T’OAVLHIHUK HA
MUWHHO-TEOAOXXKU YHUBEPCUTET \/
»CB. UBAH PUACKUN”

MMWHHO-TEOAOXXKHA

ToM 64 YHUBEPCUTET
,CB. UBAH PUACKU“

ANNUAL OF THE
UNIVERSITY OF MINING AND GEOLOGY
“ST. IVAN RILSKI”

Volume 64

Codua 2021
Sofia 2021




rOAULLHUK
HA
MWHHO-'EOJNIOXKWU YHUBEPCUTET
»CB. UBAH PUIICKL“ - CODUA

TOM 64

ANNUAL
OF
UNIVERSITY OF MINING AND GEOLOGY
"ST. IVAN RILSKI" - SOFIA

VOLUME 64

A

2021



PEOAKLMOHHA KONEMUA

[ou. o-p MapwaHa TpucoHoBa — rnaBeH peaakTop

Mpod. arH CtedhaH [umoscku

Mpod. a-p MapwHena MNaHanoTtoBa

[ou. a-p bopuc Bbnyes

[ou. o-p EBreHust AnekcaHgposa

Hou. a-p fAceH MopbyHos

Hou. o-p Hukonan AHeB

n.ac. MuneHa lNbpBaHoBa — CTUIMOB pefaKTop aHIMUACKN e3uK

WHx. KoctaguHka KoHakuuiicka — cekpeTtap

EDITORIAL BOARD

Assoc. Prof. PhD Mariana Trifonova — Editor-in-Chief
Prof. DSc Stefan Dimovski

Prof. PhD Marinela Panayotova

Assoc. Prof. PhD Boris Valchev

Assoc. Prof. PhD Evgeniya Aleksandrova

Assoc. Prof. PhD Yasen Gorbunov

Assoc. Prof. PhD Nikolay Yanev

Assist. Prof. Milena Purvanova — English Editor

Eng. Kostadinka Konakchiyska — Secretary

MuHHO-reonoxku yHusepcuteT ,CB. MBaH Puncku®
1700 Codpus, Bvnrapus

yn. ,[1podh. bosH KameHos* 1

http://www.mgu.bg

University of Mining and Geology “St. Ivan Rilski”
1, Prof. Boyan Kamenov Str.,
1700 Sofia, Bulgaria

ISSN 2738-8808 (print)
ISSN 2738-8816 (online)

W3paTencka kbwa ,Cs. MeaH Punckun®, Codms, 2021
Publishing House "St.Ivan Rilski", Sofia, 2021


http://www.mgu.bg/

CbAbPXAHUE
CONTENTS

cekums JOBUB U MPEPABOTKA HA MMHEPAIHU CYPOBUHHU
secTioN MINING AND MINERAL PROCESSING

AceHoecku, C., [. Feopauee, AHanus Ha 3aBMCUMOCTTa Ha NapamMeTpuTe npy MaTeMaTNYECKO

MOZENMpaHe B OTKPUTO pa3paboTBaHe
Asenovski, S., D. Georgiev, Analysis of parameter dependency in mathematical modelling of open-pit mining

bunes, Bn., I'. Muwes, YnpasneHue Ha B3pMBOCEU3MUYHOTO BIIMSHUE MPU U3BBLPLLBAHE Ha

B3puMBHYK paboT B 6nM30CT 40 OXpaHsemMn 06eKTU B yCOBUSTA Ha PyaHuK ,Enauure”
Bilev, V., G. Mishev, Managing seismic impact while blasting near safeguarded objects under the conditions of the
Ellatzite open-pit mine

Bacuneea, E., L. [TbpeaHosa-MaH4eea, B. belukoB, BnusiHne Ha NOCTOSIHHO €NEKTPUYHO None

BbpXY BropasrpaxnaHeTo Ha XanoreHnpaH 3aMbpeuTeni
Vasileva, E., Ts. Parvanova-Mancheva, V. Beschkov, The effect of constant electric field on the biodegradation of
halogenated pollutants

Benuykoea, K., [J. Kpexoea, MOHUTOPUHI Ha OKOMNHaTa cpefia Ypes XunepenekTparnHi

AWCTaHLUMOHHU 13cneaBaHnA: OTKpUBaHe Ha CTpeC B paCcTUTENHA ekocucTema
Velichkova, K., D. Krezhova, Hyperspectral remote sensing in environmental monitoring: stress detection in a plant
ecosystem

Hebenawku, K., M. Hukonoea, W1360p Ha nogxop 3a usrpaxgaHe Ha MHGpacTpykTypa 3a
ynpaeneHnue Ha otnagbuute B PCYO - KoctuHbpog

Debelyashki, K., M. Nicolova, Selection of an approach for the construction of waste management infrastructure in the
Kostinbrod area

Hdumumpoes, 4., 4. Qakos, C. Yaedapoea, /3nonseaHe Ha cneynanmampaHa MMHHa TEXHUKa

(barep) Npu 0hOpMSHE Ha PYyAHWUYHUTE OTKOCK
Dimitrov D., D. Dakov, S. Chavdarova, Using specialised mining equipment (excavator) when forming the pit walls

Humumpoe, /1., []. Kaiikos, Bb3MOXHOCTI 32 KOMNOCTMPAHE Ha OpraHUYeH MaTepuan 3a HyxauTe
Ha peKynTueauudaTa Ha MUHHU obekTn
Dimitrov L., D. Kaykov, Possibilities for organic material composting for the needs of mining site reclamation

UeaHoe, U., U. Bacunes, I'. [lempoe, [. beHoe, Pa3sutue Ha cuctemata ACMO Mogyn B pyaHuk
;Enauute’
Ivanov, L., I. Vasilev, G. Petrov, D. Benov, Developing the ACMO Module system in the Ellatzite open-pit mine

Kalikoe, [., Y. Konpee, CToxacTuueH Noaxop 3a onpeaensHe Ha pauyoHanHuTe MeCTOMNONOXKEHUS
3a NoCTaBsiHe Ha AaTyMUM, NpocneasiBally OTMECTBAHETO Ha ckanaTa npy B3pUBsiBaHe

Kaykov, D., I. Koprev, A stochastic approach for determining the rational places for installing blast movement monitoring
sensors in the blasting area

Kanasupcku, W., K. FupauHoe, I1. Hedsinkoea, EnekTponuTHO OLBETSBAHE HA NOPbO3HM aHOAHM
anyM1HUeBM umm
Kanazirski, I., C. Girginov, P. Nedyalkova, Electrolytic colouring of porous anodic aluminium films

Murkoea, M., [eHeTUYHO MHXeHepHN BakTepumn 3a pemMeamnaLms Ha okonHaTa cpeda
Minkova, M., Genetically engineered bacteria for environmental remediation

13

18

19

25

29

33

37

43

49

53



Monnoea, 3., PazpaboTka Ha MOZen 3a OLeHKa Ha Bb3AENCTBMETO HA B3pVBa BbPXY Crpaam U

CbOpBXEHNA NPU N3NON3BAHETO HA B3PMBO3ALUTHIN CTEHU
Mollova, Z., Development of a model for assessing the impact of an explosion on buildings and facilities when using blast
walls

Heliveea, E., []. AHacmacos, 3. Efpmumoe, AHann3s Ha MHOBaTUBHWTE PELLEHMS NpK

pa3paboTBaHe Ha 3anacute B pyaHuk [xypkoso* Jibku MHBecT Afl
Neycheva, E., D. Anastasov, Z. Eftimov, Analysis of the innovative solutions in the development of the reserves in the
Dzhurkovo mine, Lucky Invest JSC

Hukonoe, U., J1. CeuneHoe, MeTogornorus 3a onpeaensiHe Ha onTuManHara gbnboynHa npu
pa3spaboTBaHe Ha ,llepcnekTuBeH KOHTYp® 3a pyaHuK ,EnauuTte” Ypes cneymanmsmpad MUHEH
copryep ,HXGN-MINEPLAN™3D”

Nikolov, L., L. Svilenov, Methods for defining perspective pit shell optimal depth of the Ellatzite open-pit mine, by using
the HXGN-MINEPLAN™3D mining software

Hukonos, Ue., P. ﬂempoea, Ona3sBaHe Ha OKofnHaTa cpefa — aHann3 Ha gaHHUTE 3a aHTPOMNOreHHo
NOBMIUSHATE OT MUHHATA AENHOCT 3eMEHM NOSCK Ha rpan nepHVIK

Nikolov, 1., R. Petrova, Environmental protection — analysis of the data on the green belt sites of the town of Pernik,
which are anthropogenically influenced by mining activities

lMbpeaHosa-MaHyesa, L., E. Bacunesa, B. bewkoe, TonepaHTHOCT Ha LamoseTe Xanthobacter

autotrophicus GJ10 n Pseudomonas putida kbM theHona
Parvanova-Mancheva, Ts., E. Vasileva, V. Beschkov,Tolerance of Xanthobacter autotrophicus GJ10 and
Pseudomonas putida strains to phenol

Caeoe, I1., B. Xpucmoe, C. Tonanos, /3cnegBaHe Ha Ka4eCTBOTO Ha Bb3ayXa B rpafcku napkose
C NOMOLLTa Ha HEBPOHHW MpEeXy
Savov, P., V. Hristov, S. Topalov, Air quality investigation in urban parks using neural networks

Caeoes, I1., H. Kones, M. Baukuyesa, K. Benuukoea, [. Jumumpos, b. Bnadkoea, BrisiHne Ha

rPaAcKuTe NapkoBe BbpXy 3aMbpPCABAHETOTO Ha Bb3yXa
Savov, P., N. Kolev, M. Vatzkitcheva, K. Velichkova, D. Dimitrov, B. Vladkova, Urban parks and their relation to air
pollution

Cmoliveea, H., 1. lWuwkoe, OnTUMM3NPaHe Ha HEAETOHMPALLY 3apsamn B MOIUMEPHM KOpNyCK 3a

npeynsHn B3pmBHA paGOTVI B Kapuepu 3a CKaJ'IHOO6J'II/ILJ,OB'bHHI/I Matepuanu
Stoycheva, N., P. Shishkov, Optimisation of non-detonating charges in polymer housings for cautious blasting activities
in dimension stone quarries

Tep3utcku, 4., /1. Qumumpos, . Kaiikoe, CpaBHuTeneH aHanus mexay paboTata Ha kocosa

TpoLuayka n MoburHa TpoLayka B Kapuepu 3a BapoBWK
Terziyski, D., L. Dimitrov, D. Kaykov, A comparison study between bucket crusher and mobile crusher performance for
limestone quarries

SHakuee, B., M. bosiOxuee, YCTpOIACTBa B CUCTEMU 3a ANCTAHLMOHHO HabNoaeHne 1 ynpaenexme

Ha cpeAcTBaTta 3a TbProBCKO M3MepBaHe Ha NPUPOAEH ra3
Yanakiev, V., M. Boyadzhiev, Devices in remote monitoring and control systems for commercial measurement of natural
gas

Sukoea, T., T. AHeenoe, Y. Huwkos, 3cnefsaHns BbpXy BELLECTBEHUS CbCTaB U PU3mKo-

MEeXaHWYHWUTE CBOWCTBA Ha MeaHoNnopdupHa pyaa
Yankova, T., T. Angelov, I. Nishkov, Investigations on the composition and the physico-mechanical properties of
porphyry-copper ore

56

60

64

70

75

76

81

87

92

98

103



cexuna FEONOMMA U NPOYYBAHE HA MUHEPANHUW U EHEPTUAHWU PECYPCHU
secTion GEOLOGY AND EXPLORATION OF MINERAL AND ENERGY RESOURCES

Acnapyxos, b., 3natHata MeTanyprsi — UMBUIM3ALMOHHUAT NPUHOC Ha ApeBHUTE Bbrapu 111
Asparuhov, B., Golden metallurgy - the civilisation contribution of ancient Bulgarians

banywes, b., C. Jumoscku, H. CmosiHoe, KomnnekceH Noaxop 3a kapTupaHe Ha 116
MPUNOBBPXHOCTHUA pa3pes3 B KAPCTOBU TEPEHM
Banushev, B., S. Dimovski, N. Stoyanov, An integrated approach for mapping the near-surface section in karst terrains

[Horeea, b., M. Jlenunempes, I'. Jumoe, Cen3mnynu NpoyyuBaHus 3a onpegensiHe ctabunHoctta 122

Ha CKaTa Nnpu KbCHOAHTUYHUA TEpMalieH KOMMJIEKC ,baHCKo" B peny6nv||<a CeBepHa MakenoHus

Doneva B., M. Delipetrev, G. Dimov, Seismic exploration for defining slope stability in the Bansko late antique spa in the
Republic of North Macedonia

Mepauyesa, I'., Mogenu Ha naneopekoHCTPYKLMS M reornoxko passutue Ha C3 vact Ha Tpakuinckmua 127
BacenH
Meracheva G., Paleo-reconstruction models and geological evolution of the north-western part of the Thrace basin

Todopoe, T., Mpobnemu, cBbP3aHN C HANMYMETO HA apXeonoruyeckit 06eKTM No Bpeme Ha 135
npoy4BaHeTo 1 AobKBa Ha NonesHu uskonaemu B bunrapus

Todorov T., Problems related to the presence of archaeological sites during the exploration and extraction of minerals in
Bulgaria

cekums MEXAHU3ALIUA, ENEKTPUOUKALIUA U ABTOMATU3ALNA HA MUHUTE
secTion MECHANISATION, ELECTRIFICATION, AND AUTOMATION OF MINES

Byueea, P., B. leHoea-TpughoHosa, OnpeaensHe HanpexeHnsiTa B HOX Ha kodha 3a pOTOPEH 143
6arep SRS 4000

Vucheva, R., V. Trifonova—Genova, Determining the stresses in a bucket knife of the SRS 4000 bucket wheel excavator

lopbyHoe, £1., P. AnekcaHopoe, X. Yer, OLeHka Ha MOLLHOCTTa npy 6E3CEH30PHO ynpaBnexne Ha 147
NnpeBKNio4BaeMu peakTMuBH OBuUraTenn
Gorbounov, Y., R. Alexandrov, H. Chen, Power estimation in sensorless control of switched reluctance motors

Humumpoe, A., H. UeaHosa, P. Heweea, H. SlHes, [ogroToBka Ha MHAYCTPUANHW AaHHM C LieN 151
u3nonssaHeto um B Big Data
Dimitrov, A., N. Ivanova, R. Nesheva, N. Yanev, Preparation of industrial data for implementation in Big Data

3n6yes, 3., PasnonoxeHne Ha cepuyHn Tena B KOHUYEH ByHkep 155

Zabtchev, A., The arrangement of spherical bodies in a conical bin

Munun, W., . Hedsinkoe, KOMMIOTBPHO CUMYNALMOHHO M3CMEABAHE HA MaHUNyIaTop, HOCeL 159
KbpTayeH Yyk RB-2701

Minin, I, P. Nedyalkov, Computer-based simulative study of an RB-2701 manipulator with a demolition hammer

ToHkoea, I'., C. [lynee, HamanssaHe Ha HaTOBapBaHETO NPW YCYKBALLM TPENTEHWS Ha Ban 165
Tonkova, G., S. Pulev, Reducing the elastic torsional moment of a vibrating shaft

ToHkoea, I"., BniusiHne Ha npexogHust y4acTbK Ha CThaneH Ban BbpXy YecToTaTta Ha cobcteeHute 168
TpenTeHus
Tonkova, G., Influence of the transition section of a stepped shaft on the frequency of natural oscillations



cexumna YCTOMUUBO PA3BUTUE HA MUHEPANHO-CYPOBUHHATA MHOYCTPUSA
secTioN SUSTAINABLE DEVELOPMENT OF THE MINERAL RESOURCES INDUSTRY

banes, B., []. Katikos, J1. Jumumpoe, /3cnefBaHe Ha CTPYKTYPHUTE HApyLWeHWUs Ha ckanHu otkocn 175

B 6nM30CT 40 OTAENHM y4acTbLUM Ha penybnnkaHckaTa mbTHa Mpexa
Balev, V., D. Kaykov, L. Dimitrov , A case study of the rock discontinuities in slopes situated near sections from the
state road network

bnazoesa, E., b. Kvpkos, M. [TbpsaHoea, CtyaeHTu-uHdopmatuum ot My ,Cs. MsaH Punckn“no 181

MbTA Ha NPOheCHoHanHaTa c1 peanusauns
Blagoeva, E., B. Karkov, M. Purvanova, IT students at the University of Mining and Geology "St. Ivan Rilski” along the
road of their occupational fulfilment

Mnwboea, b., 6. TpughoHoea, B. llempoea, E. Jumos, CTpaTerun 3a aganTupaHe Ha 187
NONUTUKIUTE MO yNpaBIiEHNe Ha YOBELLKUTE Pecypcu B NpenpusTusTa oT MUHepanHo-

CypOBMHHaTa NHOYCTPUA B KOBI/I,D, KOHTEKCT. TEOPETUYHN U NPUNOXHWN aCneKkTn
Galabova, B., B. Trifonova, V. Petrova, E. Dimov, Strategies for adapting human resource management policies in
mineral resource enterprises in the covid-19 contex: theoretical and applied aspects

Humoes, I1., X. Jobpesa, /13cneapaHe Ha cuctemarta 3a akageMmyHa KoMyHuKaLms BbB BoeHHa 192

akagemus "I'. Pakoscku"
Dimov, P. H. Dobreva, A Study of the System of academic communication in the Rakovski National Defence College

Kamunckui, M., M. Anacmacosa, H. SIHes, Ponsita Ha 4oBeLLK\S (hakTop Mpy MPUMOXEHMe 197

NOSMTUKUTE 3a U3rpaxaaHe KynTypa Ha CUrypHOCT NPW OHMaH NnaLlaH1s ¢ KapTu
Kaminsky, P., Y. Anastasova, N. Yanev, The role of the human factor in implementing security culture policies in online
card payments

KoHdes, I"., U. Muxatinoea, ineHTudunumpaHe Ha Knio4oBM Bb3MOXHOCTY 3a NofobpsiBaHe Ha 201

Oun3Hec npeacraBAHETO Npun ,EI,06I/IB Ha NUHEPTHW MaTepunanmn
Kondev, G., I. Mihaylova, |dentification of key opportunities for improving business performance in the extraction of
aggregates

MnadeHos, K., b. LjeHoea, /13non3BaHe Ha MoZen 3a MalUMHHO 00y4YeHne ¢ AbnroTpaiHa nameT 207

(LTSM) 3a nporHo3upaHe Ha OTKIOHEHWS B NPOrHO3UTE
Miadenov, K., B. Tsenova, Using a long short-term memory (LSTM) machine learning model to predict forecast bias

Mpokodghbeea, /1., H. Ky3oeneea, 3. bamba, YCTON4MBO pa3BMTME Ha HEPTEHM KOMMAHUM B 211

yCnoBua Ha HecTabunHa MKOHOMMKA
Prokofieva L., H. Kuzovleva, Z. Bamba, Sustainable development of oil companies in an unstable economy

CumeoHosa, [., B. Xxpucmos, Peanusaums Ha cuctema, 6asmpaHa Ha MKOHOMUYecKaTa MeToayka 217

L 1on3n—-Pasxoan” 3a NOBLPXHOCTHM BOAHM Tena oT /13To4Ho beromopckus pervoH
Simeonova, D., V. Christov, Implementation of a system based on the "Benefits-Costs" economic methodology for
surface water bodies from the East Aegean region

Cmpamuees, H., baHKoB puck — BUGOBE W ynpaBneHue 220
Stratiev, N., Banking risk — aspects and management

Copncmos, 3., M. Jumos, [leTEpPMMHAHTLX HA CTONHOCTTA B MUHHOZOOMBHIUTE NPEanpUATUS 225
Sarastov, Z., M. Dimov, Determinants of corporate value in mining

Todopos, [., TexHonaHaemus 230
Todorov, D., Techno pandemic

TpugpoHoea, b., MpunoxeHne Ha KOMMNETEHTHOCTHUS MOLEN 3a YNpaBneHue Ha YoBeLukuTe pecypcn 236

B MI/IHHO-,EI,06I/IBHaTa NPOMULLNEHOCT
Trifonova, B., Application of the competency model for human resource management in mining industry



loduwruk Ha MI'Y ,Ce. Usar Punicku®, Tom 64/2021 / Annual of the University of Mining and Geology “St. Ivan Rilski”, Vol. 64/2021

SEISMIC EXPLORATION FOR DEFINING SLOPE STABILITY IN THE BANSKO LATE
ANTIQUE SPA IN THE REPUBLIC OF NORTH MACEDONIA

Blagica Doneva, Marjan Delipetrev, Gorgi Dimov

University of Gotse Delchev, Faculty of Natural and Technical Sciences, 2000 Shtip, Macedonia, blagica.doneva@ugd.edu.mk

ABSTRACT. The Bansko late antique thermal spa is located in the south-eastern part of the Republic of North Macedonia, ten kilometres southeast of the city of
Strumitsa. The Bansko archaeological site covers an area of about 1500 m2, and the immediate vicinity of the site, which was the subject of research in terms of defining
slope stability on its southwest side, covers an area of about 2 ha.

Within the research of the exploration area, appropriate geological and geophysical researches were performed in order to define the slope stability.

Geophysical seismic surveys are planned and performed in accordance with the geological conditions of the location, as well as the methodology of the combined
seismic surveys. Seismic refractive and reflective surveys have been applied to define geomechanical parameters based on the fact that fragmented rock structures
tend to absorb seismic energy which ultimately results in a reduction in registered seismic velocities.

The seismic refraction method is applied in order to separate the surface earthen formations (based on the small values of the seismic propagation velocities) in the
slope above the Roman bath which can be destabilised by further excavation and urbanisation of the area, while the method of reflection is applied for a more detailed
limitation of the lime creations on the terrain, as well as for understanding the local tectonics that caused their occurrence.

Key words: spa, seismic, reflection, refraction, slope stability.

CEM3MWUYHM NPOYYBAHUA 3A ONPEAENAHE CTABMITHOCTTA HA CKATA NMPU KbCHOAHTUYHUA
TEPMANEH KOMMNEKC ,,6AHCKO” B PEMYBJIMKA CEBEPHA MAKELLOHUA
b. flonesa, M. lenunempes, I'. Jumoe

PE3IOME. KbCHOaHTUYHWST TepManeH KoMnnekc ,baHcko” ce Hamupa B torousTouHaTa yacT Ha Penybnvka CeBepHa MakegoHus, Ha AeceT KUMoMETpa Krou3To4uHO
o1 rp. Ctpymuua. Apxeonorndeckusit 0bekt ,baHcko” obxsala nnowy ot okono 1500 M2, a HemocpenCcTBeHaTa OKOMHOCT Ha 0BekTa, KOsITO € Ouna npegmeT Ha
npoy4BaHe Mo OTHOLLEHWE Ha OnpefensiHe Ha CTabUNHOCTTa Ha ckaTa OT torosanagHaTta My CTpaHa, MokpyBa nroLL OT OKOso 2 Xa.

B pamkute Ha nmpoydBaHeTo, 3a Aa Ce Onpedenu CTabunHocTTa Ha ckaTa B 30HaTa Ha uacrneaBaHe, 6sixa M3BBPLUEHU CHOTBETHUTE FEONOXKKM U reo(uUanyHi
npoyYBaHus.

[eodmanyHNTE CEeM3MMYHIN KapTUPaHUS CE NMaHUPaT M U3BBLPLLBAT B CbOTBETCTBME C FEONOKKITE YCIIOBUS Ha MACTOTO, KaKTO M C METOAONOrMSITa Ha CbyeTaHuTe
CeN3MUYHM NPoyyYBaHNS. 3a OnpeaensHe Ha reoMexaHYHNTe NapameTp ca NPUNOXEHN CEU3MUYHM pedpaKLIMOHHM 1 0TPa3ABALLM M3CTIEABAHNS, OCHOBaHU Ha chakTa,
Ye (hparMeHTUpaHuTE CKarHW CTPYKTYpK ca CKITOHHM Aa abcopbupaT cenammnyHa eHepriis, KOeTo B kpaitHa cMeTka BOAV [0 HamMansiBaHe Ha PerncTpupaHuTe CeN3MnIH1
CKOpOCTH!.

MeToabT Ha cemammyHa pedpakuns ce npunara, 3a Aa Ce OTAENAT NOBbPXHOCTHUTE 3eMHM 0bpasyBaHWs (Bb3 OCHOBA Ha MarkuTe CTOMHOCTW Ha CKOPOCTUTE Ha
CEU3MUYHO Pa3npOCTPaHEHUE) B CKITOHA Haa pUMCKMTe 6aHw, KOITO MoXe Aa bbae AecTabunmuanpaH Ypes no-HataTbLUHW Pa3Konku 1 ypbaHW3aLms Ha panioHa, [okaTo
MeTOAbT Ha OTpa3ssBaHe ce npunara 3a no-noapobHO orpaHuyaBaHe Ha kapboHaTHWUTE 0bpasyBaHWs MO TEpeHa, KakTo U 3a pa3bupaHe Ha MecTHaTa TEKTOHMKA,
NPUYMHANE TSXHOTO Bb3HWKBAHE.

KniouoBu AYMU: MUHEpaneH KOMNnekc, CeM3MUYeH, OTpaxeHue, peq)pakuvm, CTabunHOCT Ha ckarta.

Introduction transmitted to the seismic apparatus. The seismograms record
the time of arrival of the elastic wave, as well as the moment of
excitation of the ground. Based on the seismograms, diagrams
are constructed that determine the dependence between the
distance of the geophone from the point of excitation, as well as
the time of arrival of the seismic oscillations to each geophone
placed. Such diagrams are also called hodochrones.

The refractive seismic method successfully determines
horizontal, vertical, and steep boundary surfaces, provided that
the propagation velocity of the elastic waves in every deeper
layer is higher than the velocity in the previous one. However,
when this condition is not met, or in cases when the differences
in the elastic properties of the media are not sufficiently

The refractive seismic method studies the propagation of
elastic waves that are refracted at boundary surfaces. The
refractive method is performed by placing geophones from the
source of the elastic waves along the measuring profile line at a
certain distance. Geophones are connected by cables to the
seismic apparatus. At the moment when the seismic waves hit
a boundary area that separates two different elastic media, they
are refracted and, as such, the feedback signals are registered.
The geophones placed on the surface of the ground convert the
mechanical oscillations into electrical impulses that are
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pronounced and when the boundary surfaces are located at
great depths, the application of the refractive method is
ineffective. Due to the fact that the length of the refractive
seismic profiles should be 3 to 5 times longer than the depth at
which the boundary surface is located, seismic examinations are
significantly more difficult for several reasons:

o When the length of the test profile is large, more
explosives must be used to excite the ground;

o When using more explosives, the hole wherein they are
placed should have a greater depth, which significantly
complicates the operation procedure;

e Using more explosives significantly increases the
possibility of damage to the surrounding buildings.

For these reasons, since 1929, the reflective method has
been used instead of the refractive one in certain seismic
examinations.

Seismic exploration

The late antique thermal spa is located in the south-eastern
part of the Republic of North Macedonia, ten kilometers south-
east of the town of Strumitsa.

The area where the archeological site is located,
orographically resembles the northern slopes of the Belasitsa
Mountain which has a general extension east-west.

In a tectonic sense, the archeological site - the Bansko late
antique thermal spa - belongs to the Serbian-Macedonian
massif and is located near the western border with the Vardar
zone. More specifically, this locality is situated on the southern
edge of the Strumitsa ridge towards the Belasitsa horst. Namely,
this part of the territory of Macedonia is a relatively depressed
block (the Strumitsa graben), between the relatively raised
blocks of Belasitsa Horst on the south side and Ograzhden
batholite (Horst) on the north side.

The geological structure of the research area is represented
by rocks from the Old Paleozoic, the Neogene, and the
Quaternary. The Old Paleozoic rocks are represented by
granite-gneiss; the Neogene, which gradually turns into a
Quaternary, is represented by sands and clays and calcareous
sediments, and the Quaternary is represented by proluvial
deposits (Fig. 1).

Mica gneiss-like
d | Delivium - granil?as

| | Two-mica stripped
'z Higher terrace ! Gmb !gneisses

Fig. 1. Geological map of the investigated terrain

The method of seismic refraction is applied in order to
separate the surface earthen formations (based on the small
values of seismic propagation velocities) in the slope above the
so called Roman bath which can be destabilised by further
excavation and urbanisation of the space, while the method of
shallow reflection is applied for more detailed limitation of
calcareous deposits in the area, as well as understanding the
local tectonics that caused their occurrence.

Refractive surveys were performed on four measuring profiles
with a length of 180 m (RP - 1) and 100 m (RP -2, RP - 3, RP -
4) with excitation of seismic waves every 25 m. The total seismic
profile length is 480 m. These researches cover a depth of the
terrain from 20 to 30 m below the surface, i.e. the thickness of
the Quaternary sediments (which can form a landslide body)
and the surface parts of the granite-gneiss bedrock are
completely covered. The values of the seismic velocities of the
elastic longitudinal P and transverse S waves (V, and Vs) are
measured with these explorations.

Refractive profiles are made longitudinally and transversely
on the slope above the Roman bath. The same completely
covers the slope - from the appearance of granite-gneiss at the
top to the foot, i.e. the facilities of the Tsar Samoil hotel. The
spatial layout and length of the reflective and refractive seismic
profile lines are shown on the geological map of the survey area
in Figure 2:

LEGEND

[ ] er Proluvium — Faulls

5] B Cacareous tuff Reflection profiles

[ ¥ Pliocene sediments: = Refraction profiles

|:| 1 Granite - gneiss Isolines of thickness of proluvial members

Fig. 2. Spatial map of the seismic explorations performed

The measurements were performed with a 12-channel Atlas
Copco ABEM - Terraloc seismic system, a Swedish production,
and the processing and interpretation of the measurement data
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was performed using the Vesna and REFLEXW computer
programs.

Analytical processing and interpretation of refractive
surveys obtained the values of seismic Vp and Vs velocities of
the represented geological environments that are used for the
following:

- Interpretation of reflective seismic surveys;

- Determination of the elastic boundaries between

individual geological environments;

- Determination of the dynamic values of the elastic
modules and coefficients of the members of the landslide
body and the boundary geological environments, based
on the relations from the theory of elasticity;

- Assessment of the values of the physico-mechanical
characteristics of the materials of the geological
environments on which the stability of the slope depends,
based on the values of the seismic velocities and the
dynamic modules and coefficients.

The following equations are used to determine the values of

the elastic parameters through the propagation velocities of the
elastic waves through them:

+ Poisson’s coefficient - p = (> — Vi?)/2(V? — V%)

« Elasticity module - E = 2(1 + w)G

» Shearing module - G = V;2p

* Volume module - K = E/3(1 — 2p)

To evaluate the values of the physico-mechanical

characteristics, the following empirical correlation equations
were used, obtained for similar materials for:

* Volume weight
y = 7,15V,>1%® _for Quaternary rocks
¥ = 7,35V,21%® _for granite - gneiss
« Statical elasticity module
E,; = 8.25E126 x 1073 - for Quaternary rocks

Eg = (170/340);23 for granite - gneiss
(disintegrated / compact)
 Deformation module
E; = (0.4/0.7)E,; - for Quarternary rocks
Eq = (50/95)V277 for granite - gneiss

(disintegrated / compact)

* Axial stiffness (strength) of pressure
o, = 0.1455(1 — 2p)Vy /(1 — )

» Strength parameters - angle of internal friction and

cohesion

o = (3,27/3,38)V,>*and c = 0 - for Quaternary
rocks
@ = 23.50,*and ¢ = (0.6/2.32)p* x 1077 - for
granite - gneiss (disintegrated / compact)

In the above expressions, the values are presented in the
following units of measure: Vs in m/s, Vp in km/s, y in kN/m?,
and Est, Ed, op, and ¢ in MPa. It should be noted that the values
estimated by the given correlation equations are mean and
approximate and can be used for parametric analyzes.

Results of refractive investigations

By interpreting seismic data from refractive surveys, the
following are determined:
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o The values of the seismic Vp and Vs velocities of the
surface Quaternary proluvial formations on the slope
above the Roman bath and the basic granite-gneiss
rocks;

o Elastic boundaries between Quaternary proluvial
formations and calcareous tuffs with basic granite-
gneiss rocks.

The results obtained from the refractive research are
presented in Figures 3 - 6.

The refractive profiles RP - 1 and RP - 2 are performed in
parallel approximately along the contour lines 282 - 283 and 274
- 276 on the slope above the Roman bath and with them are
determined proluvial and calcareous structures with a thickness
of 5 to 15 m. Or, these formations are found on the elevation
between 268 and 273 and are cut with two faults (R1 and R2) at
a distance of about 60-65 m. The second fault passes through
the microlocation of the bath.

The refractive profiles RP - 3 and RP - 4 are made
perpendicular to the slope, also parallel on the distance of about
35-40 m. With these profiles are ascertained the Quaternary
proluvial and calcareous formations and the basic granite-
gneisses. The maximum thickness of the proluvial creations (15-
20 m) is found at about 50 to 60 m above the Roman bath. Also,
with these profile lines, two parallel faults were ascertained at a
mutual distance of about 55 m - the first near the bath (R - 3)
and the second (R - 4) which follows the path above the bath.
The R-4 fault is registered with a wider zone and it probably
corresponds to the regional Belasitsa fault.

Based on the data interpreted from the refraction profiles, it
can be concluded that the values of the seismic velocities of the
Quaternary structures found in the slope structure and the basic
granite - gneisses amount to:

—R-fault
- proluvium
8-calcareous tuff T

[ t (ms)
v-granite gneiss

i [ o 160

Vp/Vs = 640/295 m/s —280 m
pr

3960/1840-270 m

3050/1550 | v
J |
R4

20| Ri R2

Fig. 3. Seismic refractive profile RP-1 with interpretation
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Fig. 4. Seismic refraction profile RP-2 with interpretation
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Fig. 5. Seismic refraction profile RP-3 with interpretation
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Fig. 6. Seismic reflective profile RP-4 with interpretation

Old Paleozoic granite - gneisses:
Mechanically crushed and cracked granite - gneisses,
relatively compact (y),

V, =3960m/s

V; = 1840 m/s
Tectonically damaged and disintegrated blocks of
granite - gneisses (y) on depth >20 m

V, = 1950 — 3250 m/s
V, =880 — 1600 m/s
Proluvial creations (pr), consisting of various granular

sands, gravels and individual pieces with thin layers of
sandy slope clays, with a thickness of 5-20 m and

V, =250-900m/s

V; =110 — 400 m/s
Calcareous tuffs with thin layers of proluvial creations
(B), with a depth of 5-20 m and

V, = 1040 — 2340 m/s
V, =480 — 1150 m/s.

Based on the values of the seismic velocities, the the

proluvial formations are conditionally unstable; they are
characterised by reduced values of the seismic velocities 1, <
800 m/s andV; < 350 m/s. Their greater presence (with a
thickness of 10-20 m) is determined in the zone of faults (along
the length and above the existing path) above the Roman Bath
and on the west side towards the Turkish Bath. Today's stability
of the slope (above the Roman bath) is preserved due to the
presence of the calcareous tuffs on the surface.
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Based on the values of seismic velocities and with the help
of the equations presented above, the values of the elastic and
mechanical characteristics of the materials in the separated
geological environments are estimated. The approximate values
of the seismic velocities and the elastic mechanical properties
are given in Table 1:

Table 1. Border values for the seismic velocities of the elastic —
mechanical characteristics of the geological environments

! . Calcareous | Granite-gneiss- | Granite-gneiss
%ﬁm ﬂ@iﬁf;ﬂm fuff disintegrated - mechanically
(8) {r) damaged (¥}
Deoin H (m) 720 5_0 20 220
Se'sm‘irﬁi?c'ww 20-900 | 1040-2340 | 1950-3250 3960
SeBMCVSOCYNS | 0 app | aso-t150 | ss0-1600 1840
(rnis)
Valume weight y
15-20 20-23 23-2% 7
(Kbym3)
Poisson coeficent i | 030- 0370 | 035-0340 | 0370-0340 0.360
Blastily modueEsn | oy ey | yoap-ga00 | 5000~ 18000 25000
(MPa)
SteamrgmodueGan | oy sy | a70-3100 | 1800-6800 €300
(MPa)
Volume modde gy | e a7 | 1600-8560 | 6400- 19000 20000
(MPa)
Static elasticity module
et 140 | &0-1200 | 800-500 8200
Deformation module
E P 05-2%5 | 25-300 300- 2500 4000
Pressure strength
i 01-2 3-20 10-30 )
g ”“;I?:;m' T s | n-w 40-50 550
Cohesion ¢ [MPa) 00 10-05 06-20 320

Conclusion

From the conducted research and obtained data
from the seismic refraction measurements, the
following can be concluded:

- In a tectonic sense, the archeological site of the
Bansko late antique thermal spa belongs to the
Serbian-Macedonian massif and is located near the
western border with the Vardar zone;

- The method of seismic refraction is applied in
order to separate the surface earthen formations in
the slope above the so called Roman bath which can
be destabilised by further excavation and
urbanisation of the area;

- Refractive surveys have been performed on four
measuring profiles with a length of 180 m (RP - 1) and
100 m (RP - 2, RP - 3, RP - 4) with excitation of
seismic waves every 25 m;
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- By interpreting seismic data from refractive surveys the
following are determined:

o The values of the seismic Vp and Vs velocities of the
surface Quaternary proluvial formations on the slope
above the Roman bath and the basic granite-gneiss
rocks;

e Elastic boundaries between Quaternary proluvial
formations and calcareous tuffs with basic granite-
gneiss rocks.

- Based on the data interpreted from the refraction
profiles, it can be concluded that the values of the
seismic velocities of amount to:

- Old Paleozoic granite-gneisses:

V, =3960m /s
V; =1840m/s

- Tectonically damaged and disintegrated blocks of
granite-gneisses on a depth > 20 m
V, =1950 — 3250 m/s
V, = 880 — 1600 m/s

- Proluvial creations (pr)

V, =250 -900m/s
V; =110 — 400 m/s

- Calcareous tuffs
V, = 1040 — 2340 m/s
V; =480 — 1150 m/s

- Based on the values of the seismic velocities, the
conditionally unstable formations are the proluvial
formations which are characterised by reduced
values of the seismic velocities 1, < 800 m/s and

V., <350 m/s.
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