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AnHotanusi: OG0CHOBaHA aKTyaJbHOCTh HCCIEIOBAHUN XapakTepa MehOpMUPOBaHU MaTepraia Ha (PU3HIECKUX
MOJIEISX, SKBUBAJICHTHBIX TOPHBIM MOpoaaM. [yl BBISIBICHUS 3aBHCUMOCTEH M 3aKOHOMEPHOCTEH neopMupoBa-
HUSl HEYCTOWYMBBIX TOPHBIX TMOPOJ B OKPECTHOCTH COTIPSHKEHUN TOPHBIX BRIPAOOTOK pa3paboTaHa M MpeAcTaBiIeHa
METOJMKa SKCIIEPUMEHTAIEHOTO UCCliefioBaHUsA. B pabore OBLT MpUHAT METOJ (PH3MUECKOTO MOJEIHPOBAHUS Ha
9KBUBAJICHTHBIX MaTepHuanax. PaccunTanbl MPOYHOCTHBIE XapaKTEPUCTUKH SKBUBAIEHTHOTO MaTepHrala I uccle-
JIyeMbIX mopoz 1o gopmysiam, npeanoxkeHHbiM [.H. Ky3HenoBsiM. DKBUBaJICHTHBIH MaTepHall BHIOpAH U3 JIBYX
COCTaBISIONMX — Necka u napaduHa. [lomobpaHa pemenTtypa cocTaBa CMECH W ONPEACIICHBI MPEAEIbl IPOIHOCTH
SKBHBAJICHTHOTO MaTepHaja MpH C)KATHU. DKCIIEPUMEHT TPOBOIMICS AJIS TPEX BAPUAHTOB (DH3MUECKUX MOJIEIEH:
HETPOHYTOTO MacCHBa TOPHBIX MOPOJ, MAaCCHBA C OJMHOYHOW TOPHOH BBIPAOOTKONH M MacCHBa C CONpPSDKEHHEM
TOPHBIX BBIPAOOTOK. VcmbITaHMs MoJenel n3 3KBUBAJIEHTHOTO MaTepHasa MPOBOAMIUCH ITyTeM OJHOOCHOTO Bep-
TUKaJBbHOTO HATPYKEHUS TPH ITOMOIIM THIpaBINYecKoro npecca. [lo pe3ynbrataM BCTbITaHAS MOJENEH U3 IKBU-
BAJICHTHOI'O MaTCpuajia MpcaCTaBjICHa AMHAMUKA pa3BUTHUA TPCUIUMH U PAa3pYyHICHUA BMCIIAIOMICTO S5KBUBAJICHTHOI'O
MaTepuaia B OKPECTHOCTH MCKYCCTBEHHOM IMOJIOCTH, UMUTHPYIOIIEH TOPHYIO BhIPAOOTKY. Takke MONYy4EHBI rpa-
(hvKH 3aBUCHMOCTH OTHOCHTENFHBIX Je(OopMaluii OT BEPTUKATHHON HArpy3KH JIJIs KaXKIOTO TOATAITHOTO Harpyxke-
HUsl Tpéx Mozenei. [IpoBeseHa oleHKa pe3ynbTaToB Qu3myeckoro moxaenupoBanus napamerpoB HJIC skBuBa-
JICHTHOT'O MaTepHaja BOKPYT MOJOCTEeH, UMUTUPYIOIIUX CONPSDKEHHS TOPHBIX BeIpaboTok. [lomyueHHbie pe3ynbra-
THI Ae(OPMHUPOBAHHS MAaTEPUAIOB, SKBHBAJICHTHBIX TOPHBIM MOPOJIaM, MPEIOIaraeTcsi UCIOIb30BaTh B KAYECTBE
WCXOJHBIX JTaHHBIX MPH TECTUPOBAHUM PE3YJIbTATOB (DH3MUECKOTO W YHCIEHHOTO MOJIEITHUPOBAHUS, a TaKXkKe MpU
pa3paboTKe TEXHUYECKOW JIOKYMEHTAI[MH B YacTH BBHIOOpA MapaMeTpOB KPETJICHUS CONPSsDKEHHI TOPHBIX BBIPAOO-
TOK.

KaroueBblie cioBa: Qpu3nueckoe MOACINPOBAHKE, CTEH]I, TOPHBIE ITOPOJbI, OTHOCUTENIbHBIE J1eOpMaLliK, BEPTH-
KaJbHasl Harpy3Ka, SKBUBAJIICHTHBIA MaTepHal, KPUTEPUI MOJ00HsI, MOJIEIh, MeTON (oTOQUKCAIHH.

Hnsa nutupoBanus: bacos B. B. VMccnegoBanne reoMeXaHM4YECKOIO COCTOSIHUSA HEYCTOMYMBBIX MOPOJ B OKPECTHO-
CTH CONPSDKEHUI TOPHBIX BBIPAOOTOK. [ opubie nayku u mexuoroeuu. 2019;4(1):23-30. DOI: 10.17073/2500-0632-
2019-1-23-30.
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Abstract: The relevance of research of material strain nature based on physical models equivalent to rocks is sub-
stantiated. To identify the dependencies and mechanism of unstable rock strain in the vicinity of mine working
junctions, an experimental technique has been developed and presented. The method of physical modeling using
equivalent materials was applied in the research. Strength characteristics of the rock equivalent material were cal-
culated using the formulas proposed by G.N. Kuznetsov. The equivalent material was prepared based on two com-
ponents, sand and paraffin. The mix formulation was selected, and ultimate compressive strength of the equivalent
material was determined. The experiment was performed for three options of the physical models: an intact rock
mass, a rock mass with a single mine working, and a rock mass with mine working junctions. Testing of the models
made of the equivalent material was performed through uniaxial vertical loading using a hydraulic press. Based on
the model testing findings, the dynamics of fracture propagation and crushing of the enclosing equivalent material
in the vicinity of an artificial cavity, simulating a mine working, has been demonstrated. Besides, the graphs of
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relative strain versus vertical loading for each stage of the stepwise loading of these three model options were pro-
duced. The findings of the strain-stress distribution modeling for the equivalent material around the cavities simu-
lating mine working junctions were analyzed. The strain testing findings for the materials simulating rock behavior
are expected to be used as the initial data for analysis of physical and numerical simulation, as well as for develop-
ing engineering documentation with regard to the selection of parameters for supporting mine working junctions.

Keywords: physical modeling, testing device, rocks, relative strains, vertical load, equivalent material, similarity

criterion, model, method of photographic evidence.
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BBenenue

B HacTosiee BpeMs Ha YroiabHBIX IIAXTax
IPY CKOPOCTH TIOABUTAHMSI OYMCTHBIX 3a00€B /10
300 M B wMecsI CcIepKUBAIOMKAM  (pakTopom
SIBIISIIOTCSL TEMITBI CTPOUTENBCTBA OJITOTOBH-
TEJbHBIX BBIPAOOTOK U UX comnpsikeHuil. OCHOB-
HbIMU  (aKTOpaMH, HEraTUBHO BIUSIOLIUMU
Ha CKOpPOCTbH MPOBEJICHUSI BBIPAOOTOK, SIBIISIFOTCS
npocTon 3a00eB, CBS3aHHBIE C pa3pylLICHUEM
VJIOJIbHBIX  IIETUKOB, OOpYIIEHHEM  TOPOJ
KpoBau U OokoB BeIpaGoTkm [4, 5, 12, 13].
B mpenenax BRIEMOYHOTO y4acTKa KOMILIEKCHO-
MEXaHU3UPOBAHHOTO ouucTHOTO 3a00s (KM3)
KOJIMYECTBO CONPSDKEHUH IMOJITOTOBUTEIBHBIX
BbIpaboTok mocturaet 40, 6onee 80 % KOTOPBIX
HOJBEPratoTCs BIUSHHUIO Beca IMOAPaO0TaHHBIX
OYHUCTHBIM 3a00eM nopoAa Kposiu [16].

ConpsiKeHUs: TOPHBIX BBIPAOOTOK SIBJISIOT-
Csl OJIHUM M3 CJOXHBIX OOBEKTOB Ha IlIaXTax U
pynaukax. OJHAKO METONIBI OIEHKH HMX YCTOMH-
YUBOCTH HE Bcerma oOecneunBaroT Oe30IacHoe
OKCIUTYaTallMOHHOE COCTOSIHUE BBIPAOOTOK, TaK
Kak HE TIOJHOCTHIO YUYUTHIBAETCS MHOKECTBO
¢daxTopoB: HOpMBI U pazMepsl CONMPSHKEHUH BbI-
paboOTOK, CTPOCHHE 3aJIeKH, CBOMCTBA OOKOBBIX
nopoxa u ap. [2, 3,4, 7].

OcCHOBHBIE BH[BI MPOCTOEB BBHIABICHBI Ha
COTIPSDKEHUHM OYMCTHOTO 320051 M BBIEMOYHBIX
BBIPAOOTOK, YTO CBSI3aHO C HEOOXOIMMOCTHIO

YCTaHOBKHM KpPEMU YCUJICHUS, YIIPOYHEHHUS BMe-
HIAIOIINX TOPOJI, JIMKBUAALUU KYIIOJIOB U BhIBa-
JIOB U JIp.

B 51Ol CBSI3M aKTyalbHBIM SIBJIAETCS MC-
CJIEJOBaHHE T€OMEXAHUYECKOI'O COCTOSHUS He-
YCTOWUYHUBBIX IOPOJ B OKPECTHOCTH COIPSYKEHUN
TOPHBIX BBIPAOOTOK C MEbl0 O0eCHedeHus UxX
0e3aBapHifHON PKCILTyaTalllu.

Jlnsa pemienust 3Toi 3agaun TpeOyeTcs BbI-
SIBJICHUE 3aBHCUMOCTEH M 3aKOHOMEPHOCTEH Jie-
(hopMUpOBaHUS HEYCTOMYUBBIX TOPHBIX MOPOJ] B
OKPECTHOCTH COMPSIKEHUM TOPHBIX BBIPAOOTOK.
OTO MO3BOJIUT HA CTaJUU Pa3padOTKU MPOEKT-
HOW JTOKYMEHTAIlMW MPUHATH PEIIeHUs, o0ecrie-
YUBAIOIINE YCTOWYUBOCTH BMEMIAIONIUX TOPO/T
Ha CONPSDKEHUU TOPHBIX BBIPAOOTOK, CHIKEHUE
MIPOCTOEB OUYMCTHBIX 3a00€B U cobOtoeHue 0e3-
OMAacHBIX YCIOBUU TpY/a.

Lenbro HacCTOSAIETO UCCAEAOBAHUS SBISAET-
csi pa3paboTka METOUKA 0O0OCHOBAHHUS TTapaMeT-
POB Kpemnu TMOJI3€MHBIX TOPHBIX BBIPAOOTOK Ha
COTIPSDKEHUSIX TIPU OTPAOOTKE YrOJbHBIX TIACTOB
C HEYCTOMYUBBIMH BMEIIAIOIIMMHU TTOPOIAMHU.

Jns nocTuKeHus: MOCTAaBIEHHOW LMW Ha
MIEPBOM JTare UCCIEAOBAHMS METOJIOM (H3Ude-
CKOT'O MOJIEIMPOBAHUS PeIlieHa 33/1a4a: BbISBIICHA
3aBUCUMOCTh Ae()OpMUPOBAaHUS IKBUBAIIEHTHOTO
Matepuaia (OM) B OKpeCTHOCTH TOJIOCTEH, NUMH-

THPYIOIINX COIPSKEHUS TOPHBIX BI)Ipa6OTOK.
Taoauna 1

Tunel u cBoiicTBa MoAeIMPYyeEMBbIX NOPOJ

Types and properties of simulated rocks

Tun noposl

[Ipenen npounoctu mpu
cxxatu o, MIla

OGBbeMHast Macca IOPOJ Yy, KI/M°

ANeBpOJIUT 40

2500

Vroas 8,2

1200
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MeTtoauka »JKCHEPUMEHTAJBHOIO MHC-
cJIe/I0BAHHA

Jns uccnenoBanuss ObUT NPHHAT METOJ
(GU3UIEeCKOro MOJEIMPOBAHMS, KOTOPBIA MO3BO-
JSIET COKPATHTh BPeMs U 3aTPaThl, HEOOXOIUMBIE
JUISL BBISBJICHUS 3aBUCHUMOCTEH JedopMUpOBa-
HUSl HKBUBAJICHTHOTO MarepHajia B OKPECTHOCTH
MOJIOCTEH, UMUTHUPYIOIIUX COMPSIKEHUS TOPHBIX
BBIpaboOTOK [6, 7, 8, 11].

Tumsl U CBOMCTBA MOJEIUPYEMBIX MOPOJ,
a TaKke PU3UKO-MEXaHnYeCKue mapameTpsl OM,
yIIOBJIETBOpSIIOIIME KpuTepusim monobust [10],
MpeACTaBICHBI B Ta0M. 1, 2.

B cootBercTBuM ¢ Tabn. 1 ObIH paccuuTa-
HBI TIPOYHOCTHBIE XaPAaKTEPUCTUKU SKBHUBAJICHT-
HOTO MarepHaia A KaxAaod moponsl mo ¢op-
Myiam, npeioxeHHbim I H. Ky3uenossim [10].

[IpouHocTHBIE XapaKTEpUCTUKHU TpeOyeMo-
ro MaTepuaia, YJKBUBAJICHTHOTO FOPHOU MOpPOJIE,
OTPEAEISINCH U3 BBIPAXKEHUS

/
GH‘{.C:(RC)M :z.z/_M(RC)H’ (1)

rae G,,.=(R.), — npenen npouHOCTH MpH CiKa-

TUHW SKBUBAJICHTHOT'O MATCpHUaJia;

(RC )H — TpeaeN MPOYHOCTH TMPHU CHKATUU

HATyPHBIX 00PA3IOB MOPOJIBI;

[ oo
z — JTAHEHHBIM MacIuTad MOJCIIN,

Y, — OOBEMHasi Macca MaTepuana,;
Y, — 00beMHas Macca Iopo/.

O0beMHas Macca Marepualia MOJAEIH pac-
CUMTBIBAJIACh 1O popmyrie:

Yy =067, ()
OKBUBAJICHTHBII MaTepuall BBIOpaH U3
JIBYX COCTaBIJIIOLIMX — Tecka U napaguna. Mc-
MOJIb30BAJICSL KBApIIEBBIM IECOK C JUAMETPOM
3epen 0,30-0,16 mm. Ilapadun mnpumeHsIICS
texnuueckuid CTO 00148636-004-2007.
B cooTBercTBUU C pe3ynbTaTaMu pacueTa
Y TIPOBEJCHHBIX HCIBITAHUNA OOpa3OB MPH I0-
MOIIM THIPABIUYECKOTO TIpecca «A3HMYyT»
BII-29, Oputa momoOpaHa perenTtypa cocTaBa
CMECH W OIpPENEeICHbI MpeAeiabl MPOYHOCTH K-
BUBAJEHTHOT'O MaTepualia MpH CKATHH, COOTBET-
CTBYIOILIME YTIIIO U aJeBPOIUTY (Tadu. 2).
Jns mpoBeneHus (PU3NYECKOTO MOJIEIUPO-
BaHUA OB pazpabotaH creHp (puc. 1) [9, 14].

Taoauna 2

Du3nKo-MexaHnyeckue napamerposl IM

Physical and mechanical parameters of the EM

MonenupyeMslil TUI IOPOA,

DU3NKO-MEXaHMUECKUE NTapaMeTphI

AJIeBPOJINT (KPOBJIS-NIOYBA)

yroJb (T1acT)

CocTaB KOMIOHEHTOB DM

necok+mapadus (97 : 3)

necok+mnapaduH+KpacuTesb
(98,52 : 1,48)

YcnoBust nepememuBanus OM

¢ mogorpesom jo 140 °C

JlabopatopHslit ipeen npouHocTd OM oy, 0,24 0,10
MIla
Mognyns nepopmannu OM E,; MIla 25 15

=
g

K
o
o
S

0,15

5

JNasiaenue P, kH

«//\ —

0 0,01 0,02 0,03 0,04
OtHocuTebHbIE IepopManun &

Mogens —> ®oTtoannapat ——> Hoyt6yk (Excel) =——> Ipaduku sasucumocTei

Puc. 1. Crena nisi pu3N4eCKOro MoieJIMPOBaHUS

Fig. 1. Stand for physical modeling

CBOMCTBA I'OPHBIX IIOPO/I. TEOMEXAHUKA U TEO®U3UKA




% FOPHBIE HAYKW
"

TOM 4, N2 1 (2019)

HaumoHansHs
TEXHONOrYeC

MINING SCIENCE AND TECHNOLOGY

The experiment was performed for three options of physical models made of equivalent material (Fig. 2):
a) model 1 — an intact rock mass; b) model 2 - a rock mass including a single mine working;
¢) model 3 - a rock mass with a mine working junction

6)
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Puc. 2. Cxembl MoaeJieii 1Jis1 pu3nueckoro MoaeJJMpoOBAHMSA:
a — MoZeTh | HeTPOHYTHIH MacCUB TOPHBIX MOPOJ; 6 — MOJIENb 2 MacCHB C OIMHOYHOM TOPHOH BRIPaOOTKO;
6 — MOJIENIb 3 MAaCCUB C CONPSDKEHHEM FOPHBIX BBIPA0OTOK

Fig. 2. Schematics of the models for physical modeling:
a —model 1, an intact rock mass; » — model 2, a rock mass including a single mine working; ¢ — model 3, a rock mass with a
mine working junction

3,5 A
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—°—Mopenb | — HETpOHYTHIH MacCHB
—>—Moeib 2 — MaccuB ¢ OAMHOYHOH FTOPHOI BBIPaOOTKOI
——Monens 3 — MacCHB ¢ COMPsHDKEHUEM T'OPHBIX BBIPAOOTOK
Puc. 3. 'paduku HanpsizkeHUs1 — OTHOCUTEIbHbIE JeopMaluy IKBUBAJEHTHOT0 MaTepuajia Gu3nyeckux Mojeei

Fig. 3. The graphs of relative strain versus stress for the equivalent material (EM) of the physical models
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Puc. 4. Cxema nedpopmupoBanusi IM (HETPOHYTHI MacCHB)

Fig. 4. Seam EM deformation schematic — intact rock mass
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Puc. 5. Cxema gepopmMupoBaHust mjiacra ¢ OAMHOYHON rOpHOM BblpaﬁoTxon

Fig. 5. Seam EM deformation schematic — rock mass including a single mine working
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Puc. 6. Cxema gepopMupoBaHus IJIACTA NPH NepecedyeHUH BbLIPA00TOK

Fig. 6. Seam EM deformation schematic — rock mass with a mine working junction

DKCTIEpUMEHT TIPOBOMIICS IS TPEX BapH-
AQHTOB (PU3MUYECKUX MOJICIICH M3 SKBUBAICHTHOTO
Matepuaia (puc. 2):

a) MoJenb | — HeTpPOHYTHIII MaccuB Top-
HBIX TIOPO/T;

0) Moaenb 2 — MacCUB C OJIMHOYHOM TOp-
HOU BBIpaOOTKOM;

B) MOJIeTb 3 — MAacCHB C COIpPSIKEHHEM
TOPHBIX BBIPAOOTOK.

Pe3yabTaThl ucciaenoBanus. 1o pesyib-
TaTaM (PU3UIECKOr0 MOJICITHPOBAHUS ITOTYICHBI
BEepPTHKAIbHAS YiCNbHAs Harpy3ka Tpex Moje-
nel, a taxke cienyromue napamerpsl HIAC ak-
BUBAJICHTHOTO MaTepuansa BOKPYr TMOJOCTEH,
UMUTHUPYIOIINX TOPHBIE BBIPAOOTKH: BEPTHUKAIb-
HBIE CMEIICHUS, OTHOCUTENbHBIE eOpMaIiu.

Ha ocHOBaHMM pe3ylbTaTOB HCIIBITAHHS
MoOJIeJIe U3 PKBHBAJICHTHOTO MaTepraia U B CO-
OTBETCTBUU C pekoMmeHpanusamu [15, 18] mo-
CTPOCHBI Tpa)MKH 3aBHCUMOCTH OTHOCHUTEIIBHBIX

nepopManuii - OT  BEPTUKAIBHON  YAENbHOI
Harpysku, IpeCTaBICHHbIE Ha pHC. 3.

Ha ocnoge pa6or [11, 17] oneHka pe3yib-
TaTOB HCCJIEJOBAaHUM NPOBOJAWIACH B CIENYIO-
1IeH OCIIE0BATEIbHOCTH.

IIpu HarpyxeHun Mozaenu | MPOMCXOIUT
obxarme OM, Kkak BHUIHO Ha Tpaduke
(ygactok OD), mociie DM nepexoauT B yrnpyroe
coctosiHue (yyactok DA), mpu mosiBieHUH mep-
BBIX TpPELIMH MOJENb (MacCuB) YIUIOTHSETCH,
Mocjie WHTEHCUBHOTO PAa3BUTHS TPEUIVH B TUIA-
CTe MPOUCXOJIUT €ro BblIaBiIuBaHue (puc. 4, a);
Harpyska paclpeiensieTcsi Ha BbIIIEJIeKalue
cion DM, HauumHaeTcs YNpyro-miacTUyHas Je-
¢dopmarus (ygactok AA|), IpH TEPexojie 30HbI
(Touka Aj) TpPOMCXOAUT pazpymieHue OM
(puc. 4, 6), mocine TOABIEHUS TPEIIUHBI Ha
BEpXHEM CJIo€ (B KPOBJIE) MOACIU MPOUCXOIUT
penakcanys HanpsiKeHH.

[Ipu HarpyxeHun mMoaenu 2, ocaabIeHHON
OJTHUM CKBO3HBIM BBIPE30M (TIOJIOCTbIO MMMTH-
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pPYIOIIYyI0 TOPHYIO BBIPaOOTKY), HaOIIOIaeTCs
MHTCHCUBHOE pa3BUTHE TPEIIMH B IUIacTe
(yaactok DB) ¢ BeimaBnuBanueM OM mo 6okam
TOpHOM BBIPAOOTKH (pHC. 5, a), mocie yero DM,
NOJOOHBI aJIEBPOJIUTY, HPOYHOCTH KOTOPOTO
B 3—5 pa3 Goiblile MPOYHOCTH YTJIsl, IEPEXOTUT B
yIpyro-miacTuuHoe coctosinue (yuactok BB) u
IpU YBEJIMYEHUH BEPTUKAIBHOTO JABIICHUS JO-

nuBaHue OM (YroJsibHbIN IUIACT) C 3aMELEHUEM
MyCTOT Ha MEepeceYeHUU IBYX IOJIOCTEH, B pe-
3y/nbTaTe BEPXHUM U HWKHUH ciioil OM (kpoBisi-
MOYBa) MPAKTUIECKH COMKHYIJIHUCH (puc. 6, a, 0).

BoiBoabl.

1) Meroa ¢u3ndeckoro MoJIeIupOBaHUS
MO3BOJISIET COKPATUTh BPEMsl W 3aTparhbl, HE0O-
XOJIUMBIE JJIs BBISIBICHUS 3aKOHOMEPHOCTEH Jie-
(hopMHUpOBaHUS TIOPOJ] B OKPECTHOCTH COTIPSDKE-

HUM BBIPAOOTOK B HMIAXTHBIX YCIOBHUSX.

2) Tlomy4ennble pe3yiabTaThl AePOPMUPO-
BaHHSA MAaTEpHaJiOB, SKBUBAJCHTHBIX T'OPHBIM
[IOpo/aM, IPEAINONAracTCcsl UCIOIb30BaTh B Ka-
YecTBe HMCXOAHBIX JAaHHBIX MPU TECTUPOBAHUU
Pe3yabTaTOB (PU3UIECKOTO W YHCICHHOTO MOJe-
JTUPOBaHUs, a TaKXKe MpU pa3paboTKe MacrnopToB
KpEIUICHHUS COMPSIKEHUIN TOPHBIX BHIPAOOTOK.

CTHUTaeT Mpe/ieIbHOro cOCTOsIHUS (Touka B1), u B
pe3yiabTaTe paspyuaercs (puc. 5, 0).
Pacnpenenenue nedopmaruit OM,
OCIabJIEHHOTO JIBYMSI TIOJOCTSIMU, UMHUTHPYIO-
MMM COTIPSDKEHHE TOPHBIX BBIPAOOTOK, Mpes-
craBneHo rpadukom 3 (puc. 3). MIHTEeHCUBHOCTH
nehopMUpOBaHUS MaTepuana, SKBUBAJICHTHOTO
VIJII0, B TPETHEH MOJICIH BBIIIE 110 CPABHCHHIO C
MonensiMi 1, 2, TOCKOJBKY MPOU30ILIO BBIAAB-

bubdaunorpaduyecknii cmucok
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