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B cratnaTa ce obocHoBaBa MOHATMETO “YCTONYMBOCT Ha MacuBa’, KOETO Ce 13Mon3Ba kato NPM3HaK 3a knacuduumupaHe YCTONYNBOCTTa Ha KOHTYpa Ha Nof3EMHUTE
13paboTku. PasrnefaHm ca MHXeHepHOreonoXK1Te acnekTy, KOUTO Hail-CUMHO NOBAMSIBAT YCTOAYNBOCTTA Ha MacuBa.

Bb3 ocHoBa Ha HanpaBeHOTO 0BChXAaHe Ha YCTONYMBOCTTA Ha CKanHMS MacuB ce Npeanarat OCHOBHUTE MPUHLMMK, HA KOMTO CrieABa Aa ce nopdutHv usbopa Ha
Tpace, B1AA Ha KPENexXHUTe KOHCTPYKLIMW M TEXHONOrMsiTa Ha npokapeaHe W 3akpensaHe Ha NoA3eMHUTe u3paboTky.

MpokapBaHeTO Ha nof3eMHa W3paboTka € npeausBsu-
KaTencteo KbM MpupodaTa: Cb3gafeHUST B 3eMHaTa Kopa
OTBOP BOAVW 0 MUTHOBEHO 0CBOOOXIABaHe Ha HErOBMS KOHTYP
OT HamnpexeHust U MpoMsiHa Ha PaBHOBECHOTO HamperHato
CbCTOSHME B CKanHWA Macus. [pu onpegdeneHu reonoxku
YCrIOBMSI T€3M MPOMEHM MoraT Aa [OBedaT A0 Cepuo3HM
npoGremu npy NpokapBaHeTo, @ UMEHHO:

e CKarlH¥ yaapu 1 U3cTpenu,

e nporagaHus,

e riofyBaHe U/MnM U3CTUCKBaHE Ha CkanuTe,

*  MPWTOK Ha BOAA: MHTEH3MBEH Kanex, 3aBupsiBaHe, BOAHM
npopwBMy,

e MPOPWBY Ha NMNaBaLyy NACHLM.

OnucanuTe SBNEHUS yBENMYaBaT pasxoauTe 3a NpokapaaHe
W NogbpXaHe, a B Hall-HEMpUATHWTE Cryyau BOLAT A0
YOBELLKM XXEPTBM W IOPW [0 HEBB3MOXHOCT 3a U3MoNi3BaHe Ha
nspaboTkara.

MpenBuKxaaHeTo U NPefoTBPaTABAHETO UMM EBEHTYarHOTO
HamansiBaHe Ha BIUSHWETO Ha M3GpOeHUTe HebnaronpuUsTHU
SBNIEHUS1 MOXe Aa Ce MOCTUTHe B pesynTaT Ha 3afbnooyeHm
WH)XEHEPHOreOMNOXKM 13CNeaBaHNS W NPaBUIHO OLIEHsSIBAHE Ha
nonyyeHata WHGOpMaLMs npu Npoy4YBaHe Ha TpaceTo Ha
Obaeliata noasemHa uspabotka.

B TtepmuHonornsTa Ha nNOA3EMHOTO CTPOMTENCTBO
CblLeCTBYBa MOHATUETO “yCTOMYMB CKaneH Macus’, KOETO
pocera He e fcHO aedwmHupaHo. Cropen asTopuTe NoA
“yCTOMYMB CKaneH macus’ crefpa fa ce pasbupa Macus,
KOWTO OCMrypsBa YCTOMUMBO CBCTOSHME HA KOHTypa Ha
nogsemHa wu3pabotka 6e3 Kkpenmex 3a BpeMeTO Ha
ChblLeCTBYBAHETO M. MHaye Kas3aHO KOHTYpbT € YCTONYMB,
KOraTo MO HEro He Bb3HWKBA OTAENSHE HA CKANMHM KbCOBe,

KaKTo OT CTeHWTe, Taka M OT TaBaHa Ha Vl3pa6OTKaTa nnn
nponagaHua, a KOHBEpPreHunn He morat da Obaar yCTaHOBEHU
C HEBBOPBXKEHO OKO.

Pa3nnyHuTe ckanHu MacuBu Npeanonarat pasnuyHa cTeneH
Ha YCTOMYMBOCT, KOSATO € (DYHKUMS OT  KOHKPETHUTE
WHXXEHEPHOreOMNOXKN 1 TexHuyeckn ycnosus. Ha Tasu basa
aBTOpWTE NpeariaraT CKaHUTE MacuBM Copes YCTONYNBOCTTa
M [a Ce rpynupaT B YETUpU Knaca:

* ycmoliqueu - KakTo Cca xapaktepuauparm no-rope. pu Te3u
YCIOBMS, ako 13paboTk1TE Ca MUHHM, HAlt-4ECTO He Ce KpensT,
a B TYHENNTE KpPEnexbT Ce u3rpaxaa npeasua Heobxooumara
Mno-BUCOKA CTEMEH Ha CUrypHOCT W NO-AbMBbI CPOK Ha
ekcnnoaraums;

* cpedHo ycmolyusu - MacwBW, KOUTO OCUrypsBat
YCTOMYMBOCT Ha KOHTypa 6e3 kpenex 3a nepuog oT Bpeme OT
efHa cegmuua [0 HsKomnko Meceua. Crieq u3TudyaHe Ha TO3W
nepwop OT TaBaHa UNK CTeHUTe Ha u3paboTkaTa ce OTKbCBaT U
nagat Manki o CPeaHOroneMn KbCoBe, cref KoeTo MoraT Aa
nocnegsart Heronemm nponagaHus. Papunannure
KOHBEPreHLMM MO KOHTYpa ca B Nopsabka OT Hyna [o 2 cm. B
TE3M YCMOBMS HAW-4eCTO Ce M3NoN3Ba aHKepeH Kpenex,
npbckaH OETOH, a NpuU TyHENuUTE M MOHONMUTEH OETOH C
HeronsiMa HoceLla cnocobHoCT;

* Heycmolyueu - MacvBW, KOUTO OCUTYPSIBAT YCTONYMBOCT Ha
KOHTYpa 3a Nepuoj OT e4HO AEHOHOLLME A0 efHa ceamuua. B
TO3W CRy4ai BPEMEHEH KPEMEX He Ce Hanara, Npu ycrosue ye
MOCTOSIHHUST Ce M3rpaxzaa B paMKUTe Ha efHO AEHOHOLMe OT
Cb3faBaHe Ha 0TBOpa. PagmanHuTe KOHBEPreHLmMn No KOHTYpa
3a nocoyeHms nepuog morat ga gocturat go 10 cm. B Takuea
YCIOBWS Ce MpunaraT Kpenexu ¢ ronsma Hocella crnocobHOCT
W pernameHTpaHa nogaTnmeocCT;

e KpalHO Heycmolyueu - MacuBW, KOWTO OCUrypsBaT
YCTOMYMBOCT Ha KOHTypa 3a Nepuog OT BpeMe OT Hyna fo 24



yaca. lMpn TAX pagvanHuTe KOHBEPreHUMW 3a cmeTka Ha
nofyBaHe UMW U3CTUCKBaHe Ha CkanuTe MoraT fa AoCTWrHaT
[ECETKA CaHTUMETPU M [OPU [0 MbHO 3aTBapsHE Ha
HanpeyHoTO ceveHne. Tyk TpsibBa ga 6baat npuyncrneHn u
MacuBMTE, KOWTO KPWUST PWUCK OT MpOPMBM Ha BOZa WM
nnaeawy nsacbum. lMpokapBaHeTo Ha u3paboTkM B TakvBa
MacMBM Ce OCbLLLECTBSBA C BPEMEHEH WNM M3NpeBapBalLl
Kpenex unu npu u3nonseaHe Ha cneuynanHy Ha4dnHW Ha
npokapBaHe.

B teaun yCnosuss MUHHUTE I/I3p860TKI/I Ce KpenaT ¢ noaaTnneu
Kpenexu ¢ rondava Hocella cnocobHocT, a npu TyHenuTe ce
13non3ear Kpenexu ¢ MakcumariHa Hocella cnocobHocT.

YCTOMYMBOCTTa Ha MacuBa € (yHKLUMS OT MHOMO (hakTopu:
reHesnc, MUHeparneH CbCras, (U3UKO-MEXaHW4HU CBOWCTBA,
HarnykaHOCT W BOLOHACUTEHOCT Ha CKanuTe, eCTECTBEHO Mone
Ha HanpexeHwsTa, HanmuuMe Ha TEKTOHCKA HapyLUeHUs |

apyrn.

AHanuabT Ha M3BpoeHnTe hakTopyu No3BoNABa NOCPEACTBOM
paLyoHaneH 13bop Ha Tpace Ha u3paboTkaTa da ce usberHe
WM MUHUMUM3WPA TAXHOTO HeGraronpusiTHO BIUSHUE BbpXY
YCTONYMBOCTTa Ha MacKBa.

Onpegensy No OTHOLIEHWE YCTOMYMBOCTTA Ha Macuea €
Npom3xoabT Ha ckanute. Han- gobpa ycTonumBoCT Ha Macuea
npegnarat  marmenute  ckarM.  WHTpysuBHUTE  ce
XapaKkTepusmpar C BUCOKa SKOCT W He3HauMTeNnHa NopecTocT.
Te ca ycToiumMBK Ha U3BETPSIHE, 0CODEHO ako B CbCTaBa UM
NPUCLCTBA TONAMO KOMMYECTBO kBapL. lMo-mManko ycTomuusu
ca edysnBHuTe ckanu. Te MMat no-manka SKOCT, Mo-ronsama
MOpPecTocT U PEeCneKkTUBHO NO-ronisiMa BOZOMPONYCKIMBOCT.
HesaBucumo ot TOBa, B TMOBEYETO Cnydau npegnarat
[OCTaTb4Ha yCTOI7NI/IBOCT Ha MacuBa.

YTaeHuTe ckanu cbobpasHO TEeXHUS MUHepaneH CbCTas,
CBbP3BALLO  BELLECTBO, [AMCMEPCHOCT U CTeneH Ha
nUTUGMKALMS Ce pascerBaT B Lenus AnanasoH - 0T YCTOMYMBH
B0 KpaitHo HeycTonumemM. Macuem OT runc, BapoBuMK U KaMeHHa
con ca ycrtoMuvBM 0O onpedeneHa  AbnbounHa.
YCTOYMBOCTTA HA MacuB OT CBbP3aHW YTaeHU Ckanu Hait-
CUITHO Ce BNWsie OT BWAA Ha CBbP3BALLOTO BelecTBo. Macueu
CbC  CWUMMKAaTHO  CBbP3BALLO  BELECTBO  MpuUTexaBaTt
YCTOMYMBOCT, CbU3MEPUMA C Ta3W Ha WHTPY3UBHWUTE CKamu.
Mo-HuCKa CTeneH Ha YCTOMYMBOCT OCUTypsBaT XeMaTUTHOTO U
kapbOHATHOTO CBbP3BALLO BellecTBO. Hali-HeycToiumMBK ca
MacuBuTe OT [MMHECTM WNMW YTaeHW CKann C [MMHECTo
CBbP3BaLLO BeljectBo. KpaiHo HebnaronpwsTtHa cpepa 3a
npokapeaHe Ha NoA3eMHN 13paboTky ca nnasaLymTe NACbLM.

3a rmuHecTUTE MacvBM OT rONAMO 3HAYEHWE e CTeneHTa Ha
nUTUEMKaLMA W CBBP3aHUTE C HEst MOPECTOCT M NITbTHOCT. [o-
BMCOKaTa CTeneH Ha nuTudukauus npepnonara no-manka
MopecTocT, MO-BUCOKA MITbTHOCT, MO-34PaBu  CTPYKTYPHM
BPb3KM, @ OTTaMm ¥ no-gobpa YCTOMYMBOCT Ha Macuea npu
BCUYKM [IPYTW paBHU YCHOBMS.

MarmeHute 1 yTaeHuTe ckanu moraT aa 6boar NPOMEHEHN
BCneAcTBne  Ha MeTaMOpCbM(i'bM n  MeTacomaTu3bM.

MeTamoppu3MbT Hail-4ecTo BMOLWABA YCTOWYMBOCTTA Ha
MarMeHuTe Ckanu B pesynTaT Ha Bb3HWKBAHE Ha CUIHO
n3paseHa aHM30TPOMWS, HamansBaHe Ha AKOCTTa, NosiBa Ha
Crl0ecToCT, NPOMsHA HAa MWUHEPanHUs CbCTaB B PesynTaT Ha
NPOTEKNUTE MPEKPUCTaNN3aLMOHHN npoLec M ap. TunnyeH
npuMep 3a TOBa € NpOMsiHATa Ha rpaHuTa B rHanc. ObpaTHo
Ha MarmMeHuTe, yTaeHuTe ckanu, NPEMUHaBank1 NPe3 NPexkpuc-
TanW3aUMoHHUTEe NpOLEcH Ha MeTamopdmama, 3HaYMTENHO
nopobpsBaT Kayecteata CM kaTo cpeda 3a MOA3EMHUTE
nspabotku. Mpumepn 3a TOBa € NpoMsHaTa Ha [MUHUTE B
FMMHECTM LUMCTK, Ha NACHYHULMTE B KBAPLUTH, HA BapOBULMTE
B Mpamopu.

MeTacomaTyHUTE NPOMEHW BOLST 40 BNOLLIABAHE YCTONYM-
BOCTTa Ha MacuBa - aprunuTusauusTa, nUpUTU3aLMATa,
XNopUTU3aUMsITa, NpoNunMTM3aLmMaTa ca npouecu, Npu KouTo
NO-HEYCTOMYMBMTE  HA  XWUOPOTEPMArHO  Bb3LEeWCTBUE
MWHepanu ce NpeBpbLiaT B IMUHECTU. [JonomuTu3aumsTa Ha
kapbOHaTHW MacuBK BOAM [0 yBENMYaBaHe Ha NOpecTocTTa Ha
CKkanWTe B MaciBa, a aKko BCMEACTBME Ha TEKTOHCKM
Bb3ENCTBUSA (HAaTpOLLABaHE) TOM € NOAMOXEH U Ha U3BETPSIHE
€ Bb3MOXHO Aa Obae Oe3MHTerpupaH Ao MACHK, KOATO Mpu
ONpefeneHn XUOPOreonoXK/ YCMOBUS MOXE [a NPEMUHE B
nnaeaLlo cbCTosiHMe. OKBapLUSBAHETO (CUNMLMTM3AUMSTA) Ha
CKaITHUTE MACMBM 3HAYMTENTHO NofobpsiBa YCTOAYMBOCTTA UM.

Bbpxy ycTONUMBOCTTA HA MacvBa CEPUO3HO BNNSHUE OKa3Ba
HerosaTa HanykaHocT. [puunHUTE 3a NOsBa Ha MyKHaTUHM ca
MHOTO - FEHe3WC Ha ckanuTe, HamanseaHe Ha obema npu
M3CTUBaHe W 3aryba Ha Bnara, TEKTOHCKW MPOLEeCH, N3BETPSIHE,
MeTacoMaTu3bM, TEeXHONOrUs Ha MpokapBaHeTo U Ap.
MykHaTWHMTE  yBenu4yaBaT  (DUNTPALMOHHUTE  CBOWCTBA,
YrIECHABAT TaHreHuManHuTe NpemecTBaHus 1 potauusTa Ha
BriokoBeTe M BbB BCEKW Cryyal BriowwaBaT yCTOMYMBOCTTA Ha
Macvea.

BnusHMETO Ha HanykaHoCTTa BbpXy YCTOAYMBOCTTA Ha
MacueuTe € BbB (DYHKUMOHANMHA 3aBMCMMOCT, KaKkTo OT
€CTECTBEHOTO MOMNE Ha HanpeXeHusTa, Taka U oT rpanaBocTTa
Ha MOBLPXHWHUTE MEXOy OTAENHWTE KbcoBe W Onokose.
BnusiHWETO Ha HanykaHoCTTa Ha MacKBa € MUHUMAIHO, KoraTo
nocokata Ha MaKCUManHWTE HATUCKOBM HAMpeXeHus e
nepneHaukynspHa Ha mnocokata Ha pasnpoCTpaHeHWe Ha
npeobriagaBallata cucTeMa OT MyKHATWUHW, @ KOHTAKTHWUTE
MOBLPXHWHM Ha BrokoBeTE ca rpanasu. B To3n cMucbn Hait-
HebraronpusiTHa YCTOMYMBOCT Ha MacuBa ChbLUECTBYBA B
30HUTE Ha 3eMHaTa Kopa, KbAETO HanpexeHusTa, HacoYEeHM
NEPreHANKYNSIPHO Ha MocokaTa Ha pasnpocTpaHeHue Ha
NYKHATUHWTE Ca OMbHOBM MI HE3HAYUTENHM HATUCKOBY.

YCTONYMBOCTTA Ha HamykaHWsh Macue 3aBUCK U OT brbra,
KOWTO CKMIOYBAaT HaAnmbkHata oc Ha w3paboTkata u
pasnpocTpaHeHneTo Ha npeobragasawara cuctema OT
nykHaTWHW. Hai-0obpo HWBO Ha YCTOMYMBOCT Ce MnocTura,
koraTo T03u brbh e okono 90°, no- HebnaronpusaTHO € TO Npu
brbn 0° a Hait- HebnaronpusTHO € NpW CTOMHOCTU Ha brbna
mexay 60° n 80°.

Korato macuebT € Ha gbnbounHa Hag 800-1000 m v e ot
3paBK CKamnm, CKMOHHW KbM KPExXKo pa3spyluaBaHe, HeroeaTta



€CTEeCTBEHa HanykaHOCT OCUTypsiBa AMCUNALMA HA EHeprus 3a
CMeTKa Ha KOHBEPreHLWM 1 poTaLms Ha BrnokoBeTe No KOHTypa
Ha w3paboTkaTa M OMacHOCTTa OT CKaslHW M3CTPenu U yoapu
HamarsBa.

N3secTeH cakt e, ye B AbnbouMHa MHTEH3UTETa Ha
HamykaHoCTTa MHOro 6bp30 HamansBea, LWWpOYMHaTa Ha
NyKHaTMHUTE € MWHUMarHa (PECMEKTWBHO Bb3MOXHOCTTA 33
npemecTBaHns W poTauus Ha brokoeeTe e TBbpAE Marka),
nopagu KoeTo OMacHOCTTa OT CKafHW yAapu HapacTsa,
0COBEHO B y4acTbLMTE, B KOUTO HATUCKOBUTE HaMpeXeHUs Ha
ronemu. Ha no-mManku ObnbOYMHM Hal-yecTa npuymMHa 3a
CKanHW yJapu ca TEKTOHCKUTE [OBWKeHus (B pesynTaT Ha
MIiaZy HarbBaTenHW NPOLECU UM OCTATBYHW HaNpPeXeHus ot
no-CTapu TEKTOHCKM MpoLecu), NposiBsBalM ce B Hai-
ApeBHUTE hopMaLMM OT 30paBW enacTUYHU CKarmu, CKMOHHW
KbM KpexKo paspyLuasaHe.

MpakTukaTa nokasea, Ye Mpu M3bopa Ha Tpace Ha MUHHA
13paboTka He BMHArK ce OTAenst He0OXOAMMOTO BHUMAHWE U
cpeacTBa 3@ NPEABApUTENHOTO  WMHKEHEPHOreomnoXKo
npoyyBaHe. B pesynTaT Ha TOBa BMOCNeACTBME Ce Hanarat
3HAYNTEMNHM AOMbIHUTENHU Pa3Xomy, KakTo 3a MpoKapBaHe,
Taka UM 3a 3aKpensaHe W MoAbpxaHe Ha u3paboTkaTa.
OcobeHo cepuoseH e TO3M mpobrnem B MUHHOTO
MPOW3BOACTBO, HO NOJOOHW TPELKM ca [OMmyckaHu W Mpu
CTPOUTENCTBOTO Ha TYHENN.

Mpumep 3a TakaBa rpellka e 3anagHata Tpbba Ha TyHen
BuTUHSA, KOSITO MO TrONSIMO MPOTEXEHWe MNonafa B CUIHO
HaTpOLUEHUTe CKanM Ha ronmsm  pasnoM. HenpasunHo
n3bpaHOTO Tpace Ha TyHena goeede Ao 3abaBsHe U
3HAYNTENHO OCKbMsSIBaHE Ha CTPOMTENCTBOTO, A0 peauua
PUCKOBM Onepauuu 3a [OMbIHWTENHO 3akperBaHe Ha
nponafaHusaTa, 4O NPOHMKBALA Npes3 Kpenexa BOAa, KOSTO
Le foBefe [0 NPEXOEBPEMEHHN PEMOHT!.

A3BeTpsHeTO ChLUO BOAM 4O BrOLIABaHe YCTOMYMBOCTTA Ha
MacvBa. KaTto pesynTat oT Hero ce yBenuyaBa HanykaHocTTa 1
Ce HamansBa sKkocTTa Ha ckanute. [orpeGann u3BeTpenu
cKkanu ce cpeLuat 1 B LbnbounHa B 3emHata kopa. Macusu ot
TakuMBa Ckanu ca HeyCcTonumBM, a u3paboTkuTe mpokapaHu B
TAX Ca OCKbNSBaHM Mopagu No-roreMute pasxoaM, Kakto 3a
NpoKapBaHETO, Taka W 3a NOABbPXKAHETO UM.

Kom ca 3agbmxuTenHuTe N3vckBaHUS 3a pauuoHaneH usbop
Ha Tpace Ha nogsemHa 1spabotka?

TpsibBa [a ce 3amoyHe CbC CEPUO3HO WHKEHEPTEONOXKKO
Npoy4BaHe Ha paioHa Ha CTPOUTENCTBOTO, KOETO [a YCTaHOBM
reonoxkuTe opmaLuu, Wsrpaxgalln CkanHuTe macusu U
NOCTTEHETUYHUTE  FeOAMHAMUYHM  Mpouecu U SBREHUs,
HacTbMUIKM B TAX: HaNMuMe Ha pasrioMHW 30HM, HanyKaHoCT,
W3BETPSHE, MOA3EMHM BOAM W Ap., KOWTO BIUSST BbPXY
YCTOMYMBOCTTA HA Macmea.

YCTaHOBEHWUTE TEKTOHCKW hopmu TpsibBa Aa ce OLEHAT OT
[megHa Touka Ha ChLUECTBYBALLOTO €CTECTBEHO Nonie Ha
HanpexeHusTa. pu OTFOBOPHM M CKBNO CTPYBALLW NOA3EMHM
CbOpPbXEHNS € Heobxogumo fda ce onpegenst u
KONMWUYECTBEHUTE CTOWHOCTM Ha TE3W HaNpEeXeHUs B Macusa.

Heobxogumo e fa ce TbpCAT BCAKAKBM Bb3MOXHOCTM 3a
n30sIrBaHe Ha 30HMTE, B KOUTO MAacWBbLT € HEYCTOMYMB WK
kpanHo HeycTonume. OBMKHOBEHO TE3M 30HW Ca CBbP3aHW C
AVHAMWYHO NOAXPaHBAHU BOAOHOCHW XOPU3OHTW M MnaBally
NACbLUM, CbC CKanu npeTbpnenn MetacoMatu4yHu NpomMeHn, C
FTIMHA UNW TIMHECTM CKaN C HIUCKa CTEMEH Ha IUTUCMKALMS.

TpaceTo Ha uspaboTkaTa TpsibBa Aa ce nonara Taka, ye fa
ce usbarsa NPEeMNUHaBaHETO Ha Yy4acTblUM C WHTEH3VBHa
HanykaHocT. AkO TOBa e HensbexHo, Hail-gobpe e octa Ha
n3pabotkata Aa M npecuya MykHaTUHUTE MO Bb3MOXHOCT
nepneHanKynspHo.

Ako ce BbpHeM KbM MpuUMepa CbC 3anagHaTa Tpbba Ha
TyHen BuTuHs, MOXeM [Ja KaxeMm, 4Ye [ObMKMHATa Ha
CbOPBXEHUETO € A0CTaTb4Ha C Orfes ocTa My Aa He CbBnaja
C NocoKaTa Ha pa3npocTpaHeHne Ha pasnoma 1 fa ro uberHe
WM Ja ro npeceye NepneHaukynsipHo.

KoraTo uspaBotkata e Ha Manka abnboduuHa 1 TpsaGea aa
MpeMUHe Mpes HarykaHu ckanu, Tpaceto W TpsiGsa fga ce
nonara B 30HM Ha MOBULIEHM HATMCKOBM HampexeHus (ro
Bb3MOXHOCT ~ MEPNeHAMKyNspHM  Ha  Mocokata  Ha
pa3npocTpaHeHue Ha npeobnaaasallara CUCTEMa MyKHaTUHK).
Mpu OMacHOCT OT CkanHM yaapy TOYHO 0BpaTHOTO, TpaceTo
TpaGBa f[a ce pasnonara TaMm, KbAETO HAaTUCKOBMTE
HaMpeXeHns ca MUHMMArHU 1 MacvBbLT Npeanara ycrnosns 3a
[MCANALNA HA eHEPTUS.

HexenatenHo e npemuHaBaHeTo npe3 norpebanm
M3BETPENN CKamu, TbIl KaTo TE npeanonarat HACKO HOBO Ha
YCTOMYMBOCT Ha Mmacuea KoraTo MHXEHEPHOreonoXKoTO
npoy4saHe YCTaHOBM HalnM4YMETO Ha TaKuBa 30HWU, Tpﬂ6Ba aa
Ce NMOTBbPCAT Bb3MOXHOCTH 3@ TAXHOTO 3a00uKansiHe.

Mpu npokapeaHe Ha M3pabOoTKN BB BLITMLHNA PYAHULM Ha
ronama AbnboynHa M B 34paBM BMECTBAWM CKamnM, OTAMYHM
pesyntaTt ce nonyyaeaT npu NpeaBapuTeNHO noapaboTBaHe
Ha ObaeLyata n3pabotka oT JobuBeH 3aboi 1 NpokapBaHETO 1
BNOCNEACTBME B 30HaTa Ha enpobnokoBoTo o6pyllaBaHe
(BbTpe B CBOAA Ha YCTAHOBMNOTO Ce BEYe PABHOBECHO
HanperHaTo CbCTOsHKE).

N3GopbT Ha Tpace Ha m3paboTkaTa TpsGBa da ce npasu
Bb3OCHOBA HA MWHAMYM [ABa, npeaBapuTenHo aobpe
06OCHOBaHM B WHXEHEPHOTEONIOXKO OTHOLUEHWE BapuaHTa,
[0BEJEHM [0 MbilHa CTOMHOCT Ha CbOPBXKEHNETO B 3aBbLPLLEH
BMO, MPEecMeTHaTa Mo YKPYMHEeHW MNoKasaTenu, B KOUTO e
BKITIOYEHA W OLIEHKA Ha pucka (KakTo OT hMHaHCOBa rreaHa
TOYKa, Taka W OT rMedHa Touka Ha GesomacHOCT Ha Tpyaa).
Taka Hanmpumep, B pyaHAUMTE, pa3paboTBawy  KUITHU
Haxoaula BuHarv TpsibBa [a Ce CpaBHsBAaT BapWaHTUTE Ha
npokapBaHe Mo ckana 1 Mo Mone3Ho U3konaemo.

Mo Bpeme Ha MpoKapBaHETO Ha Beve M3BpaHOTO Tpace
npunaraHeTo Ha cuUcTemaTta  “WHXEeHepuHr”  no3BossiBa
HeroBaTa pauMOHanHa MpoMsHa B Cryyal Ha HeovakBaHO
OTKNOHsABaHEe Ha NPUPOAHUTE YCNOBMA OT Te3W, NO KOUTO €
U3BBPLLEHO NPOEKTUPAHETO MY.



EfHo oT ycrioBusiTa 3a ocurypsisaHe Ha npauiieH 130op Ha
TpaceTo Ha pJafjeHa nopgsemMHa wu3paboTka e M Aobpata
KBanMuKkauMs Ha  CreLManucTuTe, KOMTO  W3BbpLIBAT
MPOEKTMPAHETO, a A0 roNisiMa CTEMNeH W NpokapBaHeTo i. ToBa
Hanmara W NpeopueHTWpaHe [0 W3BECTHA CTeneH Ha
nporpamute, M0 KOMTO ce ObyyaBaT KaKTO MWHHUTE
CMeumanicTi, Taka M WHXeHep-reonosnTe, Kato ce BKIOYM
MHOrO MO LUMPOKO W3y4aBaHETO Ha CKANHUTE MacuBM OT
rnefiHa ToYKa CTeneHTa Ha YCTOMYMBOCTTa UM.

3AKITFOYEHNE

HanpaBeHusiT aHanu3 Ha (hakTopuTe, KOUTO paauKkanHo
MOBMMSBAT YCTOMYMBOCTTA Ha MacuBa [aBa Bb3MOXHOCT Ha
cneuManucTUTe f[a Cb3gafaT pauMoHanHW  KpuTepuu npu
n3bopa Ha Tpace Ha nopgsemHata u3pabotka. ToBa Lie
rapaHTMpa MUHUMaIHW PUCKOBE W Pa3xoau Npu NPOKapBaHETO
i 1 Wwe obesneyn HeobXoaMMOTO HUBO Ha 6e30MacHOCT.
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INFLUENCE OF ENGINEERING GEOLOGICAL FACTORS ON THE CHOICE OF WAY OF

AN UNDERGROUND WORKING

ABSTRACT

Article defines the term “competent rock mass”. Taking the definition as a cryterium, a classification for the contour stability of an underground opening is proposed.

Engineering- geological aspects, influencing rock mass competency are discussed.

On the base of analysis of rock mass competency, general principals of tunnel rout choice, support systems and tunnelling technologies are proposed.

To drive an underground working is a challenge to nature. It
leads to instantaneously stress release of contour of the open-
ing and change of natural field of stresses in the rock mass.
Under certain geological conditions, this could cause serious
problems in driving and maintaining the underground workings,
such as:

e rock bursts;

e rock falls or cavings;

» floor heaving or rock squeezing;

e water inflow: dripping, inrush, impoundment;
e inrush of quicksand.

All this leads to higher costs of construction and mainten-
ance, accidents and manlife losses even to impossibility to use
the working.

Forecasting and avoiding or minimizing the influence of the
above mentioned adverse events could be reached only as a
result of careful engineering- geological investigations and cor-
rect estimation the obtained information about the way under-
ground working is to follow.

The underground construction terminology includes the term
“competent rock mass”, not giving definition about it. We sug-
gest for competent rock mass to understand such one, which
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assures stable condition of the opening without any support
during all the time of it existence. In other words an opening is
stable if there are not any fragments to split and fall from the
contour of the working and convergencies can not be observed
without any instrumentation.

Rock masses poses different competency and it is result
from the geologic and technical conditions. On this basis the
authors propose to classify them into four classes:

® competent - as they were defined above. If they are mine
workings, no need of support. If they are tunnels because of
the higher safety standards and longer service period, support
is shotcrete or even cast in situ concrete;

® of middle competency - the contour of the opening is
stable for a period from a week up to several months. After that
period from the back and the walls small or not so small rock
pieces split and fall and small rock cavings are possible. The
radial convergencies of the contour are from 0 to 2 cm The
more often used supports are shotcrete, combination of rock
bolts and shotcrete or cast in situ concrete with some higher
load bearing capacity than in previous class;

® of low competency - rock mass assures stability of the
contour from a day to a week. In such rock mass, if permanent
support is built in above- mentioned period, temporary support
is not necessary. The convergencies of the contour could
reach for the boundary period values of 10 cm. In this condi-
tions supports must poses high bearing capacity, or to be yield-
ing ones (with predetermined yield);

® incompetent - rock masses, in which the contour is
stable from 0 to 24 hours. In them radial convergencies of up-
heaving or rock squeezing reach tens of centimeters or even
could lead to total closure the opening. In the same class are
the high water bearing rock masses, in which water or quick-
sand inrush is possible. Driving mine workings in such condi-
tions is possible by using temporary or fore supports or by us-
ing not conventional technologies (earth pressure balance ma-
chines, rock freesing or grouting e.t.c.). Supports must be with
maximal bearing capacity (and yielding ones in development
mine workings), in water bearing rocks- impermeable.

Rock mass competency is influenced by many factors: gen-
esis, mineral staff, rock properties, folding, faulting and fissura-
tion, water logging, natural field of stresses, tectonic disturb-
ances and many other factors.

Analysis of above mentioned factors permits, by rational
choice the way working must follow, to avoid or minimize their
unfavorable influence on rock mass.

One of the most important factors concerning rock mass
competency is the origin of rocks. The best conditions for tun-
neling propose igneous rocks. Intrusive ones poses high
strength, and negligible porosity. They are resistant against
weathering, particularly if they content abundant quantity of
quartz. Some lower competency poses extrusive rocks. Their
porosity is bigger, strength lower and permeability higher.

Sedimentary rocks, in accordance with their mineral staff, ce-
menting material and degree of lithification are taking place in
all four classes of competency. Monomineral rock masses of

limestone, plasterstone and rock salt assures enough compet-
ency to a definite depth. For clastic rocks, the most important
thing, influencing rock mass stability is the binding matter. If
binding material is silica, rock mass could be as competent as
igneous one. In lowering order could be mentioned carbonate
and hematite cement. The worst competency could be waited
from clay binding, especially in the cases, when rock contains
abundance of water or quicksand.

For clayey rock masses very important factor is the degree of
lithification. The higher degree of lithification, the higher dens-
ity, the better binds between particles, the more competent
rock mass.

Igneous and sedimentary rocks could be altered by meta-
morphism or metasomatism. In general if an igneous rock
passes trough metamorphism, the competency of the rock
mass gets lower because of anisotropism, lamination, changes
of mineral staff. A typical example is alteration of granite into
gneiss.

Just the opposite, if a sedimentary rock passes metamorp-
ism, as a result of recrystallization processes, rock mass up-
grades its properties. Good examples are marbles, clay
schists, and calcareous shales.

More of metasomatic changes lead to deterioration of rock
mass stability. Argillization, pyritization, chloritization, propilitiz-
ation are processes which alter low resistant to hydrothermal
impact rocks into clayey minerals.

Dolomitization of carbonate rocks leads to higher rock poros-
ity, and if later they are put under weathering, in certain geolo-
gical conditions- to disintegration to sand.

Quartzitization of sedimentary rocks is allays a reason for
better competency of the rock mass.

Fissuration and jointing strongly deteriorate rock mass stabil-
ity. Reasons for rock fissuration and jointing are too much: rock
origin, tectonics, weathering, conditions of lava cooling, meta-
morphism, metasomatism, tunneling technology. The exiting
jointing planes lead to increasing filtration properties, make ro-
tation and tangential convergences of rock blocks much easier.

The influence of fissuration and jointing on rock mass com-
petency is in functional relations with natural field of stresses
and roughness of jointing planes. This influence is minimal if
there are high compressive stresses perpendicular to jointing
planes and the surface of above- mentioned planes are rough.
In this sense, unfavorable are geologic conditions, where
above- discussed stresses are tension ones or negligibly small
compressive.

In a jointed rock mass, competency is a function of the angle
between the direction of tunnel axis and direction of jointing
planes. The most favorable is the case, when the angle
between them is about 90°. Less favorable are the cases in
which tunnel axis and jointing planes are parallel. The worst
situation is when tunnel axis crosses jointing planes at 60°- 80°.
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When a rock mass consists of strong, brittle rocks at depth
over 800- 1000 m, its natural jointing assures energy dissipa-
tion as a result of rotation and displacements of rock blocks,
forming the contour of the opening. By this way danger of rock
bursts and rock spitting is lower.

But it is well- known fact, that going to depth intensity of fis-
suration becomes smaller and smaller, and width of fissures
negligible narrow (in other words possibilities for rotation an
displacements of rock blocks are very small) and the danger of
rock bursts increase, especially in the area with compressive
stresses concentration. In smaller depth rock bursts are con-
nected to older rock formations and areas with stress concen-
tration as a result young folding or residual stresses from older
tectonic processes.

The practice showed, that not allays enough attention is paid
to this question. Later it becomes a cause for larger tunneling
time, higher cost and useless risks. A bad example of such an
error is Western tube of. Vitinya tunnel. Improper placement of
tunnel way caused many rock falls, additional expenses and
risks for supporting occurred cavings, longer period for tunnel
construction, higher cost of maintenance. Nowadays the water,
infiltrating trough concrete lining will destroy it in very short
time.

Another reason for bad rock mass competency is weather-
ing. Weathered rocks become much more fractured, water im-
permeable and less stable. Buried weathered rocks could be
found in bigger depth in earth crust. Tunneling and later main-
tenance in such conditions are more expensive.

What are leading requirements for the choice of the way tun-
nel is going to follow?

Everything must start with a profound engineering- geological
prospecting of the region. It must find all factors, influencing
rock mass competency, such as: geological formations, post-
genetic geodynamic processes and changes, caused into
rocks: folding, faulting, weathering, underground water, jointing
e.t.c

Discovered tectonic forms must be discussed in aspect nat-
ural stress field. If safety standards for the future working are
too high, quantitative results of earth crust stresses must be
obtained.

It is advisable to be avoided all zones, where the rock mass
is incompetent or of low competency. Usualy, this zones are in
connection with dynamically fed water bearing strata or quick-
sand, rocks undergone metasomatic changes, clastic rocks on
low degree of lithification with clay binding between particles.

The way, tunnel is going to follow must avoid areas with
highly developed fissuration systems. If this is not possible, the
best decision is tunnel to intersect jointing planes at right angle.
Going back to Vitinya tunnel example, we can say that the

length of the working was quite enough faulted zone to be
avoided or crossed at right angle.

When working is at shallow depth and must cross jointed
rock, the rout it must follow should be laid in areas, where hori-
zontal compressive stresses are maximal and their direction is
perpendicular to the jointing planes. But if there is a danger of
rock bursts, just the opposite- the way, tunnel should follow
must be led in distressed areas, proposing possibilities for po-
tential deformation energy dissipation.

It is not advisable to drive a working trough buried weathered
rocks. Possibilities should be searched to go round them.

In coal mines at great depth in hard, strong host rock good
results are obtained when future tunnel way is previously un-
dermined and after dome of equilibrium formation, under-
ground working is placed into the distressed zone, near the top
of natural arch.

Choice of the tunnel rout must be made on the basis of min-
imum two well analyzed in engineering- geological aspect vari-
ants, brought roughly to full cost, including the risk estimation
(as in financial, so in safety aspects). For an example, in ore
mines, exploiting vein deposits, always must be compared vari-
ants: in vein working, or stone drift.

Good results offers the system “engineering”, which unites
designing and driving the working. It permits if unfavorable
geologic circumstances occur during tunneling, rational correc-
tion to tunnel road to be introduced.

Never should be forgotten the fact, that correct choice of the
way tunnel must follow is possible, if specialists, engaged with
designing and driving it poses certain level of qualification. This
may be impose the need for some changes into educational
programs of mine specialists and engineering- geologists too,
where more profound study of hard rock to be included.

CONCLUSION

The analysis of engineering- geological factors, influencing
radically rock mass stability permits the specialists to create ra-
tional choice of the rout an underground working must follow.
This will assure minimal risks, costs and good standards of
safety during tunneling and exploitation period of the working.
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