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Dear Ladies and Gentlemen,
Dear Colleagues,
Dear Guests,

On behalf of the Organizing Committee and
in my capacity as Chairman of the Scientific and
Technical Union of Mining, Geology and Metallur-
gy | am pleased to welcome all the participants in
VII INTERNATIONAL GEOMECHANICS CONFERENCE.

This scientific forum will take place for the sev-
enth time in a row which shows its importance and
prestige. This year the conference will be focused on
Innovative Methods in Geomechanics. The topics
cover the whole range of fundamental issues for the formation of stressed and de-
formed state of the rock mass, research methods for assessment, ecological issues
and environment protection.

The IGC 2016 Conference offers an excellent opportunity for the interna-
tional and local participants to exchange the experience, to share innovation,
and to progress professional skills. In the conference this year involved col-
leagues from Belarus, Bosnia and Herzegovina, Bulgaria, Macedonia, Romania,
Russia, USA, Slovakia, Serbia and Ukraine. The significance of the International
Conference on Geomechanics is determined by the interest in her and the great
activity of the scientific community in geomechanics worldwide.

The results from the studies discussed during the conference are a possibil-
ity for application of the geomechanical methods related to the development
and utilization of the underground space in the mining industry, the construc-
tion, the industrial and public buildings, the transport facilities, etc.

It is our hope that you have been able as well to get a touch of our capital
city, our Country, and the Bulgarian people, perhaps, with the intent to visit us
again in 2018 on the occasion of the next VIII INTERNATIONAL GEOMECHANICS
CONFERENCE.

| wish you all fruitful work and good luck!

Prof. Dr. Tzolo Voutov

Chairman of the Organizing committee
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¢ MINSTROY HOLDING JSC

leader in the lead and zinc ore extraction
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The company “Minstroy” was founded pursuant to decree No. P-37
of the Council of Ministers of 1952 as a specialized mining and construction
organization for accelerated construction and commissioning of raw material
and energy facilities in the country.

In its 60-year history, the company has built:
» All mining and energy enterprises in the country;
* More than 150 mines;

» Over 20 factories for preparation, processing and enrichment
of raw materials extracted;

* More than 250 coal mining facilities;

The highway tunnels “Trajanovi Vrata” and “Vitinya”;

The following facilities are also a work of the Holding:

» The underground infrastructure of housing estate “Obelya’
and housing estate “Druzhba”;

¢ The main passable heat transfer collectors in Sofia;

» The first metro section from housing estate “Obelya”
to housing estate “Lyulin”

* The tram tunnel under “Dragan Tsankov” Blvd.;
* Over 1000 km. long-distance pipelines for oil and gas;

* More than 100 pumping stations, reservoirs and facilities
for petroleum products;

¢ Over 600 km. of hydro tunneling, water and sewage systems;

Minstroy Holding JSC:

* Manages and operates lead, zinc and silver mines in the
Rhodope extraction region;

e Finances, built and manages its own electricity
production capacities from renewable energy sources,
mainly photovoltaic systems and small hydroelectric
systems for over 20 MW;

Minstroy Holding JSC
57, G. M. Dimitrov Blvd., 1700 Sofia, BULGARIA
tel = +35812/963165165, fax: 3592 962:50/85
www.minstroy.com
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['p. Codus, yn. “ltonnH nnaunHa” N9
e-mail: office@explosiveprogress.eu
web: www.explosiveprogress.eu

OcHoBaHo npes 1999 r., LPY»KecTBoTO
“Exkcnnosusnporpec-NMTM“ EOO[ e cneuuanvMsvMpaHo B
KOHCY/NITAHTCKM W MHXEHEPUHroBM ycayrn B obnactra Ha
NPo6UBHO-B3pUBHUTE paboTu.

“Ekcninosusnporpec-NMMM“ EOOQO/[, pa3BvMBa TbProBCKa
AEeNHOCT, KOATO BK/OYBA Npoaarkba Ha B3pMBHM BeLLECTBa
W CpeAacTBa 33 B3puBABaHe. [Jpy»KecTBOTO e U3KAYUTeNeH
anctpubyTtop 3a bbarapusa Ha Npou3BeXaAaHUTe OT B3pMBHa
¢dabpuka "Enaumte" BoAOYCTONUYMBU €MYICUOHHWU B3PUBHM
BeLeCTBa.

“Excnnosusnporpec-rMM*“ EOOL  npoektupa 7
M3Nb/IHABA NPOOMBHO-B3PUBHMU PaboTu, KaTo ocurypasa v
HeobxoAumMuUTe paspeLunTesHu.

Mo 3agaHue Ha KANEHTA APYIKECTBOTO U3BbPLLBA:

» [Npo6buBHO-B3pMBHM pPaboTu Ha Kapuepu.

» [pobrBHO-B3pMBHM PabOTK 3a NPOKapPBaHe Ha MbTULLA,
aBTOMAarnucTpanu, MbTHA  y4yacTbUM, CTPOMUTENIHU
NAOWAAKN U APYIN.

» CneumanHu B3puMBHU paboTu.

MOHUTOPUHT Ha B3pUBHU paboTu:
“Ekcninosmsnporpec-NMTM“  EOOJ  pasnonara  CbC
CbBpEMEHHaA anapatypa W MpPOrpamMHM MPOAYKTM Ha
BOAeELMN cBeTOBHU dupmmn KaTto Geosonics 1 NOMIS, CALLL,
MREL n WipWare, KaHaga.
MOHWUTOPUHIBT BKAHOYBA:
> M3BbpliBaHe Ha CEM3MUYHM  WU3MEpPBaHUA Mpu
ocurypsiBaHe Ha B3pMBOCEM3MMYHA OXpaHa Ha crpaau u
CbOpbKEHUA.

I/I/VII'IM HaTpoLleHa CKka/iHa Mmaca.

» W3mepBaHe Ha CKOPOCT Ha AEeToHauus Ha B3| BHUM

BellecTBa B pea/iHh Npon3BoACTBEHU YC/IOBUA.

Ten: (+359 2) 902 65 20
Ten/dakc: (+359 2) 902 65 27
mobile: (+359) 888 397 205

AnapaTypa 3a MsmepBaHe Ha CKOpPOCT Ha
[OETOHALMA Ha B3PMBHM BELLLECTBA.

Anapatypa 3a M3BbpLUBaHE Ha
B3PMBOCEU3MMUYHU U3MEPBAHMUA.

Bop,oycmqusu emyncuovmu B3pVIBHM
BELLECTBA W CPeACTBa 3a B3pMBSABaHeE.

i
3bpHOMETPUYHA XapaKTEPUCTMKa Ha B3pMBEHa
CKanHa (M1MHHa) maca.




The FEDERATION OF THE SCIENTIFIC
ENGINEERING UNIONS (FSEU)

in Bulgaria is a professional, scientific-educational, non-
governmental, non-political non-profit association of legal
entities - professional organizations registered under the Law
on non-profit legal entities, whose members are engineers,
economists and other specialists in the field of science,
technology, economy and agriculture.

FSEU performed bilateral cooperation with similar
organizations from many countries.

FSEU brings together 19 national associations - Scientific and
Technical Unions (STU), 34 territorial associations, which have
more than 15,000 professionals across the country.

FSEU is a co-founder and member of the World Federation of
Engineering Organizations (WFEO).

FSEU a member of the European Federation of National
Engineering Associations (FEANI), and a member of the
Standing Conference of engineering organizations from
Southeast Europe (CO.PICEE ), Global Compact, European
Young Engineers (EYE). The Federation has the exclusive right
to award the European Engineer (EUR ING) title.

Contact person:
Dr. Boyko Denchev, e-mail: b.denchev@gmail.com

1000 Sofia, 108 G.S. Rakovsky Str.



HAYYHO-TEXHUYECKU CHIO3 SCIENTIFIC AND TECHNICAL
no MUHHO AENO, T’EOC/1I0IrnA UNION OF MINING, GEOLOGY
N METANTYPTUA AND METALLURGY

THE SCIENTIFIC AND TECHNICAL UNION OF MINING, GEOLOGY AND METALLURGY is a voluntary,
non-governmental, politically uncommitted, uncommercial professional association.

About 1800 scientists, engineers, technician and other specialist in the field of mining, geology and metallurgy
participate in the Union. Many juridical persons from the country and abroad who are working in this field are
members of this association. The Union is an association in private favour and realizes its activity in favour of
its members. The Scientific and technical union of mining, geology and metallurgy is a regular member of the
FEDERATION OF THE SCIENTIFIC ENGINEERING UNIONS.

14 regional organizations, 34 scientific-technical associations and clubs and 6 incorporated associations func-
tion within the Union.

There are 25 collective members at present - juridical persons from mining and metallurgical branches and
geology.

Governing bodies of the Union are the General meeting, the Managing committee and the Control committee.
The latter two are elected by the General meeting and are authorized for 4 years.

The Scientific and technical union of mining, geology and metallurgy cooperates on problems in these fields with
the Ministry of economy and energy, the Ministry of regional development and public works, the Ministry
of environment and water, the Bulgarian chamber of mining and geology, the Bulgarian academy of sci-
ences, the University of mining and geology “St. Ivan Rilski”, the University of chemical technology and
metallurgy, the Union of scientists in Bulgaria and other organizations and firms very actively.

The Union is member of 19 related international social organizations and academies. The most important are:

e The World Mining Congress - WMC

* The International Society for Rock Mechanics - ISRM

e The Academy of mining sciences of Russia

* The International Academy of ecology & life protection sciences
» The International Academy of mineral resources

The Balkan associations:

* The Balkan union of metallurgists

* The Balkan committee of mineral processing

» The Balkan geophysical association

» The Balkan association of mining experts “BALKANMINE” and others.

The Union is a co-founder of the publishing house “Earth93” and a co-publisher of the journal “Mining and
geology”. Useful information about national and international publications and activities in these fields is ac-
cumulating and exchanged in the Secretariat of the Union.

National and international scientific-technical publications and literature keep coming in (the journal “Mining

”

and geology”, “Geology and mineral resources”, the magazine “Science and society”, “Mining Journal”.

The Union is the basic organizer of scientific-technical conferences, symposia, discussions and other initia-
tives on national and international level. The union members participate in the preparation and discussion of
bills, normative and others documents in the field of mining and metallurgical branches and geology.

By its national and regional structures the Union is ready for collaboration with international and national au-
thorities and organizations on problems of geology, mining and metallurgy.

Address for correspondence:

Bulgaria, 1000 Sofia, 108, Rakovski Str.
Tel./Fax: +359 2 986 13 79, Tel: +359 2 987 57 27
Web site: www.mdgm.org, e-mail: mdgm@fnts.bg
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Co-organizers

e University of mining and geology "St. Ivan Rilski"

e University of architecture, civil engineering and geodesy
e National Institute of Geophysics, Geodesy and Geography
e University of Transport "Todor Kableshkov"

e University of Structural Engineering & Architecture "Lyuben Karavelov"
e Bulgarian chamber of mining and geology

e "Antech TFA" Ltd.

e "Assarel Medet" JSCo

e Association "Bulgarian Coal mining"
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e "Gips" JSCo.
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e "Ellatzite-med" JSCo.

e "Kaolin" JSCo.

e "Metropolitan" JSCo.
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A.Physical and mechanical rock properties. Methods and means of
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B.Stressed and deformed state of the rock mass. Technological
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D.Geodynamic impacts on underground and surface excavation
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E. Mine-surveying methods and computer systems for monitoring

and management.
F. Ecology and environment protection.






: |’.>
©

>
=

>

CONTENTS
Topic A

®U3nMKo-MexaHM4HU CBOWCTBA Ha ckanute. Metoan w cpeacrtea 3a
onpepensHe.

Physical and mechanical rock properties. Methods and means of
identification.

®dU3nKo-mexaHm4eckme CBOMCTBa nopoa. MeTtoabi 1 cpeacTtBa onpeaerneHud.

ONnbIT MPUMEHEHWA CTAHOAPTA OPrAHM3ALIUM CTO 05282612-001-2013 [NA
ONPEAENEHUA YNPYIrUX CBOUCTB rOPHbIX NOPOA
C. B. CykHeB

®AKTOPHU, BNMUAELLM HA AUHAMWUYHUTE OE®OPMALIMOHHM MOOYNU HA CPA3BAHE
HA HECBBHP3AHUTE AUCNEPCHU PASHOBUOHOCTHU
['epraHa [lpymeBa-AHTOHOBA

LABORATORY GEOMECHANICAL INVESTIGATIONS OF SOLID ROCK MASSES OF THE
BARRIER DAM SITE “KOMARNICA” - MON1:ENEGRO
Branko Petrovi¢, Jelena Majstorovi¢, Tomislav Subaranovi¢, Bojan Dimitrijevié

WU3MEHEHWE HA CBOUCTBATA HA CKANIUTE NPU PA3PYLLABAHETO UM C MOMOLLTA
HA PA3JTUYHU METOOU
Konbo Kones, 'eopru Muxaiinos

GEOMECHANICAL PROPERTIES OF SOLID ROCK MASSES CRETACEOUS AND
MIOCENE AGE IN THE CITY OF BELGRADE
Jelena Majstorovi¢, SneZana Savkovi¢, Sasa lli¢

FTEOTEXHUYECKW W3CNEOBAHUA HA THNWUHUTE OT [OOJIHUA XOPU3OHT HA
BbTPELLUHOTO HACUMULLE HA PYOHUK , TPOAHOBO-1“, KIIOH HA ,,MUHA MAPULIA
MU3TOK“ - EALl, BbB BPBH3KA C BTOPUYHOTO MY U33EMBAHE

Buoneta VBaHoBa, 1aBen Kapayonos, [JaHnena ManuHosa, Nasen Maenos, BecenvH banes

DEFINING ENGINEERING-GEOLOGICAL CHARACTERISTICS OF THE TERRAIN PLANNED
FOR FOUNDATION OF SMALL HYDROPOWER PLANT "ZRNOVSKA RIVER 353"
Risto Dambov, Gorgi Dimov, Vojo Mircovski, llija Dambov

W3CNEOBAHE HA CTPYKTYPHATA HAPYLWWEHOCT HA MACUBA OT BJ10K 3 HA PYAHUK
NYKAHA NAOUHA
TemeHyra 'eoprvesa, [eopru AgaHIMUIACKN

GEOPHYSICAL AND GEOMECHANICAL CHARACTERISTICS OF GABBRO FROM
LOCALITY PANTELEJ, MACEDONIA
Krsto Blazev, Blagica Doneva, Todor Delipetrov, Gorgi Dimov, Marjan Delipetrev, Zoran Panov

CPABHUTEJNEH AHAIKA3 NMPWU OMPEOENAHE AKOCTTA HA EOHOOCOB HATUCK HA
CKAJTHM OBPA3LU YPE3 CBINMOCTABAHE HA NABOPATOPHU U “IN SITU” METOAU
Becenwx banes, l'eopru [laves, /iBaH Mutes

GEOTECHNICAL INVESTIGATION ON THE LOCATION FOR SMALL HYDROPOWER
PLANT "KADINA"- REPUBLIC OF MACEDONIA
Vojo Mircovski, Gorgi Dimov, Risto Dambov, Laste Ivanovski, Blagica Doneva

11

18

23

28

34

45

52

62

68

74



"F’

o

o

Topic B

HanperHato n geopmmpaHo CbLCTOSIHME Ha CKalHWA MacuB. TeXHONMOIUYHM
PeLIeHns U CUCTeMM 3a YNpaBrieHUe Ha CKaNTHUS HaTUCK.

Stressed and deformed state of the rock mass. Technological solutions and
systems for management of the rock pressure.

HanpsskeHHoe ¥ pged)opMUPOBaHHOE COCTOSIHME TOPHOTO  MaccuBa.
TexHONoOrnyeckue peLeHusi U CUCTEeMbI YNPaBNeHUsi FOPHOTO HaXMMa.

THEORETICAL - EXPERIMENTAL METHOD FOR MANAGEMENT OF ROCK PRESSURE IN
MINE OPENINGS
Boris Amusin

AHANU3 MPOSBNEHWA TOPHOrO AABIIEHAA B KAMUTAJIbHLIX BbIPABOTKAX
FOPHO-AOBbIBAOLWMX NPEANPUATUN
Kopuyak A.B., Totes J1., Masnos [1., MNMweHn4HbIn B.A.,

MONITORING DEFORMATIONS OF THE EARTH-FILL DAM WITH ANALYTICAL AND
GRAPHICAL ANALYSES
Vladimir Sedlak, Juraj Kesel, Peter Poljakovic

FEOMEXAHUYHO OCUTr'YPABAHE HA NOBUBHUTE OEMHOCTU B PYAHWUK YENOMEY
BaH Apamos, Lisetomup Benkos, Unusi Mbpkos, Oparomup CtedhaHoB

OCOBEHHOCTM MPOSBNEHWA TOPHOr0 NABJIEHUA B 3ABOSAX JIAB OYUCTHbBIX
KOMMNEKCOB NMPU OTPABOTKE KAITMWHbLIW NMNACTOB
Bonyek O. M., KoHgpatuuk H. 10., Lepba E. B.

METOO 3A OMNPEOENAHE HA OBOBLIEHUTE HAMPEXEHWA B MPABObBIbJIHU
noaabPXALLX LENALX
Hukonain Hukonaes, MapwaHa TpudoHoBa

ONbIT UCNONb30BAHUA QEMOHTAXHbIX BbIPAEOTOK B JIABAX C BbIHUMAEMOW
MOLLHOCTbIO MONE3HON0O WCKOMAEMOro 1,2-1,4 M HA PYOHUKAX OAO
«BEJIAPYCbKATIU/»

Moasrosenko M. C., Epoxun K. A., 3aay W. M., KoHonnsHuk A. B.

OCOBEHHOCTH MHTEPNPETALMA PE3YJIbTATOB OLIEHKMK HECYLLEHN
CNOCOBHOCTM KPEMW LWAXTHbIX CTBONOB HA OCHOBE PACYETOB,
BbIMONHEHHbIX METOAOM “OrPAHMYEHMA CXOOMMOCTWU” (CONVERGENCE-
CONFINEMENT)

l'epapa A. LLep6akos, Buktop C. YceHrko, H. A. JIunHuukui

FEOMEXAHWYHA CBLUHOCT HA MHOFOCTAAMMHW OOBMBHW TEXHONOMMM 3A
PA3PABOTBAHE HA OEBEJIU U MHOIO AEBENA PYOAHU TENA
l'eoprn Muxainos, eopru Tpanos

INFLUENCE OF MASS-MINING FROM OPENCAST MINING “GRIVICE” TO STABILITY OF
UNDERGROUND ROOMS OF EXCAVATION “OMAZICI”
Munever Cergi¢, Hamid Husi¢, Amira Jalmanovi¢, Senad Cergi¢

PACHET OB[ENOK NAPANNENbHbIX TOHHENEW, COOPYXEHHbIX B TPYHTE,
NOABEPXXEHHOM YKPEMUTENbHOW LIEMEHTALIUA
B. b. lpnbanos, C. B. AHumudepos, A. C. Cammans, H. H. ®otueBa

85

94

101

109

17

124

132

138

148

159

167



v )

"F’

w

|'?°

F =N

|‘?°

(3,

“."

D

|‘?°

-~

“."

©o

"F’

o

|'?°

o

o

o

(@]

ObNbr OBYOUWAMETPANEH AHKEP 3A KPEMNEHE HA MWHHU W3PABOTKW C
OrPAHUYEHU PASMEPU
[. CtosiHyes, Kp. [lepMeHmxumeB

ON THE EFFECTIVE STRESS OF THE POROUS ROCKS SATURATED WITH GASES
AROUND A VERTICAL WELLBORE
Petru Ciobanu, Lazar Avram, Dan Aron

FEOMEXAHWYHWU YCnoBUA NPU KOMBMHWUPAH MMHEH METOO 3A NOA3EMEH WU
OTKPWUT AOBUB B HAXOOWULLA HA NMOJIE3HU N3KOMAEMU
Munyo Munues

OB30P [JAHHbIX MHCTPYMEHTANIBHOIO KOHTPOIA HAMPSXXEHUA B MACCUBE
TALWUTATONbCKOro MECTOPOXOAEHUA
A. JleoHTbEB

KOMMNEKCHATA U JOCTOBEPHA XAPAKTEPU3ALIUA HA MACWUBA - OCHOBEH ETANN
HA TEOMEXAHWYHOTO OCUI'YPABAHE HA MOA3EMHUA OOBMB HA MOJNE3HU
M3KOMNAEMU

l'eopru [Javes, BeHuyucnas VBaHos

OBOCHOBAHUE NMAPAMETPOB PAMHO-AHKEPHOIO KPEMNEHUA BbIPABOTOK B
ycnoBuax CNABOMETAMOP®U3UPOBAHHbIX MOPOL
Bnagumnp BoHaapeHko, MenHaguin Cumanosuy, Bagum CoukoB

MU3NON3BAHE HA MbJIHOTO KOH®UI'YPALIMOHHO NMPOCTPAHCTBO MPU OLIEHKA HA
3ABUCUMOCTUTE NPEOCTABEHW YPE3 YACIIEHO MHOIOOBPA3UE
tOnusH QumuTpos

W3CNEOBAHE TOYHOCTTA HA OPA3MEPABAHE HA KPEMEXA MO METOOA 3A
OLIEHKA HA 3ABUCUMOCTUTE
tOnusH Oumutpos, Ctedka umutposa

HOCELLA CNOCOBHOCT HA BKOMAHW AHKEPHM NNOYX HA BETPOU3MEPBATENHU
MAYTU NPU PA3NTWYHU TEONIOXKK YCNOBUA
Codns XKekoBa, JleHa Muxosa

OLIEHKA X KOHTPOIlb HAC MOOPABOTAHHOM TOJWLKX noPoA MNPU CNOEBOU
KAMEPHO-LIEJTMKOBOW PA3PABOTKE C TBEPOEKLWEN 3AKNAOKOU
bapbiwHukos B. [., Maxosa J1. H.. bapbiwHukos [. B.

EOQMH noaxon 3A ONPEAENAHE HA HANPEXEHUATA B HAMNACTEH MACUB OKOJ1O
M3PABOTKA
B. M. TpuchoHoBa — [eHoBa
Topic C
YcToMuMBOCT Ha BopToBeTE M OTKOCUTE.
Stability of flanks and slopes.
YcTonumBocTbL GOPTOB U OTKOCOB.

YNPABJIEHUE HA YCTOWYMBOCTTA HA OTKOCA HA BOPJA HA OTKPUT PYOHWUK NMPU
NPUNArAHE HA KOMBUHUPAHA CUCTEMA HA PA3PABOTBAHE
CrosH XpucToB



OLUEHKA HA FEOTEXHUYECKUTE Bb3MOXHOCTU 3A BTOPUYHO M33EMBAHE HA
AOJNIHUA XOPU3OHT HA BBTPEWHOTO HACWUMULLE HA PYOHUK ,TPOAHOBO-1“,
KNOH HA ,MUHU MAPULIA U3TOK" - EALl

Buoneta VBaHoBa, aBen Kapayonos, [JaHnena ManuHosa, Nasen NaBnos

OLEHKA HA YCTOMYMBOCTTA HA IOrO3AMAQHUA BOPA HA PYOHUK , TPOAHOBO-
CEBEP“ - KIIOH HA ,MWHU MAPWUUA WU3TOK“ - EAL, C PELLABAHE HA OBEMHA
3AOAYA

MBanno Bacunes, MBaH 'vaukos, Masen Kapayonos

YBENMWYABAHE HA CTATUYHATA U [OWHAMMYHA  YCTOWYMBOCT HA
XBOCTOXPAHUIIULLIE »DEHKOBCKMU-2* YPE3 YNITbTHABAHE HA
XUAPOLIUKNOHUPAHUA XBOCT

Kpacummp I .Manamos, VoaHa Banayesa, Veaiino Crates

ASSESSMENT OF SLOPE STABILITY OF EXTERNAL DUMP - SETTING THE MAXIMUM
HEIGHT OF ELEVATION
Zoran Panov, Radmila Karanakova Stefanovska, Kirco Minov, Blagica Doneva, Risto Popovski

Topic D

FeoaMHaMMyHM BBH3AEUCTBUA BbpPXy noA3eMHU WU HaA3eMHU WU3KOMHU
CBHOpPDBXKEeHUs. FeomexaHW4HO ocurypsiBaHe Ha CpPyTULUa n cenavyuila.

Geodynamic impacts on underground and surface excavation equipment.
Geomechanical securing of rock falls and landslides.

FeoguHamuyeckue BO3AEUCTBUSA HAa MNOA3EMHble M NMOBEPXHOCTHbIE
COOpYXeHMs B  pe3ynbTate  NpoBedeHWA  3eMNAHbIX  paborT.
FeomexaHnyeckoe obecneyeHne o6pyLIEHNA U ONON3HEN.

CUCTEMA YNPABJNEHUA OMNACHbIMM [OUHAMWUYECKUMW COBbLITUAMU MNPU

MNOA3EMHOWN PA3PABOTKE MECTOPOXAEHWA NONE3HbIX UCKONAEMbIX
Kypaskos M. A., Mpywak B. A.

MPOrHO3 OMACHBbIX AWHAMMYECKWX NPOABNEHUA TOPHOIO [OABJNIEHUS B
HWKXHUX NABAX NPU CIIOEBOM BbLIEMKE TPETBEFO KANMUWHOIO NMACTA
CTAPOBMHCKOIrO MECTOPOXOEHUA

[apHuwesckun A. A.

REHABILITATION OF THE LANDSLIDE - MONITORING, MEASURES AND PROCEDURES
FOR FAST REHABILITATION
Zoran Panov, Radmila Karanakova Stefanovska, Kirco Minov, Blagica Doneva, Risto Popovski

3A AKTUBU3WUPAHE HA FEOOUHAMWYHU NPOLIECU MO MBbTULWIATA B COPUUCKA
OBJIACT
Emun AHgoHoB

FEOMEXAHWYHM NPOBJIEMWA W PELWIEHMA NPU M3XOOHUA YYACTBK HA TNM
TYHENW B rPAACKU YCITOBUA
Hukonan XKeues

260

268

275

289

297

305

311

317

326



’I‘ﬂ
| ]

o

m

Topic E

Mapkwangepcku MetToaM W KOMMIOTBLPHU CUCTEMM 3a HaOnwoaeHue M
ynpaBneHue.

Mine-surveying methods and computer systems for monitoring and
management.

Mapklengepckme MeToabl M KOMNbIOTEPHbIE CUCTeMbl HabnogeHus W
ynpaBneHus.

MAPKLUAMOEPCKW OEMHOCTU B YCNYIA HA TEOMEXAHUKATA 3A YCNOBUATA HA
PYOHUK YENOMNEM
Ceprein Muxanes, Xpucto [Jobpes

FEOMEXAHMHVECKMVI MOHUTOPWUHI ﬂOﬂKAPbEPHOF[ NOTONOYUHbI MPU CNOEBOW
HUCXOOALWEN CUCTEME PA3SPABOTKN C 3AKIAOKOU
BapbiwHwkos B. [1., bapbiwHukos [. B.

MPOrPAMHA PEANMU3ALUMA HA EOWH HENWHEEH CTOXACTMYMEH MOAOEN B
MEXAHUKA HA MYJIOATA - NMPABA 3AJAYA
Muxaun Bbnkos, PagoctuH Kapakepesos

NMPOrPAMHA PEANU3ALMA HA EOWMH HENMWHEEH CTOXACTWUYEH MOJEN B
MEXAHUKA HA MYNOATA - OBPATHA 3AJAYA
Muxaun Bbnkos, PagoctuH Kapakepesos

SECURITY MEASURES TO ELIMINATE AND PREVENT RISKS IN MINING
Blagoj Gjorgievski, .Zoran Bogdanovski, Mende Pecakovski, Risto Dambov

ABTOMATU3UPAHE HA W3MEPBAHMATA MNPU METOOA HA CTPAHWUYHOTO
HUBEJTUPAHE
Togop Tpenaadunos, AHucnae TpeHaadmnos

M3YYABAHE HA OE®OPMALUUOHHOTO CBHLCTOAHUE HA CKANHUA MACUB TMPU
U33EMBAHE HA BbrfULHU 3ANMACU B BNIU3OCT OO BEPTUKAITHA LUAXTA YPE3
MAPKLUAMOEPCKN U3MEPBAHUA

Anekcanzbp LioHkoB

NPUMEHEHUE WHCTPYMEHTAJIbHbIX METOLOB and OWATHOCTUKKU
MEXAHWYECKOrO COCTOSHUA W CBOWCTB XENE3OBETOHHOM  KPEMW
MOO3EMHbIX COOPYXEHWUN

Bacunui bapbiwHukos, Omutpuin bapbiwHukos, Anekcen XMenuHuH

TEXHONOIMun CI'IYTHVIKOBOVIV WHTEP®EPOMETPUN KAK QJNEMEHT CMUCTEMbI
MOHWUTOPUHIA 3A AUHAMWKOW OCEOAHWUX 3EMHOW NOBEPXHOCTHU
Kypaskos M. A., KoHosanos O. J1., boraaH C. U., Xeecens C. C.

M3CNEABAHE U AHANIU3 HA TPEWKW, OBbMKAWW CE HA PA3CTOAHMUETO,
ANBEAOTO, PA3NMWYEH ©BrblJl, ObXA WU MbBIIA MPU BE3PE®IEKTOPHU
M3MEPBAHUA

MuneHa berHoBcka, lNnamen Casos, Axmen Kexainos, CumeoH BeHkos

RATIONAL MAINTENANCE AND EXPLOITATION OF MACHINES AND VEHICLES
AUXILIARY MACHINERY IN THE DEVELOPMENT AND APPLICATION SOFTWARE
GPS/GPRS APPLICATIONS CE (INFORMATION SYSTEM SUPPORT MECHANIZATION) IN
EPS, BRANCH TE-KO KOSTOLAC SURFACE MINE 'DRMNO’

RadiSa Buri¢, Zoran MiloSevi¢

335

341

349

357

363

368

372

380

386

394

402



Topic F
Ekonorusa n onazsaHe Ha OKonHaTta cpepa.
Ecology and environment protection.

dKonorus n oxpaHa oKpyxatoLei cpeasbl.

HOMOGENIZATION OF COAL AND FREQUENTLY REGULATED DRIVES ON THE OPEN
PIT MINE TAMNAVA WEST FIELD (TWF)
Vucetic Slobodan and Jovanovic Zeljko

HOBW CTPATErMU 3A PA3BUTUE HA EHEPIMWHWA KOMMNNEKC ,MAPULA-U3TOK“
CbOBPA3HO EKOJIOF'MYHUTE CTAHOAPTU B PEMYBJIMKA BBITTAPUA
Tenyo Kanpskos, 'eopr KoHcTaHTUHOB, BeHko belukos

3AKAYKA XMOKUX OTXOAOB B rMYBOKWUE NMOA3EMHBIE KOJITEKTOPA
BukTop C. YceHko, lepapa A. Wep6akos, H. A. Jiunkuukvi, T. Y. JamauHosa

OMA3BAHE HA CrepAOM WU CBHOPBXEHUA MPU PA3PABOTBAHE HA PY[OHWU
HAXOOWLLIA NO NOA3EMEH HAYUH
KoHcTaHTuH l'eoprues

MANAGING OF A MINE ACTIVITY FOR A CONTROLLED IMPACT ON THE ENVIRONMENT
Skénder Lipo, Jorgaq Thanasi

EBONMKOLUNA HA TEMNEPATYPHUTE UHBEPCUWU B OTKPUTU PYOHULIM U KAPUEPU
Mnamex Casos

413

415

418

424

432

437



Proceedings of the VII International Geomechanics Conference
27 June - 01 July 2016, Varna, Bulgaria

GEOPHYSICAL AND GEOMECHANICAL CHARACTERISTICS OF GABBRO
FROM LOCALITY PANTELEJ, MACEDONIA

Krsto Blazev', Blagica Doneva', Todor Delipetrov!, Gorgi Dimov', Marjan Delipetrev', Zoran Panov'
University of Goce Delcev, Faculty of natural and technical sciences, Stip, krsto.blazev@ugd.edu.mk

ABSTRACT

The paper represents the geophysical and geomechanical characteristics of gabbro from the locality Pantelej
in Macedonia. This gabbro is wide spread and it intruded in Paleozoic chlorite - sericite and graphite schists. In
the area of the monastery Pantelej, above the gabbro lay sandstone and limestone from Upper Eocene and in
some parts are intruded by the products of Kratovo - Zletovo volcanism. The age of the gabbro is determined
as Jurrasic.

Analysing the geophysical characteristics, suitable methods for their exploration are seismical methods, due to
relative large velocities of propagation of the elastic waves in gabbro.

From geomechanical aspect, gabbro is very suitable for application in civil engineering due to its strength and
elastic features, and its colour gives possibility to use it as decorative material.

Keywords: gabbro, geomechanical characteristics, geophysical features.

Introduction

In the part of Eastern Macedonia, where the exploration terrain is located, geological composition of the
terrain is very complex, from the aspect of lithology and tectonic. This part of the country, according the
tectonic regionalization, belongs to Eastern Macedonian zone and smaller part belongs to Vardar zone. The
contact between the Eastern Macedonian zone and Vardar zone is clearly marked with profound fault that
separate Vardar zone from Serbian - Macedonian mass. This deep structure is channel for magma masses
which additionally complicate complex lithological structure of this region.

Conducted geological investigations, especially from Geological Institute of the Republic of Macedonia,
limited the gabbro complex and relatively detailed located the complex of gabbro in the area of Pantelej. With
these investigations are obtained primary physical and mechanical, chemical, petrologic and mineralogical
data for gabbro.

Geological features of gabbro

Gabbro occupies large area in the region of monastery Pantelej and Bogoslovec near Stip. Gabbro near
Pantelej occurs as large masses between the vilages Stalkovica and Nivicani. They intruded in chlorite -
sericite and quartz - graphite schists form Paleozoic. In the area of the monastery Pantelej, above the gabbro
lied Upper Eocene sandstone and limestone, and the other parts are intruded with quartz - monzonite or
covered with hornblende - augite - biotite andesite. They have grey - green color, massive texture with large
crystals of colored components. Often are crushed and altered and locally are limonitized, kaolinized and
uralitized. The structure is hipidiomorphic granular. In the composition are present basic plagioclases which
are partialy or fuly transformed into epidote - coisite. Primary pyroxene is fully transformed in secondary
amphibole, but also are present relics of primary crystals of monoclinic pyroxene. Lower presence show other
colored minerals such as olivine which is serpentinized [1, 2].

Accessory minerals are leucoxene, rarely apatite and tremolite.
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Fig.1: Geological map of the investigation area

Chemical, physical and geophysical parameters of gabbro

Examinations from chemical aspect showed that gabbro has the following composition:

SiO; 45,14% MgO 2,91 %
TiO: 0,26 % Ca0 15,80 %
Al0; 24,50 % Na,0 0,71%

Fe20; 3,20 % K0 0,69%

FeO 4,59% H20 2,50%

MnO 0,22%
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Conducted research for determination the gabbro density with analysis of samples from different locations
showed that density varies within 2,85 - 3,12 g/cm3 or average density of 2.98 g/cm3. Relatively wide density
interval for gabbro is result of the different degree of cracking of the rock massif. From the investigations is
concluded that from the surface in depth the density increases, and the degree of cracking decreases.

Thermal characteristics of gabbro

Rock masses are characterized by coefficient of heat conductivity (k), coefficient of temperature
conductivity (a) and specific heat (c).

The coefficient of heat conductivity (k) shows the amount of heat passing through unit area during the unit
time, when the temperature drops 1°C per unit length. It is denoted by (k), and is expressed in units W/mK.

Specific heat (c) shows the amount of heat, expressed in calories, and need to heat unit mass for 1°C.
The dimension of the specific heat is kd/kgK. Thermal features of gabbro are presented in table 1. [3]

Table 1: Thermal features of gabbro

Rock Thermal conductivity (k) | Temperature conductivity (a) | Specific heat (c)
[W/mk] [108 m2/s] [kJ/kg C]
Gabbro 1.7-2.9 0.78-1.3 0.68-1.0

Electrical characteristics of gabbro

Conducted in situ investigations of geoelectrical aspect showed the following results: the specific electrical
resistivity of gabbro is within the interval 1 x 106 - 1,5 x 108 Q/m.[3]
Geoelectrical measurements were performed with Terrameter SAS 1000.

Magnetic characteristics of gabbro

Analyses made for the magnetic properties of gabbro showed that magnetic susceptibility is in range
0,0055264 to 0,51496 expressed in Sl units [m3 / kg]. These data and the presence of minerals of iron and
titanium, which have significant presence in the surrounding, give possibility for application of geomagnetic
method in the explorations of gabbro. [3]

Seismic characteristics of gabbro

Seismic investigations are dominated as geophysical method in defining the geomechanical parameters
of the rock masses, because, unlike other geophysical parameters, these directly indicate the condition of the
rock masses in relation to cracking, density and its elastic properties. Conducted explorations showed that
seismic velocities of gabbro depend on more parameters such as degree of cracking, depth of dipping and its
elastic properties. In table 2 are given velocities of seismic waves in gabbro in function of pressure.

Table 2. Average wave velocities as a function of pressure

200 MPa 400 Mpa 600 Mpa 800 Mpa 1000 Mpa
Gabbro |V, Vs v, Vs v, Vs v, Vs v, Vs
7438 | 3.862 | 7.200 | 3.888 | 7.241 | 3.905 | 7.273 | 3.918 | 7.299 | 3.929
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Geomechanical characteristics of gabbro

Regarding the use of rocks as building stone, especially important are geomechanical characteristics, and
when it comes decorativeness should not be underestimated and the color and the possibility of obtaining a
high glossy surface. On the investigating terrain was applied seismic method in order to define the degree of
cracking and the zone of more compact rock massif that may be of interest to produce blocks that would have
a commercial effect.

Collected and processed data showed that degree of cracking of the gabbro massif is not the same
everywhere. From analyzing the fissure systems can be concluded that on the area north of the monastery
Pantelej dominated two systems of cracks with dip elements 355/50° and 60/30°, and present are a few less
pronounced crack systems. [4]

The end northwestern part of the massif, south-east of the village Stalkovica dominated system of
subvertical to vertical cracks with orientation 245-65 °.

The analyzes indicate that the surface cracking of gabbro is relatively large and varies within the range
from 5 to 15 m in depth and there are fissure systems inside gabbro massif that differ in intensity and dip
elements.

On the investigating area was conducted the method of measurement with georadar with 400 V
transmitter and antenna system of 100 MHz. With this equipment were recorded four georadar profiles to
depth of 24 m, and recording is performed with the array of profile points on every half meter (fig. 2). The
processing of measurements was with the software "EKKO_View Deluxe".

— 2.
| |

1

1"  Trace of recording of georadar profiles

Fig.2: Geological map of the investigation area

Based on the results from geophysical explorations, on gabbro massif was made regionalization (vertical
and horizontal) and were separated two zones:

- zone with relatively compact gabbro and

- zone of relatively cracked and crushed gabbro.

In the zones of relatively compact gabbro, i.e. zones A, A1, A2, and As rock mass is well preserved, and in
the zone with relatively cracked and crushed gabbro, rock mass is very cracked and crushed and this gabbro
is practically unproductive and is not part of further investigations. [4]

Zone A appears on profile 3 on the west edge of the massif. Its area is around 1500 m2. Surface cracking
of gabbro in this zone is within 6 - 15 m.

Zone A1 occur on profiles 1, 2 and 3. Total area is about 1700 m2. Surface cracking is 6 - 12 m.

Zone A; is registered on the profiles 1, 2 and 3 with total area of 1800 m2 and surface cracking form 6 to
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10 m.

Zone A3 is present in the edge east part of the gabbro massif and appears on the profiles 1, 2 and 3. Its
area is 650 m2. Surface cracking is within 6 - 10 m.

These data showed that on the studied part of the gabbro massif with total area of 20000 m2, zone of
relatively compact gabbro covers 5650 m2.

AR
AR

Fig. 3: Horizontal regionalization of gabbro massif

NW PROFILE 1

PROFILE 3

Fig. 4: Vertical regionalization of gabbro massif
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From the conducted field and laboratory examinations of the gabbro massif on locality Pantelej, we can
separate crushing as a very important geomechanical characteristic of gabbro (table 3) which is of special
interest in building industry. [9]

Table 3. Coefficient of empirical criterion of fracture, according Hawk and Brown, 1980

_ Excelent verygood | g quality, | Poor quality, very poor

Monolite quality, quality, quality,

, cracks on cracks on
without cracks | unchanged cracks on cracks on
_ . 0.5-1[m] 30 - 50 [cm]

Gabbro Q=500 monolite 1-3[m] Q=10 Q=01 1-5[cm]
RMR =100 Q=100 Q=100 RMR ='44 RMR ='23 Q=0.01

RMR = 85 RMR = 85 RMR =3
m=25 m=125 m=25 m=0.5 m=0.13 m =0.025

Conclusion

Gabbro rock massif on the exploration locality show high quality of physical - mechanical characteristics
and as a material (buffer and granulate) it can be used in civil engineering. It is for the fissured surface layer of
the investigation area, and under the surface, on depth above 6 m is possible exploitation of blocks which
would be used for creation of plates and elements of interest for construction of monuments and decorative
building stone.

Physical - mechanical characteristics show that built objects, monuments will have stabile properties for
relative long time period, as well as stabile features of quality and color.
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