
increase in the productivity of the operating block.

The necessary analysis of technical characteristics helps to select vibratory
vehicles used for the ore drawing under the artificial stope sill during the
development of chromite reserves using the block caving geotechnology by means
of high-performance vibratory loading and hauling equipment.

The obtained results will be used in testing the block caving technology and
vibration ore drawing, which ensures increased productivity in the mine blocks
at deep levels of the DNK mine of the Don mining and processing plant of JSC
“Transnational company Kazchrome”.

Today, the issues related to the efficient use of underground mining systems and
exploitation of chrome reserves with due account for the mining, geological and
mining technical features of deep mine horizons, remain urgent, and this requires
the solution of a number of scientific and practical problems related to determining
rational design parameters and optimal technological solutions.

Research materials and methods

The mining conditions of the chromite deposit development are classified as
very complex due to the instability and high fracturing of the ores and host rocks
developed by the DNK mine and are characterized by a strength coefficient of the
host rocks of about 8+10, and that of the ores — 6+8. Moreover, due to structural
weakening and the phenomenon of the extensive scale effect, the strength coefficient
of the ores and rocks does not actually exceed 4-6.

These properties of the rock mass create certain conditions for the use of the
block caving. However, the instability and tendency to uncontrolled caving are
the source of constant strong manifestation of rock pressure during all mining
operations at the mines of the Don mining and processing plant. In most cases, the
supports of development workings and stopes, even despite double support, get
destroyed and go out of order long before the completion of the mining.

With all its advantages in terms of maximum production capacity and the lowest
cost, the use of the block caving technology in the mines of the Don mining and
processing plant is a forced technical solution for underground mining of chromites.

The work on the selection of technological options for developing the deposit,
finding ways to overcome the negative aspects of mining and geological conditions
and increasing the overall efficiency of underground chromite mining has been
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performed by many Institutes and laboratories — the Mining Institute after the D.A.
Kunayev, the Mining Institute of the Ural Branch of the Russian Academy of
Sciences, the Ust-Kamenogorsk Institute “KAZGIPROTSVETMET”, the
VIOGEM and VSEGINGEDO Institutes, as well as the plant’s own research group.
These studies have produced the expected results and have met the requirements in
the relevant periods (Lushniko, et al, 2013; Neverov, et al, 2003).

However, today there are pressing problems in the development of chromite
deposits of the Kempirsay field, which are mined using the underground method at
the DNK mine:

- a high degree of structural disturbance of the rock mass of the Don chromite
deposits has been established, where 4 main systems of cracks with an intensity
of 3 to 20 per linear meter and spatial orientation have been identified. As the
development goes deeper, no significant positive changes in these indicators
have been established that allows the use of the block caving technology in the
development of lower horizons and adjacent deposits;

- based on the identified qualitative and quantitative indicators of the rock mass,
taking into account the influence of geotechnological factors, the Don chromite ore
mass is classified as the lowest fifth category of stability;

- for safe mining operations and the balance of the main technological processes
in the system of development with block caving, the preferred type of support in
the mine is a three-layer support with prefabricated metal support made of special
profiles SVP-27;

- the VNIITsvetmet Institute is performing experimental industrial testing of
the development system with downward layer cut-and-fill mining;

- further underground mining of chromites and expansion of production
capacity at the mines of the Don mining and processing plant are associated with
the involvement of deeper deposits of the Kempirsay field into the operation.

In this regard, the transition to greater depths entails exaggeration of mining
conditions, mainly geomechanical but also technological. This, in turn, causes
new difficulties in ensuring safe working conditions, has an even more negative
impact on the labor intensity and on the quality and completeness of extraction,
and ultimately entails an increase in the cost of production (Eremenko, et al, 2016;
Eremenko, et al, 2015; Analysis of the possibility No. 04-3.1.4-9-52 2019).

Based on the current real situation related to the development of chromite
reserves, we propose the new modification of the process chart of the block caving
geotechnology with vibratory ore drawing for the safe and sustainable development
of underground mining of chromite deposits. The modification will ensure the
solution of an urgent production and technical problem and increase the production
capacity of blocks by more than 1.5-2.0 times in complex mining and geomechanical
conditions at deep horizons of the DNK mine of the Don mining and processing
plant using high-performance vibration units installed under artificial technological
structures of the stope sill (Eremenko, et al, 2016; Tishkov, 2018; Couto, et al,
2018).
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Results of the experiments

The idea of the proposed development is that within the level of underground
mining operations, for the application of the new modification of the process chart for
the development of ore deposits using the block caving geotechnology, the process
chart is used in combination with vibratory ore drawing under the artificial stope sill
(Figure 1 - a, b, ¢). A technological structure of a sill pillar is constructed in the form
of a funnel using reinforced concrete backfill mass in layers, and is located above
and between the haulage roadways using high-performance self-propelled drilling
and loading and hauling machines. This ensures safe and sustainable development
of chromite reserves with a 1.5-2.0 increase in the production capacity of the block
by installing adaptive high-performance vibration feeders in the artificial discharge
chamber of the stope sill. The chamber is made of reinforced concrete backfill at the
draw level at the deep horizons of the DNK mine of the Don mining and processing
plant, from where the drawn ore mass is transported from the production block by
means of mine electric locomotives to the hauling shaft.

In order to ensure the 1.5-2.0 increase in the completeness of underground
mining of chromites in the given mining and technical conditions at deep horizons
of the DNK mine, in accordance with the above concept of the proposed block
caving geotechnology with vibratory ore drawing under the artificial stope sill, it is
necessary to perform the underground mining operations in the block section in the
following directions:

- Performing mining operations to prepare the block.

- Driving the workings to create a technological structure of the artificial stope
sill made of layers of reinforced concrete backfill above and between pillars located
respectively under and between the haulage roadways, as well as an artificial
structure of a chamber with a vibration feeder associated with the haulage roadway;

- Driving the haulage roadway and connecting the artificial chamber in order to
install the vibration feeder.

£ g

Figure 1a. The plan of the proposed block caving geotechnology with the new modification of the
process chart for chromite mining in combination with vibratory ore drawing under the artificial
stope sill at deep levels of the mine.
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Bk

Figure 1b. Section along B-b line of the proposed block caving geotechnology with the new
modification of the process chart for chromite mining in combination with vibratory ore drawing
under the artificial stope sill at deep mine levels.

B-B

Figure 1c. Section along B-B line of the proposed block caving geotechnology with the
new modification of the process chart for chromite mining in combination with vibratory
ore drawing under the artificial stope sill at deep mine levels.

To this end, according to the sequence of mining of the reserves of the Almaz-
Zhemchuzhina deposit from the 480 m horizon, first of all, to prepare the block we
need to drive a haulage roadway from the southwestern drift and hole it through
the southeastern drift (Figure 1a, b, c). After that, from the ventilation drift, it is
necessary to drive a haulage roadway to the border of a safety pillar, then to drive
a main opening above the haulage roadway. At the same time, the air flow onto the
upper haulage roadway in this section goes through the ventilation and manway
raise, which is connected in this area of the block. From the haulage roadway it
is necessary to drive two workings: one will serve to lift the material, the second
will be a manway raise. All exhaust air will go through the haulage roadway
(Bekbergenov, 2017; Imansakipova, et al, 2020).

In this regard, with the use of high-performance self-propelled drilling
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plants and loading and hauling equipment at the stages of road heading for the
construction of artificial workings, at the undercut level it is also possible to use
self-propelled equipment with due account for the recommendations of the Don
mining and processing plant. At the same time, at the undercut level, a stope drift
is driven using self-propelled equipment with one drill drift, and fan holes are
drilled with self-propelled drilling plants in both directions at the height of 10-15
m in order to reduce the preparatory development operations. In this regard, it is
necessary to do additional research on the selection and rationale of technological
parameters and the corresponding self-propelled equipment in the geological and
mining-technological conditions of the DNK mine, and of a technological solution
to optimize the drilling and blasting for breaking the undercut rock mass in the
production block.

The proposed process chart of the block caving geotechnology with vibration
ore drawing under the artificial stope sill in the form of a 3D model is represented
in Figure 2.

In conclusion, it should be noted that according to the proposed new modification
of the process chart using the block caving geotechnology with vibration ore
drawing under the artificial stope sill (which ensures a 1.5-2.0 increase in production
capacity during underground mining of chromite reserves), after breaking the
undercut volume of ore, it is drawn and delivered using high-performance adaptive
vibration units from the chamber with the vibration feeder. The units are located
just above the level of a mine car, into which the drawn ore mass is loaded for
further transportation by electric locomotives and delivered to the skip shaft of the
DNK mine of the Don mining and processing plant and then onto the surface.

Figure 2. The proposed design of the process chart of the block caving geotechnology with vibration
ore drawing under the artificial stope sill in the form of a 3D model

Discussion of the experimental results
Today, vibratory haulage vehicles are used at underground mines in the CIS
countries and abroad: the “Molybden” mine of the Tyrnauz plant, in the mines of
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Siberia (Abakan, Kaz, Tashtagol, Sheregesh), in the KM A mine after Gubkin, in the
iron ore mines of Ural, Ukraine, in the Kryvbas basin as well as in the underground
non-ferrous mines in Russia and Kazakhstan: “Altai” Ltd., “Kazzinc”, Irtysh
and Ridder-Sokolny polymetallic complex, at the apatite-nepheline mine of the
Kola Peninsula, Kirovsk and the “Molodezhnaya” mine of the Don mining and
processing plant (Xu, et al, 2023; Zhou, et al, 2022; Tishkov, 2018; Couto, 2018).
At these mines, to increase productivity and safety during the ore drawing,
vibrating machines have been used installed in the chambers for vibration feeders of
the stope sill, as illustrated below in Figure 3 and exemplified in the Sheregesh mine.

Fuauseis

= fondwaye for vibration feeders

Hanlags erodscil

Figure 3. Design of the base for VDPU-4TM vibration ore drawing in the conditions of
the Sheregesh mine

Based on the data analysis and the technical characteristics of vibrating units used
in the mines of the CIS countries and Kazakhstan, the types of vibrating machines
mainly used are VDPU-4M, VDPU M-6, VVDR-5 with the corresponding technical
productivity: 250-400, 300-600 and 500-900 tons per hour. At the same time, the
main parameter of the production block is the ore drawing productivity when using
the geotechnologies during underground mining of mineral deposits.

Analyzing the practical experience of using high-performance machines, it
is possible to say that the most widely used vibration unit for the ore drawing is
VDPU-4TM created by the Mining Institute of the Siberian Branch of the USSR
Academy of Sciences (Bekbergenov, 2017, Analysis of the possibility No. 04-
3.1.4-9-52 date 2019, No. 03-23-21-747 date 2019).

The advantages include the relatively low cost and simplicity of design, which
allows to manufacture the units at machinery repair shops of mining enterprises,
their ability to work in difficult conditions under bulk ore and the possibility to load
the ore of almost any strength and size. It is possible to crush oversized pieces of
ore using all methods, including blasting with pressure charges. The appropriate
volume of ore drawing by one unit is at least 30 thousand tons.

Among the disadvantages, it should be noted that as the mining goes deeper
and the rock pressure increases, the use of VDPU-4TM units becomes difficult or
its efficiency decreases, since their angle must be 18-20°, which entails loss of ore
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reserves as well as the need for additional tunneling work in accordance with safety
requirements (Conclusion on mining No. 03-23-21-747 date2009; No. 03-23-21-
691 date 2009; Final report for 2022).

Summarizing the analysis of the effective use of geotechnology with vibratory
ore drawing in underground mines of the CIS and in Kazakhstan (Eremenko,
et al, 2016; Imansakipova, et al, 2020), which ensures high productivity of the
mining system in terms of ore drawing, we select the adaptive vibratory VPDU-4M
haulage vehicle for trial use in production conditions according to the proposed
block caving geotechnology with vibration ore drawing under the artificial stope
sill for mining chromite reserves in difficult mining conditions at the deep levels of
the DNK mine.

The rock mass is composed of metamorphic rocks, which are divided into two
sections according to its composition and properties. To a depth of 910 m, the
rock mass is composed mainly of amphibolites, including gabbro-amphibolites.
The rocks are fractured, but in most cases have quartz-siliceous fracture filler, the
internal friction angle of which is 30-42° (¢ = 32°); adhesion 2.4 - 4.5 MPa (C =
3.1 MPa).

At a depth of 800-1,000 m, serpentinites occur (dunite, amphibolite, peridotite).
The rocks are fractured. According to the VIOGEM Institute, three groups of
rocks can be distinguished in this section based on the physical and chemical
characteristics of fracture fillers: talc-mica filler: ¢ = 17-44° (¢ = 33°); C=0.45-3.1
MPa (C = 19 MPa); serpentinite with slip planes: ¢ =20-43° (¢ = 350); serpentinite:
¢ =30-44° (p = 35°); C = 1.8-9.6 MPa (C = 6 MPa).

In serpentinites and serpentinized rocks at a depth of 800-1,000 m, due to
the concentration of stresses around the workings, a zone of disturbed rocks is
formed. Rock disturbance is accompanied by movements and opening of cracks,
which leads to a sharp decrease in the deformation modulus of the rock mass and,
accordingly, to an increase in loads on the mine workings (Conclusion on mining
No. 04-3.1.4-9-204 dated 11.07.2019, No. 03-23-21-747, dated 2009).

Table 1. Mechanical properties and characteristics of rocks

Layer y, '10*MH | o, 0, | &,

number Rock H,m M’ | MPa | degree | hPa Vo

I Medu.lm a}nd slightly fractured gabbro- 200 |29 219 |41 150 1029
amphibolites

1T Medium fractured serpentinites 900 |2.55 15.4 |33 9.0 [0.31

111 Slightly fractured serpentinites 1000 |2.64 25.3 |40 14.0 |0.3

Table 1 shows the mechanical characteristics of rocks in the undeformed and
unwetted state. It is important to understand that when rocks are deformed and
moistened during roadheading, first of all the characteristics of crack fillers change.
This is especially true of ultrabasic rocks —serpentinites — at a depth of 800+1,000m.
Due to the moistening of the rocks as a result of the water influx into the working,
the characteristics of crack fillers, and therefore the rock mass surrounding the
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working, change sharply: the angle of internal friction decreases from 35-40 to 17-
20°, adhesion decreases from 4-6 to 0.8-1.5 MPa, which is accompanied by crack
opening. Accordingly, the rock strength decreases, and a zone of destroyed rocks
is formed around the working, a radius of which increases as the rocks moistening
continues. This process leads to a sharp decrease in the deformation modulus of the
surroundingrocks, whichresultsintheincreaseinsupportpressureloads,ifthereisany.

The rock masses were classified by such scientists as M.M. Protodyakonov (f),
N.S. Bulychev (S), D. Deere (RQD), L. Muller, D. Franklin, K. Terzaghi, R. Lin,
D. Lunde, N. Barton (Q), Z. Bieniawski (RMR), M. Roman (SMR), D. Laubscher
(MRMR), P. Terbrugge, A. Haines and others (Conclusion on mining No. 04-3.1.4-
9-204 dated 11.07.2019).

D. Laubscher’s rating classification (MRMR - Mining Rock Mass Rating) in
world practice is considered to be the most multifunctional and practical. Based
on the data from this classification, it is possible to make a preliminary calculation
of pillars’ stability, a diagram of possible collapse zones, a timbering design, etc.
(Final report for 2022).

In general, the algorithm for determining the rock mass rating according to
this classification can be presented in the form of a flow diagram. The MRMR
consists of in-situ ratings (IRMR) with due account for the strength characteristics
of the rock mass, quantitative and qualitative characteristics of fracturing, which,
in turn, is multiplied by correction factors reflecting the degree of rock weathering,
the orientation of cracks in the rock mass, parameters of the stress state, and
hydrogeological conditions.

According to SNiP-11-94-80 (construction rules and regulations), the stability
of a haulage roadway is assessed by the value of rock displacement on the cross-
sectional outline of the haulage roadway over its entire service life without
support. Depending on the displacement value, rocks are divided into four stability
categories.

Riads o caliitating 15 koad o 1R P lbgs roadway

pocording to the physicsl snd mechanics] properties of rocks

Vertical load from rocks

Homrontal load from rocks

Figure 4. Results of calculating the load on the haulage roadway according to the physical and
mechanical properties of rocks
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RFesults of calculating the load of rocks on the haulage
- roachway according to the physical and mechanical properties
of the reiniorced concrete [E25),

\

L]
1

L - —= Vertical load from rocks
« Horizontal load from rocks

(] T i [T ar s i o 51

Figure 5. Results of calculating the load of rocks on the haulage roadway according to the
physical and mechanical properties of the reinforced concrete (B25).
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Figure 6. Comparative diagram of rock load on the haulage roadway
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The calculation results and constructed comparative graphs show that the
proposed design of the artificial stope sill is 40-50% more stable for vertical loads
and 36% more stable for horizontal loads compared to the natural environment of
the rock mass. Figures 4-6 show the zone of load distribution.
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Resultx of calculating the displscement of rocks in the
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Results of calculating the displacement of rocks in the haulage roadway according to the
physical and mechanical properties of the reinforced concrete (B25)
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Comparative diagram of rock displscement in the haulage
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Figure 9. Comparative diagram of rock displacement in the haulage roadway

The results of calculating the possible displacement of the structure emphasize
the advantage of the proposed design of the artificial stope sill. The displacement
is 36% less in the vertical directions and 36% less in the horizontal directions
compared to the natural environment of the rock mass. Figures 7-12 show the
maximum and minimum displacements of the two options.

BERUBERNUE 5

,
B

Figure 10. Stress-strain state of the proposed vibration feeder structure under the artificial mass
at a depth of 800m (on the left side)
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£33

Figure 11. Stress-strain state of the proposed vibration feeder structure under the artificial
mass at a depth of 900m (on the left side)

Figure 12. Stress-strain state of the proposed vibration feeder structure under the artificial
mass at a depth of 1,000m (on the left side)

Conclusions

The research of the block caving geotechnology with vibration ore drawing
for the safe and sustainable development of underground mining of chromite
deposits ensures the solution of the urgent production and technical problem and
the increase in the production capacity of blocks by more than 1.5-2.0 times in
complex mining and geomechanical conditions at deep horizons of the DNK mine
of the Don mining and processing plant using high-performance vibration units
installed under artificial technological structures of the stope sill.

This geotechnology facilitates underground mining of chromites with increased
block productivity by more than 1.5-2.0 times in the given mining conditions at the
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deep levels of the DNK mine. The pilot tests in production conditions on the selected
experimental block of the mine ensure the solution of a scientific, technological,
social, economic and pressing technical problem and the increase in the production
capacity of the blocks by more than 1.5-2.0 times in complex mining and technical
conditions of the deep DNK mine.

Outlooks
The calculation results and constructed comparative graphs show that the
proposed design of the artificial stope sill is 40-50% more stable for vertical loads
and 36% more stable for horizontal loads compared to the natural environment of
the rock mass. Therefore, this design has advantages and is proposed as an artificial
stope sill.
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