ISSN 2303-5145

GLASNIK

RUDARSKO-GEOLOSKO-GRAPEVINSKOG FAKULTETA

- JOURNAL OF FACULTY OF | 2014. GODINA/YEAR
MINING, GEOLOGY AND CIVIL | Broj 2/Vol.2
| ENGINEERING ‘ sntam

~ Nauéno-struéni Easopis za istraZivanje u nauénim poljma 1.5, 2.112.7 (Frascat)
Scientific-Professional Journal for Research in Fields of Science 1.5, 2.1 and 2.7 (Frascati)

; “ i Eaa , : —penic —
proizvodnja soli { e ,
%1000 m3 | 3 (o 2000 m 40t m
» Ly
/ :

@ 300 do 491 Mierilo za horiz. pomake
@ 200 do 300 I St

* 1000200 | a4 -\ Vekton horiz. pomaka

1do 50 \ ' / .‘

slijeganje (m)

1556.- 1991, © | Tatke sa poznatim sijeganjem

T SR
O~ e

Rudarsko-geolosko-gradevinski fakultet Univerziteta u Tuzli, Bosna i Hercegovina
Faculty of Mining, Geology and Civil Engineering, University of Tuzla,
Bosnia and Herzegovina






Impressum

Glasnik Rudarsko-geolosko-gradevinskog fakulteta
Nauéno-struéni casopis Rudarsko-geolosko-gradevinskog fakulteta Univerziteta u Tuzli

ISSN 2303-5145 (Print)
ISSN 2303-5161 {Online)

Adresa Uredivackog odbora: L
~ucarsko-geoloSko-gradevinski fakultet

Jniverzitetska br.2

75000 Tuzla, Bosna i Hercegovina

Tel: +387 35 320 550, Fax: +387 35 320 570

E-mail: glasnikrggf@gmail.com

http://www.rggf.untz.ba/Glasnik.html

lzdavac:
Rudarsko-geolosko-gradevinski fakultet Univerziteta u Tuzli, Bosna i Hercegovina

Uredivacki odbor:

Damir Zenunovi¢, glavni i odgovorni urednik
Adnan Ibrahimovié¢, tehnicki urednik
Tihomir KneZicek, tehnicki urednik online izdanja
Abduselam Adilovi¢, €lan

Edin Deli¢, ¢lan

Rejhana DerviSevic, ¢lan

Kemal Guti¢, ¢lan

Jelena Markovig, ¢lan

Suncica Masi¢, €lan

Adila Nuri¢, ¢lan

Nedim Sulji¢, €lan

Sejfudin Vrabac, ¢lan

Sabid Zekan, ¢lan

Izet Zigié, &lan

Medunarodni savjetodavni odbor:
Dubravka Bjegovi¢, Hrvatska
Stiepan Cori¢, Austrija

Radomir Foli¢, Srbija

Hazim Hrvatovi¢, Bosna i Hercegovina
Dragan Komljenovi¢, Kanada

Biljana Kavacevié-Zeli¢, Hrvatska
Tarik Kupusovi¢, Bosna i Hercegovina
Azra Kurtovi¢, Bosna i Hercegovina
Stjepan Lakusi¢, Hrvatska

Oleg Mandi¢, Austrija

Enver Mandzi¢, Bosna i Hercegovina
Damir Markulak, Hrvatska

Esad Mesi¢, Bosna i Hercegovina
Violeta Miréevska, Makedonija
Predrag MisScevic, Hrvatska

Mirza Ponjavi¢, Bosna i Hercegovina
Vlastimir Radonjanin, Srbija

Danilo Risti¢, Makedonija

Ljupko Rundi¢, Srbija

Phalguni Sen, Indija

Nebojsa Vidanovic, Srbija

lvan Vrkljan, Hrvatska



Glavni i odgovorni urednik:

Damir Zenunovi¢

Univerzitetska 2, 75000 Tuzla, Bosna i Hercegovina

Tel: +387 35 320 589

e-mail: damir.zenunovic@gmail.com damir zenunovic@untz.ba

Tehnicki urednici:
Adnan Ibrahimovic
Tihomir Knezicek (online izdanje)

Lektori:
Husejin Bakalovic ¥

Print:
d.o.o. Copygraf

Svi radovi objavljeni u €asopisu su recenzirani. Rukopisi se ne vracaju.
Casopis se objavljuje jednom godisnje.

Broj printanih primjeraka: 50

Casopis je registrovan u:
Nacionalna i univerzitetska biblioteka Bosne i Hercegovine

Pretplata:

Bosna i Hercegovina — 10 KM jedan primjerak (8 KM primjerak za narudzbe 10 primjeraka i vise) +
troSkovi dostave

Inostranstvo — 8 EUR jedan primjerak (6 EUR primjerak za narudzbe 10 primjeraka i vise) + troSkovi
dostave

Adresa za pretplatu:

Casopis: Glasnik Rudarsko-geolosko-gradevinskog fakulteta
Rudarsko-geolosko-gradevinski fakultet

Univerzitetska br.2, 75000 Tuzla, Bosna i Hercegovina

Placanje u Bosni | Hercegovini:

Svrha doznake: | QM&%E emadabr)

UNIVERZITET U TUZLI, RUDARSKO-GEOLOSKO-GRABDEVINSKI FAKULTET
Univerziteiska 2, Tuzla

Transakcijski ratun: 1321000256000080 NLB Tuzlanska banka dd Tuzla
BudZetska organizacija broj: 2404007

Vrsta prihoda: 722631

Pozivna broj: 7013000000 Optina 094

Plaéanje izinostranstva:
Subscription to the Journal of Faculty of Mining, Geology and Civil Engineering
DEUTSCHE BANKAG Frankfurt/M -
BIC: DEUTDEFF
Account with Institution: ACC 936272410 EUR 936272405 USD
NLB TUZLANSKABANKADD TUZLA
BIC: TBTUBAZ22
Beneficiary Customer. IBAM: BA3913210100 867 24943
TUZLANSKI KANTON DEP.RN.
Turalibegova 40, Tuzla (Za Univerzitet u Tuzli RGGF fakultet)



GLASNIK

RUDARSKO-GEOLOSKO-GRADEVINSKOG FAKULTETA

~ JOURNAL OF FACULTY OF | 2014, GODINAIYEAR
MINING, GEOLOGY AND CIVIL | Broj 2/Vol.2
ENGINEERING 204402

Nauéno-struéni Casopis za istrazivanje u nauénim poljima 1.5, 2.1 i 2.7 (Frascati)
Scientific-Professional Journal for Research in Fields of Science 1.5, 2.1 and 2.7 (Frascati)

SADRZAJ
CONTENTS
Rije¢ glavnog i odgovornog urednika
A WOrd TN B0 ERNDEI O . cciiiivinisminimmaiiommimmr s ommastomstebus o s e 4
Rad po pozivu
Invited paper
Mandzi¢ E. 2 .
VISOKA JEDNOETAZNA ODLAGALISTA JALOVINSKOG MATERIJALA KOD
POVRSINSKE EKSPLOATACIJE MINERALNIH SIROVINA ......c.coooiiiriririaiseicaieecceeens 5
Radovi
Papers
Komljenovic D.
DEVELOPMENT OF ASSET MANAGMENT IN THE MINING INDUSTRY........cccovveviiins 15

Stoica N.D.
TOWARDS THE USING OF ENERGY DISSIPATION OPTION IN ETABS PROGRAM... 23

Celikovic R., Imamovic E., Salihovic R.
ANALIZA PODATAKA KONTINUIRANOG GNSS MJERENJA NA PODRUCJU JAME
TUSANJ ZA PERIOD 2011-2013.GODINA. ... ceeeeeeeeeeeeeeereeeeeeesessessesensasssssessesssesesesssesssnane 31

Vrabac S., Bulovic l., Jeémenica Z.
BADEN | SARMAT U PROFILU BUSOTINE KR-5 KOD UGLJEVIKA........cooeeeeeeeeerrinane 39



Rijec glavnoq i odgovornog urednika

Veliko mi je zadovoljstvo i ¢ast Sto sam imenovan za glavnog i odgovornog urednika ¢asopisa Glasnik
Rudarsko-geolosko-gradevinskog fakulteta, koji predstavija nastavak 50-godiSnje tradicije
izdavacke djelatnosti Rudarsko-geolosko-gradevinskog fakulteta.

Biti glavni i odgovorni urednik nauc¢no-struénog casopisa je veoma zahtjevna i ozbiljna odgovornost.
Odgovornost nije samo ograniCena na izvrS8avanje zadataka vezanih za izdavanje ¢asopisa,
definiranja pravila prema autorima koje je potrebno poStovati prilikom dostavljanja radova i vodenju
ratuna o vremenu i temeljitosti pregleda radova. Odgovornost se odnosi i na odgovornost prema
¢itaocima ¢asopisa. Urednistvo bi trebalo odgovoriti njihovim potrebama i interesovanju, a pri tome u
isto vrijeme biti spremno na kritiku. Naravno, uredni$tvo bi trebalo poboliSavati kvalitet i planirati
buduénost ¢asopisa, a posebno kako bi bili sigurni da je ¢asopis prepoznat kao kvalitetno izdanje na
medunarodnom planu. Pomenuti zahtjevi odgovornosti obavezuju urednistvo na spremnost za
konstantno pobolj$avanje kvaliteta ¢asopisa. U cilju osiguranja bolje prepoznatljivosti ¢asopisa na
medunarodnom planu i osiguranja kvaliteta imenovan je Medunarodni savjetodavni odbor.

Casopis ¢e izlaziti jednom godisnje, u zadnjem kvartalu godine. Rukopisi dostavljeni do 01. juna biti ¢e
uzeti u obzir za izdanje u tekuéoj godini. Unaprijed se zahvaljujem svim autorima koji ¢e prepoznati
nas Casopis kao podoban medij za Sirenje i prezentaciju rezultata istraZivanja, iskustava i ekspertiza
koje se odnose na naucna polja 1.5, 2.1 i 2.7 (Frascati).

Koristim ovu priliku da pozovem sve osobe i preduzeca vezana uz djelokrug casopisa da podrZe
razvoj ¢asopisa u harednom periodu.

Kao glavni i odgovorni urednik radit ¢u na promociji Casopisa i podizanju zainteresiranosti autora,
¢italaca i sponzora za Casopis, a sve u cilju razvoja prepoznatljivog i kvalitetnog nau¢nog i stru¢nog
izdanja. Clanovima uredivatkog odbora Zelim uspje3an rad na promociji i podizanju kvaliteta ¢asopisa.

Glavni i odgovorni urednik
Prof.dr. Damir Zenunovié¢

A Word from the Editor-in-chief

It is my great pleasure and honour to have been appointed as the Editor-in-Chief of the Journal of
Faculty of Mining, Geology and Civil Engineering, which is a continuation of 50-year tradition of
publishing activities of Faculty of Mining, Geology and Civil Engineering.

To be the editor-in-chief of a scientific & professional journal is a very demanding and serious
responsibility. This responsibility is not limited to performing journal-editing tasks, defining rules the
authors should respect when sending their papers to the journal, and taking care about timely and
thorough review of papers. It also includes a huge responsibility towards the readers of the journal.
The editor must respond to their needs and interests, but should at the same time be ready to take
criticism. Of course, editors are also required to improve quality and make future plans for the journal,
and especially to make sure it is recognized as an outstanding publication on an international plan. All
these requirements and responsibilities oblige editors to be ready for constant quality improvements.
In order to ensure better recognition of the journal on an international plan and quality improvement,
an international advisory board is formed.

The Journal will be published once a year in the last quarter of the year. Manuscripts submitted by
June 01 will be considered for release in the current year. | wish to extend my thanks in advance to all
authors who are going to recognise our journal.as a proper medium for spreading and presenting their
research results, experience, and expertise relating to scientific fields 1.5, 2.1 and 2.7 (Frascati).

On this occasion, | would also like to invite all persons and companies connected with scope of the
journal to support development of the journal in the oncoming period.

As editor in chief | will work to promote the journal and raising the interest of authors, readers and
sponsors for the journal, in order to develop an outstanding and high-quality scientific and professional
publication. | wish to members of the Editorial Board a successful work in promoting and raising the
quality of the journal.

Editor-in-chief
Prof.dr. Damir Zenunovic



Enver Mandzi¢' Rad po pozivu

Enver MANDZIC je roden u Tuzli 1944. godine. Osnovnu $kolu, Gimnaziju i Rudarski fakultet zavr$io u Tuzli.
Magistarski i habilitacioni rad odbranio na Rudarskom fakultetu u Tuzli, a doktorsku disertaciju na Rudarsko-
geoloSkom fakultetu u Beogradu. Radio je u Rudnicima lignita Kreka, a od 1971.god. do umirovljenja na Rudarskom,
Rudarsko-geoloSkom, Rudarsko-geolosko-gradevinskom fakultetu u Tuzli, gdje je proSao put izbora od asistenta do
redovnog profesora za predmete ,Mechanika tla i stijena” i ,InZenjerska geologija®. Clan ANU BiH od 2003.god.
Objavio veci broj nau¢nih 1 struénih radova na prostoru bivie Jugoslavije i u inostranstvu,

VISOKA JEDNOETAZNA ODLAGALISTA JALOVINSKOG MATERIJALA KOD POVRSINSKE
EKSPLOTACIJE MINERALNIH SIROVINA

Saletak: U procesu odlaganja jalovinskog materijala na povrinskim kopovima mineralnih sirovina nacin izgradnje odlagalista tehnoloski je
izvoden u viSe etaza. Godine 1975. na prostorima bise Jugoslavije poceli smo eksperimente sa tz. jednoetaznim odlagalistima gdje se formiranje
odlagalista izvodi sa jedne ravni. Tako nastaju jednoetaina odlagalista cija visina u pocetof fazi eksperimenta je iznosila do 55 m. Kasnije su
projektovanja visoka jednoetaina odlagalista do visine 230 m. Ova novina u tehnologiji povrsineke eksplotacije mineralnih sirovina prihvaéena je i u
Bosni i Hercegovini su_igradena visoka jednoetazna odlagalista razlicitih visina i sa razlicitim tehnoloskim procesima. U radu su prikaza specifiéna
istraZivanja vezana za formiranje visokih jednoetainih odlagaliiia.

Kljucne rijeci: odlagalista, povrinska eksploatacija

HIGH MONO SLOPE WASTE DUMP IN SURFACE EXPLOITATION OF MINERAL DEPOSITE

Summary: In the process of disposal of the waste material in the surface mining of mineral resources type of landfill technology was performed in
multiple floors. In 1975, the region Yugoslavia we started experiments with so called, ground-floor landfill where landfill formation performed on one
level. It has now become ground-floor landfills whose height in initial stage of the experiment reached up to 55 m . Later design ground-floor landjfill
reached to a height of 230 m. This innovation in swiface exploitation technology of mineral resources has been adopted and in Bosnia and
Herzegovina are ground-floor landfills with different heights and with different technological processes were constructed . The paper display specific
esearch related to the formation of ground-floor landfills .

Key words:landfills, surface mining

tizdemik, Prof. emer.,Dr sc. dipl. ing.
“ziemua nauka i wmjetnosti Bosne i Hercegovine, Bistrik 7. 71000 Sarajevo, Bosna i Hercegovina
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1. UVOD

Prvi ekeperimenti u povriinskoj eksplotaciji mineralnih sirovina u Bill za formiranje jedoetaznih odlagalista
izvedeni su, po zamisli autora rada, godine 1975. na odlagali$tu jalovinksog materijala na lezi§tu boksita ,,Sumarnica*,
lokalitet ,Kruni¢i“, rudnika boksita Vlasenica. Maksimalna visna odlagalita dosgla je 55m. Eksperimentom je
pokazano i dokazano da se mogu izvesti stabilna, ekonomicna 1 sigurna jednoetazna odlagali$ta koja veoma zna¢ajno
utiu na efikasnost 1 ekonomiénost povriinske ekploatacije mineralnih sirovina. Jednoetazna odlagalista do tada nisu
postajala ni pojmovno u praksi povrsinske eksploatacije mineralnih sirovina pa se dokazivanje svih prednosti ovakve
vrste odlagaliSta moralo provesti u nizu nadziranih ekeperimenata. Tako je sa vremenom na svim povriinskim
kopovima rude boksita Vlasenica pocelo koristenje jednoetaznih odlagalidta u projektantskoj i izvodackoj praksi.
Maksimalna visina jednoetaznih odlagalista, ve¢ 1980 godine dostiZe visinu 90 m.

Postepeno se ideja 0 moguénosti formiranja jednoetaznih odlagalista, sa svim prednostima koja ona nose u
odnosu na viSeetazna odlagaliSta, pocela Siriti 1 na druge kopove mineralnih sirovina sa razli¢itom tehnologijom
odlaganja. U pocetku je za formiranje jednoetaznih odlagaliSta koriiten samo kamionski prevoz jalovine, da bi sa sa
vremenom preslo i na sistem kontinuirane tehnologije. Prvo visoko odlagaliste sa kontiniranom tehnologijom odlaganja
jalovine, tj. odlaganje sa odlaga¢em projektovano je za povrSinski kop Zeljezne rude ,.Smreka® u VareSu. Dostignuta
visina odlaganja iznosila je 90 m. Na povrSinskom kopu ,,Grivice" rudnika mrkog uglja Banovici, dostignuta je visna od
90 m jednoetaznog odlagalista sa kamionskim transportom jalovine.

Projektovanje jedoetaznih odlagali§ta postaje nezaobilazna praksa u povriinskoj eksplotaciji mineralnih sirovina,
tako da je naprimjer, projektovano jednoetazno odlagaliSte visine 160m na povriinskom kopu uglja ,Mos&¢aniaca®
rudnika Zenica, a zatim je projektovano jednoetazno odlagaliste na povisinskom kopu ,, Turija* rudnika uglja Banovici
za kontinuiranu tehnologiju (bager — traka — odlagac) visine preko 200 m.

2. STA SU JEDNOETAZNA ODLAGALISTA

Jednoetazna odlagaliita su ona odlagaliSta Cija visina kontinirano raste, bilo da se izvodi stalno nadvisenje
istresanjem jalovinakog materijala i njegovim planiranjem, ili da se to formira na kosoj podlozi, kada kota platoa, gdje
se izvodi istresanjematerijala ostaje konstantana na jednoj koti a napredovanje fronta odlozenog materijala je po padu
podloge. JednoetaZzno odlaglite sastoji se od gornjeg planuma, po ¢ijoj ivici se izvodi istresanje jalovinkih masa
(kamioni, odlagaci razli¢itih vrsta). Odloganje mase na ivici odlagalista ta masa slobodno gravitaciono se premijestaju
po ravni kosine do noZice odlagalista.

Po mjestu formiranja jednoetazna olagaliSta moZemo podijeliti na;

Odlaglaista koja se formiraju na kosoj podlozi razli¢itog nagiba,

Odlagalista koja se formiraju u rije¢nim dolinama razli¢itog nagiba boénih padina,

Odlagali3ta koja se formiraju kao unutarnja odlagalista dijelova povriinskih kopova gdje eksplotacija mineralnih
sirovina jo§ traje ili je zavriena.

Izbor optimalne visine platoa, na koji se dovozi jalovinski materijal i sa koga se formira jednoetazno odlagaliste,
zavisi od tehni¢ko - ekonomskih parametara povrsinske eksplotacije.

Slika 1. Formiranje jednoetainog odlagalista kod kamionskog prevoza jalovinskog materijala
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3. PREDNOSTI JEDNOETAZNIH ODLAGALISTA NAD VISE ETAZNIM

Prednosti jednoetaznih odlagalista nad viSeetazmim je, prije svega, u veoma znacajnom skracenju duZine
transporta jalovinskih masa od mjesta 1skopa do myesta odlaganja. kod kamionskog prevoza jalovine. To povedava
efikasnost u mogucoj kolicini odloZenog materijala u vremenu, udtedu goriva 1 ostalim troskovima transporta, nema
izgradnje posebnih privremenih ili stalnih puteva i dr. Sve navedeno je pokazalo zna¢ajan ekonomski efekat na ukupnu
cijenu iskopane korisne mineralne sirovine, povecalo ckonomski koeficijent odnosa jalovina — mineralna masa,
povecalo iskoridtenje leZista, omogucilo dostizanje vecih dubina povrsinskih kopova i dr.

Uvodenje odlagaca na $inama, koji je bio proizveden kompletno u domacoj izvedbi u tadadnjem TTU u Tuzli i
montiran na odlagaliitu na povrSinskom kopu zeljezne rude ,,.Smreka* u VareSu, prvi puta je koriStena kontinuirana
tehnologija za formiranje jedoetaznog odlagalista.

Po projetu eksplotacije uglja na tz. velikom povrsinskom kopu , Turija®, u sistemu kontinuirane tehnologije,
bager — traka — odlagag, trebalo je da odlaganje jalovinskih masa bude na odlagalistu koje bi dotizalo visinu preko 200
m. Ratni uslovi 1992. godine sprijeéili su realizaciju ovog projekta.

U 27 godina (1975. — 1992. godina) primjena jednoetaznih odlagaliSta kod eksplotacije lezista mineralnih
sirovina pokazala je sve tehnicko — tehnoloSko — ekonomske prednosti u odnosu na odlaganje jalovinskih masa u vise
ctaza.

4, ISTRAZIVANJE STABILNOSTI JEDNOETAZNIH ODLAGALISTA

Osnovna karakteristika jedoetaZnog odlagalidta je da se formiraju gravitacionim segregaciyjom istresenog
materijala na ivici kosine odlagaliita. To omoguZéava da se u dnu etaZe, u noZici odlagali$ta, bez obzira na visinu
odlagalista, nalazi najkrupniji materijal koji osigurava filtraciona svojstva duz kontakta odlozeni materijla — podloga
odlaga,ifta. To omogucava da se duz kontakta formira zonamaterijala sa najboljim — najpovoljnijim mehani¢kim
karakteristikama koji obezbjeduju da ne dolazi do pokretanja mase duz kontakta podloga — odloZena masa na kosioj
ravni. Ovo takodje ima uticaja i na formiranje jednoetaznih odlagaliSta u zoni zavrinih kosina povriinskog kopa gdje
kao podloga sluZi stepenasta kosina sistema etaZa.

IstaZivaja koja su provedena u razli¢itima materijalima od koji se formiraju jednoetazna odlagalista, najéesce
podrazumijevaju, prvo, ustanovljavanje odnosa visine 1 nagiba formirane kosine jednoetaznog odlagali§ta. Taj odnos
omogudéava da se upozna mehanizam smanjenja nagiba kosine jednoetaZnog odlagaliSta sa povecanjem njegove visine.
Proces formiranja odlagali§ta mozZe biti kontinualan, kada slijedi odgovaraju¢u zakonitost karakteristicu za materijele od
kojih se formira jednoetazno odlagaliste, ili diskontinualan kada kod odredene visine jednoetaznog odlagalista dolazi do
nagle promjene nagiba, da bi se proces dalje nastavio kontinualno do novog diskontinualnog ponasanja, slika 2.

(it o°

H (m)

a) kontinualan process b) diskontinualan proces

Slika 2. Kontinualna i diskontinualna promjena nagiba odlagalista sa porastom visine
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Kontinirani proces smanjenja nagiba kosine odlagalista sa porastom visine govori u prilog opceg nelineranog
kriterija loma materijal koji gradi odlagaliste, tj. linija grani¢nog stanja u sistemu normalni napon (on) i smicuceg
napona (7) je kriva linja. To znaci da su otporni parametri materijala koji gradi odlagalite (kohezija i ugao trenja)
promjenljive veli€ine.

Diskontinualan proces pokazuje da materijal u odlagalistu ima priblizno konstantne vrijednosti otpornih
parametara (kohezije i ugla trenja) do neke visine odlagalita, zatim se ti parametri mijenjaju §to dovodi do tenzionih
pukotina na etaznoj ravni i smanjenja nagiba kosine odlagaliSta, da bi se opet uspostavila ravnoteza u odloZenom
materijalu i visina odlagaliSta povecevala priblizno kontinulano do novog diskontinulanog ponasanja materijala
jednoetaZnog odlagalista.

I jedan i drugi sistem (kontinualnog i diskontinualnog) ponasanja materijala u odlagalidtu pokazuje da su uslovi
u pogledu stabilnosti bliski faktoru sigurnosti Fs ~ 1,00. Ovo je vazan podatak zbog potrebe jasnog ustanovljavanja
ponadanja odloZzenog materijala. Povratnom analizom stabilnosti, po bilo kojoj od metoda prora¢una stabilnosti kosina,
moguce je odrediti parove vrijednosti otpornih paramatara (kohezije i ugla trenja), ako se analiza stabilnosti provodi sa
ulaznim faktorom sigurnosti Fs = 1,00.

Laboratorijska ispitivanja odloZenog materijala na uzorcima, pri razli¢itoj vlaZnosti, omoguéavaju utvrdivanje
kriterija loma odloZenog materijala. Uporedba tih vrijednosti sa vrijednostima iz povratne analize stabilnosti omoguéva
sagledavanje koliko smo blizu ili daleko od onog 3to dobivamo laboratorijski i onog 3to se stvrano dogada u prirodi.

5. LABORATORIJSKA ISPITVANJA ODLOZENOG MATERIJALA

Jedan prikaz kompleksnog ispitivanja materijala koji se odlaZe prikazan je za jalovinake materijale krovine
boksitnih leZidta rudnika boksita Vlasenica. Ispitivanja su provedena za razli¢ite materijale pri razli¢itim stupnjevima
vlaZznosti a konacni rezultat svih isptivanja je oblik linije grani¢nog stanja za te materijale za razliite stupnjeve
vlaZnosti.
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Slika 3. Promjena zapreminske teZine materijala sa promjenom sadrzaja vode
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Slika 5. Promjena smicuce évrstoce sa promjenom sadrzaja vode za tri viste materijala kod konstatntnog normalnog napona on =

100 kN/m?



i,

T

it -3
" Raf |: GLASNIK RUDARSKO-GEOLOSKO-GRADEVINSKOG FAKULTETA
"5.1:-""*?
'[ci, A m:)4
L o, :ffﬂj(k v m;)
300 1~
- Glina, pieskovita Kriva 1 ¢ _ 29 g3gge-a3%»
Pijesak, zaglinjen Kriva 2 T =93697¢ "™
200 =

Pijesak Kriva3 ¢ =235827%"™

100

Viaznost Wi% )

Slika 6. Promjena smicuce cvrstoée sa promjenom sadrzaja vode za tri vrste materijala kod konstatnog normalnog napona on = 2(
kN/m?

:
t@:mel)_

6,=300kN /m?*)
300 1

Glina, pjeskovita Kriva 1 T =9.7411e %1208

a Pijlesak, zaglinjen Kriva 2 ¢ — g g063¢~"'22»
Pijesak Kriva3 1 =4.,0326e %'
200 [~
100 [~

e D S N W THR e RN NN W NNV R IR UK. T W G B e

5 10 15 20 25

Viainost W(%)

10



JOURNAL OF FACULTY OF MINING, GEOLOGY AND CIVIL ENGINEERING & G 1+

i

Slika 7. Promjena smicuce évrsioce sa promjenom sadriaja vode za tri vrste materijala kod konstantnog normalnog napona on = 300
kN/m?
‘[(k.-’\-" i m:)
.
1 G, =400(N /m*)
300 .
Glina, pjeskovita Kriva1 1 = 23.3287¢ %"
™3 Pijesak, zaglinjen Kriva2 1 =11.3426¢ "'
Pijesak Kriva3 T =5.1510e 122>
200!+ :
100 —
Rsikeibadall it ol g _ge g R g s g b b b 3
5 10 15 20 25

Vlaznost W(%)
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Ako usvojimo za jednu od moguénosti razmatranja uticaja vode na otporne karakteristike materijala u
odlagalistu, na primjer kod vlaZznosti od w = 15%, kada materijal ima najvecu gustocu (vidjet1 sliku 3) tada za glinu
pjeskovitu i zaglinjeni pijesak dobijemo nelinerani kriterij loma dok je za pijesak kriterij loma linearan, slika 10.
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Slika 10. Kriterij loma za tri vrste materijala kod viaZnosti W = 15 %.

Iz ovako dobivenih kriterija loma moZemo ocekivati da ¢e se odloZena masa u jednoetaznom odlagaliStu
ponasati po zakonitosti kontinualnog smanjenja nagiba kosine odlagalista sa povecanjem visine. Za ispitane materijale 1

formirana jednoetaZna odlagalista, do visine 70 m, slika 11, pokazuje tu promjenu.
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Slika 11. Kontinualna promjena visine odlagalisata i ugla nagiba odloZene mase, koja je ispitana laboratorijski sa prikazanim
rezultatima, za odloZeni materijal na kosoj podiozi. Rezultati prikazani na dijagramu su dobiveni direktnim mjerenjem na terenu.
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ZAKLJUCAK

12na odlagaliSta, kao novost u teoriji 1 praksi povrdinske cksplotacije mineralnih sirovina pojavila su se
= u Bosni 1 Hercegovini s tim da u literatun prije 1975, godine nisu postojala, Ekperimenti na terenu a zatim
~= spivania materijala koji se odlaZe omogucila su da jednoctazna odlagalidta postanu predmet optimizacije u

~<wop eksplotacyl mineralnih sirovina Sto je potpuno promijenilo dotadasnji standardni nacin odlaganja

~sioh masa u sistemu viSeetaZznog odlagaliSta. Izvedena 1 projektovana jednoetazna odlagaliSta 1 znacajna
—1cka. modelska, i druga istrazivanja koja su dalje slijedila osnovnu ideju formiranja jednoetaznih odlagalista,

2212 su1 dokazala da su ovakva odlagalista moguca i za velike visine i za sve sisteme kontinualne i diskontinualne

nske eksplotacije mineralnih sirovina. Rad ima za cilj 1 ponovno aktiviranje nekada vrlo intenzivnih istraZivanja
ih kod razmatranja problema jednoetaznih odlagaliSta, posebno u uslovima daljeg razvoja povrSinske
rzcije energetskih 1 drugih mineralnih sirovina na podruéju Bosne 1 Hercegovine.

7. CONCLUSION

Ground-floor landfills , as a novelty in the theory and practice of surface exploitation of mineral resources

~rcared in 1975 in Bosnia and Herzegovina considerin that in the literature before 1975 they did not exist.

~emiments on the ground and then a detailed testing of disposed material enabled ground-floor landfills to become the

~1zct of optimization in surface exploitation of mineral resources, which completely changed the standard method of
-rosal waste mass in the system multifloor landfills. Construced and designed groun-floor landfills and significant
~oratory , model, and other studies that still followed the basic idea of forming groun-floor landfills, have shown and

~oven that such landfills are possible for great heights and for all systems of continuous and discontinuous surface

~loitation of mineral resources. The work goal is to re- activate once very intensive research undertaken when
n udering the problems of ground-floor landfills, especially in light of further development of surface exploitation of

cv and other mineral resources on the territory of Bosnia and Herzegovina .
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Dragan Komljenovic' Preliminary notes

DEVELOPMENT OF ASSET MANAGEMENT IN THE MINING INDUSTRY

Summary: The paper proposes an approach for the asset management in the mining industry, Why it is relevant for the mining industry?
Mining companies operate in a complex business and operational environment. They also face significant uncertainties related to natural, technical,
technological, market, organisational, economic, financial, political etc. influence factors affecting their management and operations. This issue also
includes the impact of rare, disruptive events (natural or human made).

Therefore, the mining industry needs innovative methods for facing increasingly complex reality. A structured and systematic approach
regarding its assel management may bring some useful insights for a more efficient decision-making framework. Traditional approaches and tools in
decision-making have often been unable to adequately capture, characterize and address those uncertainties and complexity.

The concept of asset management may help in a better undersianding of this complex environment providing more realistic insights. Thus, it
may help in designing an improved strategic and asset management decision-making framework in the mining industry.

Key words: Strategic Planning, Asset Management, Mining Operations, Complex Systems, Uncertainties

RAZVOJ UPRAVLJANJA DOBRIMA U RUDARSKOJ INDUSTRIJI

Saietak: Rad predlaze moguéi pristup za upravijanje dobrima u rudarskoj industriji. Zasto je to vazno za rudarsku industriju? Rudarske
kompanije funkecioniraju u kompleksnom poslovnom i operacionom okruZenju. One su takode izloZene znacajnim neizvjesnostima vezanim za
orirodne, tehnicke, tehnoloske, trzisne, organizacione, ekonomske, finansijske, politicke itd. utjecajne faktore vezane za upravijanje i eksploataciju.
(va problematika takde ukljucuje rijetke, cesto katastrofalne dogadaje (prirodne ili izazvane ljudskim aktivnostima).

Iz tih razloga rudarska industrija ima potrebu za inovativnim metodama da bi se bolje postavila u toj sloZenoj realnosti. Strukturiran i
sistematski pristup upravijanju dobrima moZe prugiti nove informacije i uvide za efikasniji okvir donosenja odluka. Tradicionalni pristupi u
©dlucivanju su éesto u nemogucnosti da odgovarajuée uzmu u obzir, karakteriziraju i nadu rjeSenja za le neizvjesnosti i slozenost.

Koncept upravijanja dobrima moze pomoéi boljem razumijevanju sloZenog okruienja pruZajuci realisticniji uvid u tu problematiku. Taj
rristup dakle moze pomoéi u osmisljavanju efikasnijeg okvira strateskog odlucivanja i upravljanja dobrima u rudarstvu.

Kljucne rijeci: stratesko planiranje, upravijanje dobrima, rudarska eksploatacija, sloZeni sistemi, neizvjesnosti
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1. INTRODUCTION

Asset Management, what does it really mean? In the field of engineering, it is often stereo-typed as being upon
maintenance and reliability [8]. Nevertheless, it is much more than that and it will be discussed hereafier. There are
several definitions of Asset Management (AsM). A definition provided by British Standards PAS 55 seems to be the
most complete in this regard [5]. They define 1t as follows: Asser management is a set of systematic and coordinated
actions and practices through which an organization optimally and sustainably manages its assets and asset systems,
their associated performance, risks and expenditures over their life cveles for the purpose of achieving its
organizational strategic plan. This definition is rather generic and applies to any type and any size of organizations
including mining ones.

The same Standard provides the definition of an asset as plant, machinery, property, buildings, vehicles and
other items that have a distinct value to an organization.

The newly published International Standard on AsM ISO55000 [16] provides the following definition:
Coordinated activity of an organization to realize value from assets.

In this context, apart mining equipment and other entities belonging to a mining company, orebodies it exploits
ought also to be considered as its assets.

The “value” has to reflect the combination of stakeholders’ expectations, and the best way of satisfying
potentially conflicting ones with available resources. It should take into account the absolute constraints (e.g. legal
requirements or physical limits). This approach always involves trade-offs between, or combination of, the different
interests (e.g. net present value of short-term plus long-term consequences rather than just immediate performance
indicators).

Thus, there are common trade-offs, and the need to optimise the balance between short term and long term goals,
between costs, risks and performance outcomes, between capital investment and subsequent operating costs, between
asset utilization and asset care (reliability, availability, maintenance) [30].

To be successful, asset management has to be holistic, systematic, systemic, risk-based, optimal and sustainable,
implemented in an organization with top management commitment, and supported by competent employees. Asset
management has to be holistic in the sense that all elements of the framework have to be covered. Excellence in one
area does not make up for a gap elsewhere. Apart physical assets, its design should consider a broader context with
other types of assets, including human, information, intangible, and financial assets [5], [16).

As per commonly agreed practice, AsM is no so much about “doing things for assets” but about optimally using
them to realize best value for an organization and achieve its strategic goals [30). In fact, asset management should
focus on the total business impact. Good asset management is much more than optimisation tools and techniques — it is
more about enterprise’s culture and way of working!

Why Asset Management is important for the mining industry?

Globalization and increased competition are keywords used to describe market’s development worldwide. The
ability of mining organizations to realize innovative concepts will be decisive to meet the progressive demands on
competitiveness or even to their survival. In this context, they need proper tools, methodologies and processes to
rationalize and optimize their asset management related decision-making practice in order to enhance their
competitiveness and efficiency. Moreover, mining companies operate in a business, natural, technical, organizational,
financial and market environment (hereafter called “business and operational environment™), which is characterized by
a high degree of inherent uncertainties. A structured approach regarding a strategic planning and asset management may
be helpful in addressing this this complexity as it has already been demonstrated in various industries.

The paper aims at proposing a global decision-making framework related to both the strategic planning and asset
management in the mining industry,

2. LITERATURE REVIEW

2.1. Asset Management

The concept of Asset Management is emerging as a ‘mainstream’ expectation for competent organisations, and it
is relatively young discipline [30]. It has generated significant interest across various industries and is still maturing.
Some important achievements in this field will be discussed below. Those experiences and feed-back may be useful in
elaborating an asset management framework for the mining industry.

An essential contribution has been brought by British Standards by publishing its PAS 55 Standard upon Asset
Management [5]. This PAS has been developed in consultation with a large number of international organizations and
individuals from a wide range of industries that are active and proficient in the field of asset management. It is in
principle technology neutral and applicable for any company size. This Standard defines several types of assets:
physical, which are within its scope, human, financial, information and intangible (reputation, image, morale, social
impact etc.).
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Vs
I'he Standard states that an asset management system is designed to support the delivery of an organizational
“utezwe plan m order to meet the expectations of a variety of stakeholders. The organizational strategic plan is the
<ming point for development of the asset management policy, strategy, objectives and plans [5]. The Institute of Asset
{inzzement provided more details and clarifications regarding PAS 55 [30]. British Standard also provided guidelines
ww to mmplement PAS 55 [6]. The essential element of a good management system for assets is the clear

Dlanming, engineering. procurement, operations, maintenance, performance management etc. ).

International Standard Organization (ISO) published in January 2014 the International Standard on asset
munagement, [SOS5000 which is mainly based on PAS 55 [16]. The Standard is composed of a series of three
“ocuments: ISO55000 (Asset management — Overview, principles and terminology); ISO55001 (Asset management
— Management systems — Requirements); 15055002 (Asset management — Management systems — Guidelines for
the application of ISO 55001). It will certainly be the main application reference in the area of asset management in
coming years world-wide.

The nuclear power industry has invested significant efforts in elaborating asset management approaches and
wzthods tailored for its needs and particularities. The work has been mainly performed through Electrical Power
“zsearch Institute (EPRI), Institute of Nuclear Power Operations (INPO), Nuclear Energy Institute (NEI), International
“tomic Energy Agency (IAEA), utilities, regulatory bodies, as well as numerous universities and various research
nsttutions,

This industry has basically developed Nuclear Asset Management (NAM) process of making operational,
r=source allocation, and risk management decisions at all levels of a nuclear generation business to maximize nuclear
~ower plant value to stakeholders, while maintaining safety to the public and the plant staff [11]. For supporting nuclear
~wlimies in achieving these goals, the NEI issued AP-940, Nuclear Asset Management Process Description and

-uideline [15].

The nuclear power industry has also elaborated Risk-Informed Asset Management (RIAM), which is a
-omposite financial/engineering method complementary to NAM that uses risk management technology to support
cquipment long-term planning and investment decisions at the corporate, fleet, plant, system, or equipment levels of
nuclear power organizations. It gives decision-makers improved quantitative information regarding investments in asset
management at the levels of individual projects and a portfolio of projects. RIAM optimizes economic values and risks,
while maintaining acceptable levels of safety and other stakeholder values [12], [13]. In fact, RIAM provides plant
operators with a project prioritization and life cycle management planning tool for making long-term maintenance
plans, guiding plant budgeting, and determining the sensitivity of a plant’s economic risk to the reliability and
availability of systems, structures and components (SSC), as well as other technical and economic parameters [13].
Figure 1 depicts the RIAM conceptual model.
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| T O8M Cost Model
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Figure 1. RIAM conceptual model [13]

Some other industry specific processes have also been elaborated. For power distribution systems (power grids)

“nere are several publications, which tackle this topic (1], [7], {9]. The transportation industry has also performed some

oris in this area [4], [10]. The mining industry starts elaborating some methods related to asset management, but it is

© = very beginning [8], [18]. Azapagic and Perdan [3] propose an integrated approach to managing corporate

_=tzinability along whole supply chains. The application of the approach is illustrated by a real case study of a

~pany in the mining and minerals sector. The paper aims at contributing towards a more systematic and structured

~--rporation of sustainability thinking into corporate practice, as well as providing some practical guidance to mining

- =panies in their efforts to become more sustainable. Knowledge asset management also begins to gain some interest
= shown by recent studies [28].
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Strategic planning and asset management are continuous and long-term activities and commitments of a mining
organization. So, forecasting all relevant influence factors of their business and operational environment is vital for
practically all economic and business decisions, and represents a key part of a sound decision-making.

Nevertheless, there is some empirical evidence showing that accurate forecasting in the economic and business
world is quite challenging due to significant uncertainties, as practically all economic and business activities are subject
to events which we are basically unable to predict. Some examples: In the area of economics, who predicted the
subprime and credit crunch crises, the Internet bubble, the real estate, savings and loans crises, and other major
disasters? In business, who predicted the collapse of Lehman Brothers, Enron or WorldCom? In finance, who predicted
the demise of LTCM and Amaranth, or the hundreds of mutual and hedge funds that close down every year after
incurring huge losses? {19], [21], [27], [29], [31].

In this context, Makridakis et al, [21] propose a new paradigm: Once we accept that there are known knowns,
known unknowns, and unknown unknowns variables which significantly affect forecasting, we can start thinking about
the underlying uncertainty in a more systematic manner. The authors argue that in the case of known unknowns, we
may be able to estimate and model the uncertainty for some events but not all. It is practically impossible to quantify or
model the uncertainty concerning future bubbles in financial or commodity markets, even though one can clearly expect
these to occur.

In addition, the society will also continue to face rare often disruptive events that are completely unexpected, and
even outside the realm of our imaginations -—— what Taleb [29] has labelled “Black Swans”2. “Black Swan” events
really belong to true unknown unknowns variables. This opinion is also shared by other authors [2]. Some researchers
use the term “Wildcard” for rare, disruptive events [25], [26].

Thus, estimations of costs of products or projects, future technology, pricing, political and regulatory
environment, commodity prices, market developments etc. in the mining industry, and the decisions based on these
forecasts are often subject to huge uncertainties.

The fact that forecasts in the mining industry may be inaccurate creates a serious dilemma for decision makers.
In the majority of real life sitnations there may always be doubt as to which the “best” forecast is. In fact, one may
conclude that the predictability of the behaviour of practically all complex systems affecting our lives is low due to
those uncertainties.

Orrell and McSharry [27], state that complex systems cannot be reduced to simple mathematical laws and be
modelled appropriately3. Equations that attempt to represent them are only modest approximations to reality, and are
often highly sensitive to external influences and small changes in parameterization or initial conditions. These authors
argue that models in complex economic systems can actually be counter-productive if they are taken too literally.
Consequently, Orrell and McSharry [27] suggest improving forecasting models by following what is done in systems
biology, integrating information from disparate sources in order to achieve such improvements.

On the other hand, physics and engineering have achieved relatively good results in predicting future outcomes
(for “mechanical” systems in physics and engineering i.e. complicated systems) [14], [22], [23], [24], [27]. By
identifying exact patterns and precise relationships, one can extrapolate or interpolate them, to achieve satisfactory
forecasts. These patterns can be expressed with exact or almost exact mathematical models. It may be explained by the
fact that natural laws ruling in these areas do not change or changes are so slow that can be discarded for the practical
purposes. We only need to discover and understand them for an eventual application.

There are at least two types of uncertainty in engineering [20], [32]:

1) Aleatory uncertainty:

It exists when an event occurs in a random manner. This uncertainty can be expressed in terms of probability or
frequency. The random equipment failure is a typical example of the aleatory uncertainty. This type of failure is defined
as a failure occurring at a predictable rate but at an unpredictable (i.e. random) time, which results from one or more of
the possible degradation mechanisms in the equipment. A quantitative risk assessment quantifies the aleatory
uncertainties upon the occurrences of harmful events.

2) Epistemic uncertainty:

This type of uncertainty has been referred to as state-of-knowledge uncertainty. There would be no epistemic
uncertainty when the true value of aleatory uncertainty can be expressed by exact probabilistic numbers. The existence
of this epistemic uncertainty makes decision making under risk difficult and controversial. Some authors suggest that
epistemic uncertainties should be handled by sensitivity studies rather than uncertainty propagations [20].

Thus, it is important to adequately take into account all above discussed uncertainties while elaborating a sound
strategic and asset management decision-making process for the mining industry. If not, mining organizations may face
»messy reality” and suffer from mayor lack of efficiency or even jeopardize their survival,

? “Black Swan” — what does it mean? F irst, it is an outlier, as it usually lies outside the realm of regular expectations, because nothing
in the past can convincingly point to its possibility. Second, it carries an extreme impact. Third, in spite of its outlier status, human
nature makes us elaborate explanations for its occurrence after the fact, making it explainable and predictable [29].

¥ Mining companies and their business and operating environment are clearly complex systems facing complex issues and problems.

18



JOURNAL OF FACULTY OF MINING, GEOLOGY AND CIVIL ENGINEERING =

7

3. GLOBAL MODEL OF STRATEGIC PLANNING AND ASSET MANAGEMENT IN MINING

This paper proposes a global framework regarding the strategic planning and asset management for the mining
mdustry. It tends to integrate all relevant engineering, natural, operational, organisational, economic, financial, as well
2+ other quantitative, qualitative and intangible influence factors in a structured and systematic manner, The impact of
ancertainties and complexity of business and operational environment is systematically taken into consideration. Such
mtegrated model has not been considered in existing studies in this field.

The approach also takes into account the impact of rare, disruptive events’ on the overall strategic and asset
management decision-making. This aspect has been usually neglected in both existing research works and practice
despite the fact that it could have severe consequences on the performance of mining companies.

The approach is intended to be generic, applicable and adaptable to any size and any type of mining enterprises.
However, it should be stressed that this approach is suggested not for day-to-day decision-making, but rather to strategic
and asset management decisions affecting both mid and long term performance, and sustainability of a mining
company.

Figure 2 presents a proposed high-level global model (framework) in this regard, which contains six sub-models:

1. Market and revenue sub-model,

Sub-model of reliability, availability and maintenance (RAM) factors
Sub-model of operations and operational constraints,

Cost sub-model,

Organisational sub-model, and

o woa W

Sub-model of impact with regard to other influence factors.

The global model has to continuously take into consideration and to integrate overall feed-backs from various
sub-models, requirements of continnous improvement, and organisation’s strategic orientation including stakeholders'
requirements and expectations, sustainable development goals, as well as the impact of risk management constraints
(Figure 2).

It should be mentioned that the sub-models and/or their constitutive parts listed here may exist in various forms
or have been used in the mining industry. They have been mostly developed by using traditional, deterministic
techniques with some improvements by probabilistic approaches, However, additional research works are needed in
order to identify and map uncertainties and parts in those sub-models where the complexity attributes dominate. In such
cases, they may be enhanced to reflect the complexity of business and operational environment of mining companies,

In the end, it is necessary to perform a final, coherent integration of these sub-models into a definitive, holistic
transition function representing a final decision-making model (Figure 2). The later should adequately reflect the whole
complexity of the business and operational environment in the mining industry.

" Such events may have external or internal origin. They can vary in intensity and duration, and usually include, but are not limited
- natural disasters and severe weather conditions, sharp or long economy declines, financial and market crashes, major industrial
-cidents, major failures of critical assets, their loss or theft, loss of key expertise, major labour conflicts, loss of key suppliers,
~~olonged loss of power or energy supply, major legal pursuits, payment defaults or a loss of major customers, new laws and
-czulations radically changing regulatory environment, extremely negative treatment in mass-media causing an unfavourable
- _smness environment, radical political changes or lasting political turmoil, terrorist attacks, wars and armed conflicts or any plausible
--mbination of those events. Obviously, all above enumerated events are not applicable to all mining organizations, and certain may
-< mussing. A selection of credible events in a specific context should be performed. Such events are related to “known-unknown”
-~ certainties i.e. it is known that they may occur (they are not entirely unexpected), but it is usually unknown when they would
-zrpen (probability of occurrence, which is generally small), and what would be their duration, and the gravity of consequences.
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CONCLUSION

Facing tough competition, mining companies worldwide are constantly forced to produce more at lower cost.

[hey are also confronted to a highly complex business and operational environment which also includes mtrinsic
mcertainties related to business, natural, technical, technological. organizational. regulatory, legal, financial, market,
covironment nfluence factors. The strategic planning and a sound asset management play a key role in this
snvironment.

In such a context, the mining industry tends to develop various processes and approaches, which may enable

.idressing these issues. They are often based on traditional approaches which are generally unable to adequately grasp

:nd tackle the above mentioned complexities and uncertainties. The paper presents an approach for strategic and asset
—anagement decision-making framework for mining companies.

The mining industry has not yet developed its own adequate decision-making framework for this purpose

-ontrary to some achievements and experience in other industries. Once elaborated and adapted to mining, it may assist
‘zcision-makers in key decision-making processes and asset management by providing more realistic insights. The
~-oposed approach may easily complement existing traditional approaches and also intends to integrate them into a
‘olistic process.

The proposed model may bring some tangible benefits to mining companies. They include, but are not limited to

se¢ also [5]):

* Elaboration of a robust and integrated strategic and asset management decision-making framework with
a rigorous scientific and technical basis.

e Increased robustness, resilience and flexibility of mining organizations facing numerous uncertain
future scenarios including plausible rare, disruptive events

e  Optimised return on investment and growth;

Long-term planning, and performance sustainability;

The ability to demonstrate best value-for-money within a constrained funding regime;

Compliance with regard to the required standards and legislation;

Improved health, safety and environmental performance;

Improved corporate reputation, and benefits which may include enhanced shareholder value, , better

staff satisfaction and more efficient and effective procurement from the supply chain; the ability to

demonstrate that sustainable development is actively considered within the strategic planning and

management of the assets over their life cycles.

The mining industry also needs to better understand the scope, benefits and challenges of application of the

concept of asset management. It should be investigated through both future research and actual applications. They
miclude, but are not limited to:

e Develop a detailed model of mine strategic planning and asset management

e  Analyse and define a right balance between the use of traditional and novel approaches. It also includes
reasonable combinations of those two approaches within a global methodology.

e Define and characterise more accurately the nature and strength of interconnections between sub-
models and their constitutive parts as well as associate uncertainties.

¢  Pursue detailed studies of sub-systems and constitutive parts of the global model in order to achieve a
better understanding and refine the global model

e Identify and map in a more detailed way associated characteristics of complexity for both sub-systems
and their constitutive parts

¢ Conceive and carry out some pilot projects with actual mining enterprises in order to validate the
model, and to acquire a better understanding of the approach.

It is also worth emphasizing that similar approaches may be developed for other industries.
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18 INTRODUCTION

Although used for thousands of years, the masonry as a building matenal 1s still not sutficiently well known. For
most young engineers, the using of masonry for structures (in the form of ceramic blocks or solid bricks, various
mortars. unreinforced or reinforced or confined) by all the calculations requests to be made, according to both
Romanian codes P100 (Eurocode 8) and CR6 (Eurocode 6) begin to be easily avoided passing to other structural tvpes,

Remforced concrete theory provides answers much easier to understand and easier to apply, so it is more
convenient to accept a reinforced concrete structure (a frame or dual one) instead of masonry building with structural
masonry walls.

Generally speaking, when theorists cannot consistently establish a behavior theory (or a constitutive law) for a
structural material and for the structures made with this material, appeals to testing models, preferably in natural scale.

Costs are absolutely significant and the models cannot be no matter how large, depending of the height of
laboratories, shaking table surface and weight they can carry, etc. And it should be noted that no laboratory (usually
private) will build a natural model directly on the shaking table, careless of the material engineered in the structure,
because it means that during that period, the shaking table is unusable. It is not economically acceptable to have the
shaking table "locked" because it must work to obtain funds for laboratories. Actual models are built in another area of
the laboratory and then are moved on the shaking table. For this reason, the weight patterns cannot be higher than
existing equipment can carry in laboratories.

Determining the damage regions of a structure (even it is only about the tendencies) concerning all structural
vulnerabilities, otherwise than using building physical natural models and testing them in laboratory conditions, just
using computational models and structural design programs (ETABS, SAP2000) is a goal of all specialists in the field.

v A ABOUT THE USING OF ENERGY DISSIPATION

In what follows we try the comparisons between structural responses for real models and numerical models,
determining a method to provide sufficiently clear answers and precise about the behavior and tendencies.

As a “tool” to work is preferably using a computer program very well-known and appreciated by specialists who
have decades of testing and successive improvements: ETABS, in the latest 2013 version 3.1.3. Practically 99% of all
the world's major buildings were designed with the program. After the appearance like mushrooms of dozens of similar
programs, answers more or less similar, yet it is not hard to say that the "old" ETABS in a young shape version remains
a leader of structural analysis tools. And that there is an inter-communication continues with similar oriented products,
the same company offers unlimited solutions.

To determine the damage trends or tendencies, with structural responses in the form of dissipated energy (called
virtual work, in the program) can get very specific information.

Using simplified calculations with strong seismic forces introduced as "unitary" or basic seismic base
coefficient, regardless of the intensity of the forces, the program provides clear trends/tendencies of energy dissipation
in the structure.

This is provided in percent and going the simple idea that any damage means to exceed 50%, low (50-60 %),
moderate (70-80 %) or heavy (90-100 %) can form a general picture on the entire structure behavior.

Knowing the sensibilities or structural vulnerabilities, experts can focus their efforts in order to avoid or mitigate
them so that they can be avoided local collapses and especially progressive collapses inevitably lead to general collapse,
significant loss of lives and economic.

So after all the studies conducted and are presented in what follows, concluded that using structural responses
provided in the form of dissipated energy is favorable for engincers and scientists.

Research purposes, starting from the information coherent and concrete can be made specific and complex
computational models that provide answers clear enough for theorists to create rules, simple, easy to use and clear,
instead of copying formulas given by various specialists from different areas of the world, using different units of
measurement.

After you have used dozens of types of modeling, simple or complex, with a much more cumbersome responses
obtained, it seems that the simplest form "picture” of energy dissipated in a structure (in this paper of masonry, but in
the end it does not matter any type of structure or material) offers the most natural responses on upcoming degradation
and especially areas where they will develop.

Next studies (four in number) come mainly from attempts to achieve numerical validations on seismic tests
performed on shaking tables.

After determining failure modes and areas of sensitivities or vulnerabilities, engineers will know what they have
to do.
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¢ Red areas models - real characteristics masonry spandrels and piers

¢  Blue areas models - infinitely rigid joints

Structural Computation Model

Initial Model — step 1

Model 2 - step 2 — the regions with more than 50% of
dissipated energy were removed for the previous model

Model step 3

Model step 4

Model step §

Model step 6 — colaps total

Dissipated Energy [%]

Dissipaxe& Energy instep |

Dissipated Energy in step 2

Dissipated Energy in step 3

: |'ﬂE

Dissipated E.nergy instep 4

Dissipated Energy in step 5

Dissipaté.d Energy in step 6

It shows a close correlation between numerical responses and the answers real models.

i



S,
& W'-?E GLASNIX RUDARSKO-GEOLOSKO-GRADEVINSKOG FAKULTETA

’:' o

a - Real Model 1

b - Real Model 2

Figure [. The colaps mechanisms of the models

4. STUDY CASES

» Red areas models - real characteristics masonry spandrels and piers

*  Blue areas models — normal/real joints

Structural Computation Model

Initial Model — step 1

Model 2 — step 2 — the regions with more than 50% of
dissipated energy were removed for the previous model

Model step 3

Model step 4
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Dissipated Energy [%]

Dissipat;;i Energy in step 1

Dissipated Energy in step 2

LR

Dissipated Energy in step 3

Dissipated Energy in step 4
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Model step 5

” S ——— - —
Model step 6 Dissipated Energy in step 6
! @ | B
- J - i
o e o

i

Model step 7 Dissipated Energy in step 7
1t shows a close correlation between numerical responses and the answers real models.
Table 2. Figures with models and energy dissipation

It is found that there is not a big difference between the models with rigid joints and the normal joints behavior
-+ types of models are relatively similar in terms of dissipated energy. The difference consist just in one step more.
Between variant modeling with rigid nodes and the normal nodes are found with a difference of two steps before

-~ lapsing. but ultimately it is but a matter of modeling and model your response time. Finally, the behavior is correct,

LY

-4 the same. It can thus be considered, taking into consideration the calculations that follow, that whatever type of

~Zeling local convergence and partial collapses the general collapse is the same.

For these models tested at LNEC Lisbon Laboratory, the answers were similar for the real 3d models on the
~ziung table and the models “tested” in the ETABS program.
Afier the first sets of tests, both on shaking tables and by numerical procedures, the failure mechanisms obtained

.~z more or less similar. [5-10]

STUDY CASES — VERSION 3 -MODEL 1 - CERAMIC BLOCKS

¢ Unreinforced masonry with ceramic blocks with RC slab

Structural ETABS computation model Real 3d model tested on the ISMES shaking table

Front wall — initial

a1
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Real 3d model tested on the ISMES shaking
table

v

Front wall — initial

i

Front wall — after tests

Allz z 12z

-
-
e

RS T

1]

In the tests carried out on the shaking table the following schedule were followed it resulted a template of
collapse mode. [1-4]
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~1UDY CASES - VERSION 4 - MODEL 2 — SOLID BRICKS

¢ Inremnforced masonry with solid bricks with wooden slab
no can observe a strong correlation between the shaking table faults and indications provided by the energy
catzd in models made with ETABS program.

Aost fissures and cracks found are pierced. For sohid bricks the fragile / brittle premature failures did not fiind.
- the solid bricks fissure later than the cored/ceramic blocks.

Structural ETABS computation model Real 3d model tested on the ISMES shaking table

v
O

Front wall — after tests

Lateral wall - initial

Lateral wall — after tests

Rare wall — initial
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"

Rare wall after tests

Table 4. Figures with models and energy dissipation

In the tests carried out on the shaking table the following schedule were followed it resulted a template of
collapse mode. [1-4]

y GENERAL CONLUSIONS

Using a numerical tool - the program ETABS 2013 - models were made similar to the real 3D structural model
analysis carring onto shaking table. It is found that the structural responses of the 3D system analysis form of the
energy dissipation pattern provide sufficiently close the colapse tendencies like in the real 3D shaking table procedure.

It is estimated that in the future, based on dissipated energy paths, depending on the size of the finite element
(FE) using numerical models provides sufficient information about the structural vulnerabilities, so to avoid the
realization of real expensive models. It is found that the structural responses of the a 3D system calculation by the form
of dissipated energy provide sufficiently close the same results to what was found in the real model.
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ANALIZA PODATAKA KONTINUIRANOG GNSS MJERENJA NA PODRUCJU JAME TUSANJ ZA
PERIOD 2011-2013. GODINE

SazZetak: Metode GPS/GNSS sve su prisutnije u realizaciji geodetskog monitoringa. Kontinuirani monitoring u zoni uticaja rudarskih
“ova magae bi prufiti novi kvalitet u sprecavanju posiiedica rudarske aktivnosti. Kontinuirano geodetsko pracenje bilo bi osnova za utrdivanje
wia konsolidacije terena na osnovu kompleksne analize podataka cjelokupnog monitoringa koji se obavija.

Problem uticaja rudarske aktivnosti prisutan je i na podrucju Tuzle. U zoni uticaja eksploatacije tuzlanskog sonog leZista jos je aktivan
ces pomjeranja terena, tako da se | dalje vrse geodetska mjerenja za pracenje navedenog procesa. U okviru NATO projekta, pored ostalog,
avijena je, i wvedena u rad, GNSS oprema za kontinuirana GNSS mjerenja. Od 2010. godine, pored periodi¢nih, vrie se i kontinuirana GPS

~erenja. U eilju sagledavanja moguénosti primjene navedene tehnologije, analizirani su podaci prikuplieni ovom tehnologijom za GNSS
Jnitoring stanicu na podrucju Tusnja.
Aljuéne rijeci: Monitoring, pomjeranje, eksplatacija, GNSS, referentna stanica, monitoring stanica.

DATA ANALYSIS OF THE CONTINUQUSLY GNSS SURVEYING THE MINING PIT TUSANJ FOR THE
PERIOD 2011-2013 YEAR

Summary: GPS/GNSS methods are becoming more frequent in the implementation of monitoring. Continuous monitoring in the zone affected by
~ning activities could provide a new quality in the prevention of the consequences of mining activities, Continuous geodetic monitoring would be
-z basis for the calculation of the consolidation of terrain based on a complex analysis the overall monitoring data which already in progress.

The Poblem of influence of mining activities is alse present in the Tuzla area. In the zone of influence the exploitation inTuzla's salt deposits,

- process of moving field is still active. and bacause of that is continues with geodetic measurements and monitor this process. Within of the NATO
coreci, among other things, is purchased and placed in the work GNSS equipment for continuous GNSS measurements. Since 2010., besides the
criodic, are performed and performing the continuous GPS measurements too. In order to analyze the possibilities of applying these technologies,
- analvzed the data collected by this technology for GNSS monitoring station in the area Tusnja.
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Rudarska eksploatacija mineralnih sirovana neminovno dovodi do prostornih promjena na podrudju rudarskih
radova. Podzemna eksploatacija za posljedicu ima razvoj procesa pomjeranja stijenskog masiva i povrine terena u
zoni rudarskih radova. Manifestacija ovih procesa na povrsini terena ogleda se u promjeni karakteristika povriine
terena koja je u funkciji vremena. Razvo) procesa stvara rizik od nastanka materijalnih Steta, ponekad i sa
katastrofalnim posljedicama. Zbog toga postoji i zakonska obaveza rudnika da, prije svega. geodetskim metodama,
prati ponasanje povriine terena u zoni uticaja rudarskih radova. Razvoj novih tehnologija omogucio je i razvoj novih
metota za prikupljanje prostorno-vremenskih podataka, pa tako i podataka o prirodnim i tehnogenim procesima
vezanim za povriinu Zemlje.

Tehnologija satelitskog pozicioniranja (GNSS) sve je prisutnija u svim sferama ljudske djelatnosti. GNSS
tehnologija podrazumijeva aktuelne sisteme pozicioniranja GPS i GLONASS, kao i sisteme u razvoju (GALILEO,
COMPASS). Posebna oblast primjene metoda satelitskog pozicioniranja, odnosno metoda GNSS mjerenja je u
pracenju prirodnih i tehnogenih procesa vezanih za povrsinu terena.

Pracenje navedenih procesa uobi¢ajeno je preko odredenog skupa diskretnih tacaka. GNSS tehnologija pruza
mogucnost i kontinuiranog pradenja u vremenu. Za pracenje procesa koriste se ponovljena ili kontinuirana GNSS
mjerenja na fiziéki stabilizovanim tackama (ta¢kama pasivne ili aktivne referentne osnove/mreze).

Proces pomjeranja povriine terena, sa drasti¢nim posljedicama, karakteristi¢an je za grad Tuzlu. LeZiSte soli u
Tuzli se nalazi ispod gradskog podruéja. Dubina zalijeganja je promjenljiva i krece se od cca 150 metara u
jugoistonom dijelu, do cca 600 metara, u sjeverozapadnom dijelu leZista /7 / Industrijska proizvodnja slane vode
zapocela je 1886. godine, u isto¢nom dijelu lezista na reviru Trnovac-Hukalo, crpljenjem slane vode putem dubokih
busotina (sonih bunara). Intenzivna prizvodnja slane vode uzrokovala je intenzivna pomjeranja i deformacije terena u
urbanom podruéju grada, sa drasti¢nim posljedicama na objekte /5/. Eksploatacija kamene soli jamskim putem pocinje
1967. godine. U periodu od 1983. do 1991. godine, pored nckontrolisanog izluzivanja na reviru Trnovac-Hukalo, vrsi
se i kontrolisano izluZivanje iz prostorija jame "TuSanj".

Zbog posljedica eksploatacije donesena je odluka o prestanku eksploatacije tuzlanskog sonog lezista. U periodu
2002.-2004. godine izvrieno je potapanje jame "Tu3anj". U periodu od marta 2006. do maja 2007. godine vri se
postupna obustava eksploatacije na sonim bunarima /3/. Rudnik soli Tuzla i opéina Tuzla i nakon obustave
eksploatacije vrie periodi¢na geodetska mjerenja.

'Slijeganje' terena u zoni uticaja eksploatacije tuzlanskog sonog leZista trenutno je ogranicavajuci faktor u
prostornom planiranju Tuzle, odnosno planiranju koridtenja zemljidta. Za potrebe prostornog planiranja opdéina Tuzla
je, 2013, godine, pokrenula novi projekat geodetskog pracenja ponaSanja terena u zoni uticaja eksploatacije sonog
lezista Tuzla. Ovim projektom e biti objedinjena rudni¢ka i opéinska mjerenja.

Takode, u okviru istraZivanja kroz NATO projekat izvedene su, 2011. godine, dvije serije mjerenja GNSS
tehnologijom /4/. Pored ovih mjerenja, u okviru NATO projekta, nabavljena je i uvedena u rad oprema za kontinuirano
GNSS pracenje poloZzaja monitoring stanica /5/. U nastavku ce biti prezentovani rezultati kontinuiranog GNSS
pracenja na lokalitetu TuSanj. Za informaciju dat je kratak prikaz dosada registrovanih pomjeranja geodetskim
metodama.
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£ PRACENJE POMJERANJA POVRSINE TERENA U TUZLI

U cilju pracenja i izuéavanja samog procesa pomjeranja povrsine terena  svake godine vrSena su geodetska
~ eremja u cilju odredivanja prostornih koordinata, odnosno promjene polozaja stabiliziranih tacaka. Nakon 1991,
_dime geodetska opaZanja vriena su u smanjenom obimu i sa neujednac¢enim vremenskim razmakom.

Broj opazanih tataka se mijenjao tokom vremena. Za period do 1991. godine, postoji oko 330 tacaka sa
- rnatim vertikalnim pomjeranjem, a oko 40 ta¢aka sa poznatim horizontalnim pomjeranjem /2/. Na slici 1 prikazane
- tacke za koje su poznata vertikalna pomjeranja/slijeganja za period 1956. - 1991. godine i model ulegnuca generisan
<2 osnovu slijeganja u datim tatkama., Maksimalno slijeganje, za ovaj period, je preko 9 metara. Maksimalno
norizontalno pomjeranje za ovaj period iznosilo je oko 6,7 m /1/. Na slici | horizontalna pomjeranja su prikazana kao
. <ktori. Pored tacaka sa poznatim pomjeranjem prikazani su i eksploatacioni bunari. Veli¢ina simbola za bunare
sroporcionalna je ukupnoj proizvodnji pojedinih bunara. Za orjentaciju, prikazan je dio ulica iz 1965. godine kao i
+1estacka jezera izgradena nakon 2006. godine u zoni najvecih slijeganja. '

%1000 m3

& 300 do 491
& 200 do 300
® 100 do 200
©  50do 100

ido 50

slijeganje (m)
1956.- 1991,

& e o

d N e X .
lezista (1956.-1991.)

Slika 1. Opazane tacke i pomjeranja u zoni eksploatacije tuzlanskog sonog

2.1. Praéenje pomjeranja terena tokom obustave eksploatacije

U sklopu projekta potapanja jame ,, Tusanj* predvidena su geodetska opaZanja tacaka stabiliziranih iznad jame
TuSanj. Od aprila 2002. do jula/avgusta 2004. godine izvedeno je pet serija mjerenja. OpaZano je oko 200 tacaka, a za
78 tataka poznato je vertikalno pomjeranjem za navedeni period /3/. Registrovano slijeganje iznad jame TuSanj, za
period od 27 mjeseci, iznosilo je do 0,092 m.

Tokom planske obustave rada sonih bunara, prema Dopunskom rudarskom projektu (DPR), takode su vriena
geodetska mjerenja za odredivanje kako vertikalnih tako i horizontalnih pomjeranja. Geodetska mjerenja su nastavljena
i nakon prestanka eksploatacije. Od juna 2007. do novembra 2012. godine realizovano je vise serija mjerenja sa
razli¢itim brojem opazanih tacaka. Maksimalno slijeganje na lokalitetu Trnovac registrovano je na tatkama koje nisu
opazane u svim serijama. Za period od oktobra 2008. do novembra 2012. godine je registrovano slijeganje od 0,532 m.
Ovo pokazuje da se i nakon prestanka eksploatacije mogu ocekivati znatna pomjeranja.

3. KONTINUIRANO PRACENJE POMJERANJA TERENA

Marta 2009. godine pocela je realizacija Nato projekta (Development of a Monitoring NATO Project
EPS.EAP.SFP 983305) "System to Counter manage the Risks of Subsidence Deformation on the Population of Tuzla
(Bosnia)" u koji su ukljuceni, pored predstavnika RGGF-a Univerziteta u Tuzli i predstavnika Univerziteta iz Bolonje, i
predstavnici opstine Tuzla i Tuzlanskog kantona. Cilj projekta bio je nabavka opreme za monitoring u zoni uticaja
ckspoatacije tuzlanskog sonog leZista/5/. Za potrebe geodetskog monitoriga, pored ostalog, nabavljena je GNSS oprema
za kontinuirana GNSS opazanja.
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3.1.  Sistem za kontinuirano praéenje pomjeranja

U okviru NATO projekta nabavljena je, pored ostalog, GNSS oprema za kontinuirana GNSS opaZanja, koja se
sastojl od:

- GNSS referentne stanice (prijemnik GRX1200+GNSS, antenaAT504 GG) (Slika 2.)

- GNSS monitoring stanica (prijemnik GMX902 GG, antena AX1203+GNSS)

Ove GNSS stanice povezane su u sistem putem internet veze.

Programske komponente sistema su Leica GNSS Spider i GNSS QC. Leica GNSS Spider je softver za
centralizovano kontrolisanje i rad za jednu referentnu stanicu ili mrezu referentnih stanica kao i prikupljanje i
distribuciju podataka sa senzora. GNSS QC softver sluzi kao dodatak Leica GNSS Spideru za pracenje kvaliteta
GPS/GLONASS podataka i kreiranje izvjestaja /URL 1/.

dvofrekventni prijemnik i antena antena na stubwhrovu  graficki prikaz signala sira .

Slika 2. Komponente sistema za kontinuirani monitorig

GNSS QC je namijenjen za ralunanje i graficki i numericki prikaz pomjeranja. Uz Leica GNSS Spider
predviden je za pracenje deformacija koriStenjem GPS/GLONASS satelitskih sistema i pracenje integriteta referentnih
stanica /URL 1/.

Referentna stanica postavljena je na lokalitetu izvan zone uticaja izluzivanja (zgrada Opcine Tuzla). Kao
kritiéno podru¢je definisano je i podruéje iznad potopliene jame TuSanj /5, 6/. Zbog toga je na lokalitetu iznad
potopljene jame Tusanj postavljen jedan GNSS prijemnik/monitoring stanica, koja kontinuirano prikuplja podatke i,
putem internet veze, prosleduje na server.

Sistem je namijenjen za odredivanje koordinata monitoring stanice u realnom vremenu (RTK). Mjerenja i
odredivivanje koordinata vrsi se svake sekunde i rezultati mogu biti pokazani u grafickom ili numerickom obliku. U
okviru instalisanih programa vrii se automatska obrada prikupljenih podataka i raunaju koordinate stanice Tusanj u
realnom vremenu, pri ¢emu su koordinate referentne stanice Tuzla fiksne.

Prikupljeni podaci se arhiviraju u fajlove za vremenski interval od 1 sata (3600 zapisa). Ovako formirani zapisi
podataka predstavljaju vremenske serije, ¢ijom analizom se moze utvrditi postoji li trend, periodi¢nost ili cikli¢nost u
promjeni vrijednosti koordinata, a za krace ili duZe vremenske periode. Zbog povremenih prekida u internet vezi satni
RTK fajlovi ne sadrZe uvijek isti broj zapisa/mjerenja.

3.2. Podaci mjerenja u realnom vremenu (RTK pedaci)

Podaci kontinuiranog monitoringa prikupljaju se od septembra 2010. godine. U septrembru 2011. godine
(20.09.2011.) odredene su koordinate stanice Tuzla i TuSanj u odnosu na mreZu referentnih GNSS stanica u BiH, tj.
pozicioni sistem FBiHPOS u ETRF2000 koordinatnom sistemu. U tabeli 1 su date koordinate ovih stanica, kao i
standardno odstupanje sa kojim su odredene koordinate.

stanica Latituda (¢) Longituda (A) h(m) | Sd_lat(m) Sd;long( m) | Sd_h(m)
Tuzla | 44°31,9628712' | 18°41,2619012' | 304,4280 0,0036 0,0034 0,0032
Tuganj | 44°32,9493660' | 18" 39,9947315' | 304,6218 0,0036 0,0034 0,0031

Tabela 1: koordinate GNSS stanica

Obzirom na ovu ¢injenicu, analizirani su podaci za period nakon septembra 2011. godine. U tabeli 2 prikazana je
struktura fajla koji sadrZi podatke RTK mjerenja. U koloni 2 je vrijeme u obliku hhmmss, a u koloni 3 je datum. U
kolonama 4 i 6 su vrijednosti latitude i longitude u obliku ddmm,mmmmmm (stepeni minute). U kolonama 5 i 7 su
oznake hemisfere. Kolone 8, 9 i 10 sadrze oznaku za tip rjeSenje, broj satelita i kvalitet pozicioniranja (procijenjena
gredka pozicioniranja (m)). U koloni 11 je visina (elipsoidna), a u koloni 12 je oznaka jedinice za visine. Kolona 13
sadrzi vrijednost GDOP faktora. U kolonama od 14 do 19 dati su elementi kovariacione matrice.
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Tp Latituda (¢) |Longiada (&) g |beay (Kval | Vismalh) Elermnent
odatky sal datum (ddmmmm J [N Uddwmanm ) |E  |rjes |satel |Pozic |(m) M| GDOP [kov_matr
I 1 4 A § * 7 L] v " " {4 " 14

?GPLMM 11954 | 1282000 [ 4432950050 | N | 1839995575 E 3 14 | 0015 | 302412 M 2.9 (.546575
SGPLMM | 1 1955 | 12820010 [ 4432950647 | N [ 1839995574 E A B 6,017 | A02.424 M 2.9 No3lasl

Tabela 2. Struktura fajla sa podacima RTK mjerenja

Da bi se dobio uvid u taénost RTK mjerenja, analizirana su odstupanja pojedina¢nih koordinata od srednje
vrijednosti odredene za jednosatne RTK fajlove. Za latitudu i longitudu odstupanja su preracunata u linearne veli¢ine
metre). Kod preracunavanja, budu¢i da se radi o malom podrucju, Zemlja se moZe smatrati kuglom polupre¢nika R =
5371000 m, pa su rastojanja ra¢unato kao duzina kruZnog luka.
Odstupanja u pravcima latitude (dx) i longitude (dy) racunata su po slede¢im izrazima:
dx (m) = 6371000 *(¢- ¢.)
dy (m) = 6371000%cos (¢)*(N- N)

edje je: @, @, N, N~ pojedinacne i srednje koordinate @i A

Za ilustraciju rasipanja pojedinaénih vrijednjosti oko aritmeticke sredine uradeni su graficki prikazi razlike
pojedinaénih i srednje vrijednosti koordinata iz dva RTK fajla, a za vremenski interval od jednog sata (Slika 3.).
Vidljivo je da su varijacije oko srednje vrijednosti intervalne, sa neujednacenom Sirinom intervala. Za ovaj skup
podataka uradena je transformacija pokretnom sredinom, sa korakom 60, 3to odgovara vremenskom intervalu od jedne
minute. Transformacijom je zna¢ajno smanjena Sirina intervala rasipanja oko srednje vrijednosti (Slika 3.).
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Za prikaz moguénosti ovog sistema, odnosno ta¢nosti pozicioniranja u realnom i blisko-realnom vremenu,
prikupljeni podaci su statisticki obradeni. Kao uzorak iz (osnovnog) skupa RTK podataka obradivani su podaci
jednosatnih RTK fajlova za razli¢ite dane tokom perioda 2011. - 2013. godine.
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Statisticki parametri koji su odredivani za koordinate 1 visinu su:
- Arntmeticka sredina
- Standardno odstupanje
- Raspon (max-min)

Obradeni su podaci i1z vise RTK satnih fajlova, a za razli¢ite datume i sate. U tabeli 4 dati su rezultati statisticke
obrade RTK satnih fajlova za nekoliko dana iz novembra 2011. godine. Tabela sadrzi statisticke parametre za 7
fajlova/podskupova u kojima se broj podataka (n) krece od 3352 do 3600 (ukupno 24385 mijerenja). Fajlovi sadrze
podatke za isti period dana.

StDev |Rang _—__‘St!)ev Rany StDev  |Ramg
n Dawum_i_vrijnie Sredina_lat Jat{m) lat{m) | Sredina_lon, long(m}|long(m)|Sredina_h {h_(m) [h_(m)
335219112001 02:23:01  14432.9493630 U._DO?%,OZDQ 1839,9947369 10,0020 [0,0117 |304,6213 [0,0056 10,038 |
E?}s 10.11.2011_02:21:59 (44329493629 {0,0027(0,0172]1839.9947371 10,0014 |0,0098 |304,618% [0,0051 [0,041
gﬂj@l 1.2011 02:22:01 [4432,9493630 (0,0023{0,01551839,9947369 |0,0013 [0,0100 |304,6175 [0,0052 |0,035
3600 [12.11.2011 02:21:58 [4432,9493629 [0,0018{0,0141{1839.9947370 10,0014 10,0103 |304,6196 |0,0047 0,035
3502 113112011 02:21:57 44329493633 [0,0021(0,0158]1839,9947363 10,0017 10.01)) [304,6203 }0,0050 0,037
3554 |14.11.2011_02:21:55 |4432,9493625  |0,0022]0,0165|1839,9947365 [0,0016 (00112 [304,617] 00052 ]0,036
3424115.11,2011 00:22:03 [4432,9493633  |0.0030{0,0180]/1839,9947372 [0,0018 (0,0112 {304.6167 |0,0050 0,033

24385 [sredina 4432,9493630  |0,0024]0,0169)1839,9947368  [0,0016 [0,0107 [304,6188 [0,0051 |0.0364
Raspon{m)y=max-min_|0,0015 0,001210,0068]0,0016 0,0007 {00019 10,0045 0,0009 [0,008
Tabela 4. Rezultati statisticke obrade RTK fajlova iz novembra 201 ].godine

Tabela 5 sadrZi statisticke parametre za 15 fajlova/podskupova iz 2012. godine, u kojima se broj podataka (n)
kreée od 2386 do 3600 (ukupno 48233 mjerenja). Fajlovi sadrZe podatke mjerenja iz razli¢itih mjeseci, kao i razli¢itih
perioda dana.

Stdev_ Stdev Stdev_h
n Datum i vrijeme Sredina_lat lat(m) |Sredina_long |long(m) |Sredina h [{m)
3600 10.01.12 09:29:34 10:29:34 4432,9493644 | 0,0048 | 18399947360 0,0046 3046156 0.009
2714 10.01.12 19:29:42 20:28:05 44329493636 | 0,0023 | 1839,9947358 0,0022 304,6257 0,0056 |
3600 10.02.12_16:26:24 17:26:23 4432,9493635 | 0,0033 | 1839,9947340 0,003 3046214 0.0101
2964 10.02.12 (08:25:26_09:26:24 44329493622 | 00031 | 1839,9947370 0,002 304,6331 0,0045
2539 | 11.03.12 23:33:39 00:33:38 | 44329493637 | 0,0032 | 18399947368 | 00016 304,6172 0.0047
3322 10.04.12 06:24:28 07:19:49 4432,9493625 0.002 1830.9947366 0.0028 304.6174 0.0061
3598 | 11.05.12 10:34:14 11:34:13 | 4432,9493660 | 0,0046 | 18399947361 | 0.0033 304,6154 00123
3247 11.05.12 18:34:13 19:34:12 44329493630 0,005 183999473069 0,0035 304,6125 0.0077
3381 | 10.06.02 20:21:37 21:17:57 | 44329493665 [ 00047 | 1839.9947406 | 0,0042 304,6195 0.0146
2884 10,.07.12 20:42:49 21:35:32 44329493652 | 0,0039 | 18399947375 00031 304.6141 0,0052
3600 10.08.12_13:26:13 14:26:12 44329493660 | 00081 | 18399947349 1,004 304,6338 0.0'[3I*4
3368 26.09.12 00:21:41 01:21:23 44329493651 | 00026 | 18399947376 00016 304,6197 0,0059
3430 22.10.12 18:25:0_19:24:27 44329493663 | 00028 | 18399947365 0.0018 304,6186 0.0044
3600 25.10.12_15:25:45 16:25:45 44329493653 | 0,0029 | 18399947154 0,0035 304,6181 0,0054
2386 25.10.12 18:59:43 19:59:43 44329493652 | 0,0037 | 18399947365 0,0028 304,6199 0.0054

48233 Sredina_n 4432,9493647 | 0,0038 | 1839,9947365 | 00029 | 304.6201 | 00076
Raspon(m) 0,0080 0,0061 0,0087 0,0030 0,0213 0,0102
Tabela 5. Rezultati statisticke obrade RTK fajlova iz 2012. godine

U tabeli 6 date su vrijednosti statisti¢kih parametara za 9 satnih RTK fajlova iz novembra 2013. godinne (30518
zapisa). Fajlovi sadrze podatke za razlicite datume i periode dana.

Stdev Stdev Stdev_h

n Datum i vrijeme Sredina_lat | Tat(m) | Sredina long | long(m) | Sredina h (m)
3518 19.11 13 05:31:18 4432,9493630 | 0,0048 1839,9947376 0,0054 04,6156 0.0108
3600 18.11 13 _15:31:19 44329493681 0,0028 1839.9947327 0,0019 304,6155 0,0038
3600 16.11 13 13:31:22 44329493672 | 00041 | 18399947333 0,0035 04,6176 0,0063
3600 171113 23:31:22 44329493637 | 00048 |  1839,9947364 0,0068 304,6190 0,0135
1998 18.11_13 00:31:22 44329493647 | 0.0035 1839,9947352 0,0038 In4.6156 0,0102
3600 18.11.13 03:31:23 4432,9493638 | 00025 18399947161 0,0018 3046160 0,0050
3520 22.11.13 04:31:13 44329493649 | 0,0039 1839,9947157 0,0023 3046151 0,0058
3509 251013 163121 443294936061 0.0039 1839,9947347 0,0020 304,6130 0,0059
3573 29.11.13 16:31:48 44329493662 00028 |  1839,9947348 0,0020 04,6148 .0059
30518 sredina 44329493653 | 0,0037 | 1839,9947352 | 0,0033 304,6158 | 0,0075
raspon_{m) 0,0092 0,0023 40,0066 0,005 0,006 0,0097

Tabela 6. Vrijednosti statistickih parametara za nekoliko samih RTK fajlova iz novembra 2013.

Na kraju tabela 4, 51 6 date su srednje vrijednosti i §irina intervala rasipanja (raspon_m) za pojedine parametre
iz skupa analiziranih fajlova.
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4. ANALIZA REZULTATA

Analizirana su tri podskupa RTK satnih fajlova iz razli¢itih perioda/godina. Ukupan broj analiziranih
zapisa/mjerenja je 103136 (24385+48233 ~30518) koji su sadrzani u 29 RTK satnih fajlova.

Iz tabela 4, 5 i 6 je vidljivo da je za prvi podskup znac¢ajno manji interval rasipanja i srednjih vrijednosti i
standarnih odstupanja za longitudu i latitudu u odnosu na druga dva podskupa. Za prvi podskup srednje vrijednosti
pojedinih RTK satnih fajlova su gotovo indentiéne, interval rasipanja srednjih vrijednosti longitude i latitude za ovaj
skup RTK satnih fajlova je do 1,6 mm. Razlike srednjih vrijednosti visina su nesto vece i krecu se u intervalu do 4,5
mm. Vrijednosti standarnog odstupanja za koordinate su vrlo ujednacene sa varijacijama oko 1 mm. Za fajlove iz 2012.
i 2013. godine, interval rasipanja srednjih vrijednosti je znatno $iri. Takode su i standardna odstupanja kao i njihove
varijacije veée u odnosu na predhodni skup. Vrijednosti pokazatelja za novembar 2013. su vrlo bliske vrijednostima za
2012. godinu Jedino su varijacije srednjih visina znatno manje, ali standardna odstupanja se ne razlikuju znacajnije.

Ako se pak uporede srednje vrijednosti koordinata iz razmatranih perioda, (novembar 2011., januar_oktobar
2012. i novembar 2013.) vidljivo je da su razlike za latitudu i longitudu bliske vrijednosti standardnog odstupanja, a za
visinu su znatno manje od standardnog odstupanja (Tabela 7).

Period dx (m) dy(m) dh(m)
2012-Nov2011 0,0031 -0,0004 0,0013
Nov2013-2012 0,0011 -0,0017 0.0031
Nov2013- Nov2011 0,0043 -0,0021 -0,0030

Tabela 7. Razlike srednjih vrijednosti koordinata iz razlicitih perioda

Takode je izvréeno poredenje koordinata Tu3nja, odredenih iz statickih GNSS mjerenja u mreZi BiHPOS
20.09.2011. (pocetne koordinate), i srednjih vrijednosti koordinata odredenih iz navedena tri skupa satnih RTK
mjerenja. U tabeli 8 date su vrijednosti koordinata, standardno odstupanije, te razlike koordinata preratunate u metre.

periodi dx({m) dy(m) dh(m)

Poéetne - RTK_nov2011. 0,006 -0,007 0.003
Poéetne -RTK_2012. g. 0,002 -0,007 0,002
Pocetne -RTK_nov2013. 0,001 -0,005 0,006

Tabela 8. Razlike pocetnih koordinata Tusnja i srednjih RTK koordinata iz razlicitih perioda

Najmanje razlike po¢etnih i RTK koordinata za novenbar 2013. godine su bliske vrijednostima standardnih
odstupanja. Taénost odredivanja koordinata, iskazana kroz RMS, odnosno standardno odstupanje krece se do 4 mm.

Razlike srednjih vrijednosti kordinata za skupove RTK podataka iz novembra 2011. i novembra 2013. godine su
do 4 mm. Prosje¢na vrijednost standardnog odstupanja za koordinate iz RTK satnih fajlova je oko 4 mm, pa se moZe
smatrati da su razlike koordinata iz pojedinih perioda u granicama ta¢nosti odredivanja istih. Razlike srednjih visina su
znatno manje od standardnog odstupanja za visine. Treba naglasiti da srednje vrijednosti iz RTK fajlova za isti sat dana
(7 fajlova iz novembra 2011.) imaju vrlo male varijacije (do 1,5 mm). Ovo je vjerovatno povezano sa kvalitetom
satelitskih signala koji je promjenjiv tokom dana.

5. ZAKLJUCAK

Analiza rezultata mjerenja ukazuje na stabilnost stanice TuSanj. Razlike srednjih vrijednosti kordinata za
skupove RTK podataka iz novembra 2011. i novembra 2013. godine su do 4 mm, to se moZe zakljutiti da su razlike u
granicama ta¢nosti odredivanja istih, odnosno da nije bilo promjene poloZaja tacke/stanice. Takode, hronoloski
posloZene srednje vrijednosti koordinata satnih fajlova ne pokazuje trend.

Za vremenske serije RTK koordinata, transformisane pomi¢nom sredinom sa pomakom od 60, odstupanja od
sredine ne prelaze 10 mm, Odavde slijedi da se iz RTK mjerenja u intervalu od jedne minute mogu odrediti koordinate
sa ta¢nos¢u do 10 mm.
monitoring stanicu na podrudju kopleksa 'Panonika', na kojoj su vec registrovana znatnija pomjeranja.

Iz navedenog proizilazi i zakljuéak da je ova tehnologija podesna za pracenje pomjeranja terena, odnosno
pracenje ponadanja objekata u zoni uticaja rudarskih radova. Poznato je da kod podzemne ekploatacije uglja, u aktivnoj
fazi procesa pomjeranja, dnevna pomjeranja tacaka mogu iznositi i do nekoliko centimetara. Takode brzina kretanja
masa na aktivnim klizi§tima moZe biti i subdecimetarska, tako da bi kontinuirano pracenje moglo dati vaZne
informacije o karakteru klizista.
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CONCLUSION

The analysis of results indicates a stability of Tusan; station. The differences in average values on coordinates
from RTK data sets, from November 2011 and November 2013 are up to 4 mm. The average valuation of standard
deviation for the coordinates in November 2013 was 3.8 mm and 2.9 mm, that there was no changes on point/station
position. Also, chronologically arranged average values on coordinates of the hourly files shows no trend.

For the time series RTK coordinates which have been transformed with a removable mid, with displacement of
60, the deviations from the mean value does not exceed 10 mm. It follows that on the basis of RTK measurements at
intervals of one minute can determine the coordinates with an accuracy of up to 10 mm.

The results of this analyzes are only an introduction in a more complex analysis of GNSS continuous
measurement and monitoring stations in the area of complex ,,Panonika“ at which are already registered considerable
displacement.

Follows from the foregoing the conclusion that this technology conducive for movements monitoring of the
ground, or monitoring the behavior of objects in the zone affected by of mining activities. It is known that the
underground exploitation of coal, in the active phase of movements process, daily point displacements can be up to few
centimeters. Also movement speed masses on active landslides can be subdecimetarska, so that the continuous
monitoring could provide important information about the character of landslides.
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BADEN I SARMAT U PROFILU BUSOTINE KR-5 KOD UGLJEVIKA

Sazetak: Istraina busotina KR-5 realizovana je 2014. godine na brdu Prokos kod Ugljevika (sjeveroistocna Bosna i Hercegovina).
Koordinate ove busotine su: y = 6578371 i x = 4948818. Tokom srednjeg mivcena lokalitet ove buiotine pripadao je juznom, priobalskom dijelu
Centralnog Paratetisa. Na osnovu paleontoloskih istrazivanja sedimenti u profilu busotine KR-5 rasélanjeni su na: donji baden, srednji baden, gornji
baden i donji sarmat. Donji baden je debeo oko 70 m i predstavijen je zonom Globigerinoides trilobus i Orbulina suturalis koja je ekvivalentna
Gornjoj Lagenidnof zoni Beckog bazena. U ovoj stratigrafskoj jedinici dominiraju masivni laporci sa podredenim uceséem litotamnijskih krecnjaka i
{aminiranih laporaca. Srednji baden je dokazan zonom Asterigerinata planorbis i Cibicidoides ungerianus ungerianus, Sto predstavija prvo
izdvajanje ove zone, kako na podrucju Ugljevika tako i sjeverne Bosne i Hercegovine. Srednji baden je predstavljen kreénjacima i laporcima, a
debijina mu je oko 10 m. Gornji baden je podjeljen na zonu Bolivina dilatata maxima i zonu Ammonia viennensis. Ovo je prvo izdvajanje navedenih
zona u podrucju Uglievika. Debljina mu je oko 80 m. Gornji baden je predstavijen masivaim laporcima, laminiranim laporcima i krecnjacima. Donji
sarmat ¢ine krecnjaci koji su na osmovu makrofaune definisani kao Ervilia slojevi. Na osnovu superpozicije i korelacije sa susjednim profilima,
najstariji dio donjeg sarmata predstavijen laminiranim glinama i krecnjacima, moze se svrstati u Mohrensternia slojeve. Debljina donjeg sarmata je
oko 40 m.

Sedimenti profila busotine KR-5 taloZeni su u priobalskom dijelu Centralnog Paratetisa gdje su bile ceste oscilacije nivoa mora. Masivni
laporci donjeg badena taloZeni su u cirkalitoralu odnosno na dubinama 50-200 m, a laminirani laporei badena, laminirane gline sarmata, kao i
krecnjaci badena i sarmata, taloZeni su na dubinama manjim od 50 m odnosno u infralitoralu.

Kljuéne rijeci: baden, sarmat, foraminifere, mekuiei, biostratigrafske jedinice, Ugljevik, Bosna | Hercegovina.

BADENIAN AND SARMATIAN IN THE CROSS SECTION OF THE BOREHOLE KR-5 NEAR UGLJEVIK

Summary: The exploring borehole KR-5 has been realized in 2014. year on the hill Prokos near Ugljevik (northeast Bosnia and
Herzegovina). Coordinates of this borehole are: y = 6578371 and x = 4948818. During the Middle Miocene the locality of this borehole was
positioned on the southern margin of the Central Paratethys. On the basis of the paleontological researches the sediments in the cross section of the
borehole KR-5 have been divided to the: Lower Badenian, Middle Badenian, Upper Badenian and Lower Sarmatian. The Lower Badenian is thick
about 70 m thick and represented by the Zone Globigerinoides trilobus and Orbulina suturalis which is equivalent of the Upper Lagenidae Zone of
the Vienna Basin. In this stratigrphic unit massive maris are dominant, and lithothamnium limestones and laminated marls have less participation.
The Middle Badenian is determinated by the Zone Asterigerinata planorbis and Cibicidoides ungerianus ungerianus. This Zone is recognised for the
first time in the area of Ugljevik and north Bosnia and Herzegovina. The Middle Badenian is repr ted by limestones and marls, and has thickness
of about 10 m. The Upper Badenian comprises Bolivina dilatata maxima and Ammonia viennensis Zones. These zones a recognised for the first time
in the area of Ugljevik too. The thickness of the Upper Badenian is about 80 m. This stratigraphic unit is represented by massive marls, laminated
marls and limestones. The Lower Sarmatian is consists of limestones correlated largely with the Ervilia beds based on the macrofauna. lowermost
part (laminated clays and limestones) can be correlated with the Mohrensternia beds based on the neigboring surface outcrops.The thickness of the
Lower Sarmatian is about 40 m.

Sediments in the borehole KR-5 were deposited in the coastal area of the Central Paratethys and reflected therefore common oscilations of
the sea level. Massive marls of the Lower Badenian were deposited in the circalittoral on depths 50-200 m, and laminated marls of the Badenian,
laminated clays of the Sarmatian, as limestones of the Badenian and the Sarmatian, were deposited on depths less than 50 m that is infralittoral.

Key words: Badenian, Sarmatian, foraminifera, molluscs, biostratigraphic units, Ugljevik, Bosnia and Herzegovina.
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1. UvoD

Istrazna buSotina KR-5 radena je 2014. godine u cilju obezbjedenja rezervi kre¢njaka koji ée se koristiti za
odsumporavanje dimnih gasova u Termoelektrani Ugljevik. Locirana je oko 1 km isto¢no-jugoistotno od
Termoelektrane Ugljevik na brdu Prokos, odnosno oko 400 m sjeverno od zavr$ne kosine povriinskog kopa Bogutovo
Selo koja se vidi na sl. 1. Koordinate ove buSotine su: y = 6578371 i x = 4948818,
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BOSNA I HERCEGOVINA

o W

Slika 1. Brde Prokos na kome je locirana istrazna buSotina KR-5(u gornjem desnom uglu slike vide se sedimenti srednjeg miocena
na zavrinoj sjevernoj kosini povrsinskog kopa Bogutovo Selo)

Kompletna buSotina realizovana je s jezgrovanjem a njena krajnja dubina je 200 m. Prvih 67 m buseno je kroz
kre¢njake i iz ovog intervala sacuvano je samo 6 uzoraka za makropaleontolodka istraZivanja. Ostali dio jezgra nije
sacuvan. Jezgro izvadeno od 67-200 m detaljno je snimljeno 1 iz njega je uzeto 10 uzoraka za mikropaleontoloska
istraZivanja. Na osnovu paleontoloskih analiza ustanovljeno je da sedimenti u profilu istraZne buSotine KR-5 pripadaju
marinskom srednjem miocenu Centralnog Paratetisa. Srednjemiocenski sedimenti otkriveni na zavr$noj kosini
povrSinskog kopa Bogutovo Selo, takode su detaljno istraZeni, ali rezultati ovih istrazivanja biti ¢e objavljeni u
posebnom radu.

Marinske sedimente srednjeg miocena okoline Ugljevika istraZivali su: Miljus (1961), Panti¢ et al. (1964), Ci¢i¢
(1964), Petrovic et al. (1969, 1990), Vrabac & Mihajlovi¢ (1990), Rundi¢ (1994), Sokli¢ & Vrabac (1995), Savi¢ et al.
(2005), Mandi¢ et al. (2009), Vrabac et al. (2010, 2011, 2013), Pezelj et al. (2013), 1 drugi. Stratigrafske karakteristike
sedimenata u profilu buSotine KR-5.

2. STRATIGRAFSKE KARAKTERISTIKE SEDIMENATA U PROFILU BUSOTINE KR-5

Na osnovu paleontolo$kih istraZivanja sedimenti profila buSotine KR-5 ras¢lanjeni su na donji baden, srednji
baden, gornji baden i donji sarmat (sl. 2).
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2.1. Donji baden

Ovaj stratigrafski ¢lan definisan je na osnovu foraminifera u uzorcima od 133,8-200,0 m. Sedimenti donjeg
badena pripadaju zoni Globigerinoides trilobus i Orbulina suturalis. Identiénu zonu u buSotinama rejona Glinje i
Peljave izdvojili su Petrovi¢ et al. (1969). Prema Pezelj et al. (2013) ova zona je sinhrona sa Gornjom Lagenidnom
zonom Betkog bazena. Na osnovu kre¢njackog nanoplanktona kojeg su u podruéju Ugljevika definisali Mihajlovié
(Vrabac & Mihajlovi¢, 1990) i Cori¢ (Vrabac et al., 2013) proizilazi da navedena foraminiferska zona pripada zoni NN6
(Martini, 1971).

Donjebadenski sedimenti istraZivanog profila dominantno su predstavljeni laporcima bez izraZene slojevitosti
(sl. 3) u kojima se mjestimi¢no pojavljuju laminirani laporci i proslojci litotamnijskih kreénjaka (sl. 4).

& e 1y

Slika 4. Donjebadenski litotamnijski krecnjak sa dubine 166,7 m

U masivnim laporcima nadeni su: Pseudamussium sp., Neopyenodonte navicularis (BROCCHI), Pinna sp. i
Vaginella austriaca KITTL (sl. 5).

Slika 5. Vaginella austriaca KITLL u donjebadenskom masivnom laporcu sa dubine 176,35 m
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Brojne krljusti riba zastupljene su u intervalu 158-159 m, a mnos$tvo amfistegina prisutno je na dubini 165 m. Na
dubini 133,5 m laporci sadrze ugljenificirane fragmente makroflore duZine preko 76 mm (precnik jezgra) i Sirine oko 1
cm.

Mikropaleontoloski uzorak sa dubine 200 m ¢&ini sivi laporac u kome su rijetko prisutne ljuSture preropoda
(Vaginella austriaca KITLL) i sitni kapci Skoljkasa koji vjerovatno pripadaju korbulama. U uzorku su odredeni
fragmenti ehinida i foraminifere (sl. 6) koje su relativno rijetko zastupljene. Odredene su sljedece foraminifere:
Globigerinoides trilobus (REUSS), Lenticulina inornata (d'" ORBIGNY), Spirorutilus carinatus (d' ORBIGNY), -
Semivulvulina deperdita (d' ORBIGNY), Pullenia bulloides (d' ORBIGNY), Bulimina buchiana d’ ORBIGNY,
Praeglobobulimina pupoides (d' ORBIGNY) i Dentalina sp..

Slika 6. Asocijacija foraminifera iz donjebadenske zone Globigerinoides trilobus i Orbulina suturalis (uzorak sa dubine 200 m)

Sivi laporac sa dubine 154,5 m sadrzi fragmente krljusti riba i bodlji ehinida. Foraminifere su relativno ¢esto
zastupljene sa izrazitom dominacijom planktonskih formi. Odredene su sljedece foraminifere (sl. 7): Globigerinoides
trilobus (REUSS), Orbulina suturalis BRONNIMANN, Globigerina bulloides (d' ORBIGNY), Asterigerinata
planorbis (d' ORBIGNY), Pappina parkeri (KARRER), Valvulineria complanata (d' ORBIGNY), Bulimina sp.,
Bolivina sp. 1 Pyramidulina sp.

Slika 7. Asocijacija foraminifera iz donjebadenske zone Globigerinoides trilobus i Orbulina suturalis (uzorak sa dubine 154,5 m)

Najmladi dio donjeg badena predstavlja uzorak sivog laporca sa dubine 133,8 m. Pored fragmenata krljusti riba,
nadene su foraminifere koje su relativno ¢esto zastupljene sa izrazitom dominacijom planktonskih formi. Odredene su
sljedece vrste (sl. 8): Globigerinoides trilobus (REUSS), Orbulina suturalis BRONNIMANN, Globigerina bulloides (d'
ORBIGNY), Asterigerinata planorbis (d' ORBIGNY), Nonion commune (d' ORBIGNY) i Cibicidoides sp..

Slika 8 Asocijacya foraminifera iz donjebadenske zone Globigerinoides trilobus i Orbuling suturalis (uzorak sa dubine 133,58 m)
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2.2.  Srednji baden

Sedimenti srednjeg badena definisani su zonom Asterigerinata planorbis i Cibicidoides ungerianus ungerianus.
Zanimljivo je da je ovo prvi profil, kako na podruéju Ugljevika, tako i sjeverne Bosne i Hercegovine, na kome je
srednji baden predstavljen navedenom zonom. Do sada je na podruéju Ugljevika srednji baden izdvajan na osnovu zone
S. carinatus (Pezelj et al., 2013) koja je ras¢lanjavana na podzone B. elongata i U. bononiensis compressa (Petrovié¢ et
al.,1969 1 1990; Vrabac & Mihajlovi¢, 1990).

Srednji baden je predstavljen sivim laporcima koji su mjestimi¢no laminirani, i litotamnijskim kreénjacima u
kojima su nadeni korali. U sivim laporcima definisan je 8koljkas Neopycnodonte navicularis (BROCCHI). Padni uglovi
slojeva su oko 10 stepeni.

Sa dubine 124,7 m potice uzorak sivog laporca u kojem su esto zastupljeni fragmenti ljustura mekugaca. U
Slemovanom materijalu pronadeni su fragmenti bodlji ehinida i vrlo rijetke spikule silicispongija. Foraminifere su
relativno rijetko zastupljene sa izrazitom dominacijom bentoskih formi medu kojima vodece udeiée imaju
Asterigerinata 1 Cibicidoides. Odredene su sljedece foraminifere (sl. 9): Asterigerinata planorbis (d' ORBIGNY),
Cibicidoides ungerianus ungerianus (4’ ORBIGNY), Bolivina dilatata maxima CICHA & ZAPLETALOVA, Pappina
parkeri (KARRER), Spirorutilus carinatus (d' ORBIGNY), Orbulina suturalis BRONNIMANN, Globigerinoides
trilobus (REUSS), Globigerina bulloides (d' ORBIGNY), Globoquadrina altispira (CUSHMAN & JARVIS), Nonion
commune (d' ORBIGNY), Lenticulina inornata (d" ORBIGNY), Melonis pompilioides (FICHTEL & MOLL),
Amphistegina mammilla (FICHTEL & MOLL) i Bulimina sp..

Stika 9. Asocijacija foraminifera iz srednjebadenske zone Asterigerinata planorbis i Cibicidoides ungerianus ungerianus
(uzorak sa dubine 124,7 m)
|

!
\

2.3. Gornji baden \

U profilu bulotine KR-5 gornji baden je dokazan foraminiferskim zonama Bolivina dilatata maxima i Ammonia
viennensis. Ovo je takode prvi profil na podruéju Ugljevika na kome je gornji baden predstavljen navedenim zonama.
Gomji baden je na drugim profilima izdvajan na osnovu zone Elphidium crispum {Petrovié et al., 1990) ili Bulimina —
Bolivina zone i Elphidium crispum zone (Savic et al., 2005). U Tuzlanskom bazenu gomji baden je takode predstavljen
zonama Bolivina dilatata maxima i Ammonia viennensis (Petrovi¢ et al., 1990; Vrabac, 1999; Corié et al., 2007).

Zona Bolivina dilatata maxima definisana je na osnovu uzoraka sa dubine: 115,5m, 108,5mi99,1 m. U donjem
dijelu ove zone nalaze se sivi, masivni laporci, dok u gornjem dijelu dominiraju laminirani laporci. U sredi§njem dijelu
navedene zone na dubini 105,0-105,6 m zastupljen je kreénjak.

U sivom laporcu sa dubine 115,5 m makroskopski su uoceni fragmenti ljuitura mekusaca. Slemovani materijal
sadrZi veoma rijetke Cetveroosne spikule silicispongija. Foraminifere su relativno &esto zastupljene sa dominacijom
podvrste Bolivina dilatata maxima CICHA & ZAPLETALOVA. Odredene su sljedeée foraminifere (sl. 10): Bolivina
dilatata maxima CICHA & ZAPLETALOVA, Pappina parkeri (KARRER), Lenticulina inornata (d' ORBIGNY),
Asterigerinata planorbis (d' ORBIGNY), Globigerina bulloides d’ ORBIGNY, Globigerinoides trilobus (REUSS),
Orbulina suturalis BRONNIMANN, Cibicidoides ungerianus ungerianus (d'-ORBIGNY), Nonion commune (d’
ORBIGNY), Uvigerina sp., Bulimina sp., Elphidium sp., Neugeborina longiscatad’ ORBIGNY), Plectofrondicularia
sp., Marginulina sp., Fursenkoina acuta (d' ORBIGNY) i Stilostomella sp..
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Slika 10. Asocijacija foraminifera iz gornjebadenske zone Bolivina dilatata maxima (uzorak sa dubine 115,5 m)

Uzorak laporca sa dubine 108,5 m sadrZi rijetke fragmente bodlji ehinida, krljusti riba, spikula silicispongija i
kapke ostrakoda. Foraminifere su relativno rijetko zastupljene a medu njima dominira Bolivina. Definisane su sljedece
vrste (sl. 11): Bolivina dilatata maxima CICHA & ZAPLETALOVA, Asterigerinata planorbis (d’ ORBIGNY),

Cibicidoides ungerianus ungerianus (d' ORBIGNY), Velapertina indigena (LUCKOWSKA), Globigerinoides trilobus
(REUSS), Uvigerina semiornata d' ORBIGNY, Uvigerina sp., Elphidium sp. i Bulimina sp..

Stika 11. Asocijacija foraminifera iz gornjebadenske zone Bolivina dilatata maxima (uzorak sa dubine 108,5 m)

Laporac sa dubine 99,1 m na duZini jezgra 6 cm nema slojnih povriina. Sadrzi Ceste fragmente ljuStura
mekusaca. U Slemovanom materijalu odredene su jednoosne i €etveroosne spikule silicispongija. Foraminifere su &esto
zastupljene sa dominacijom roda Bolivina. Odredene su sljedece foraminifere (sl 12): Bolivina dilatata maxima CICHA

& ZAPLETALOVA, Bulimina elongata elongata CICHA & ZAPLETALOVA, Globigerina bulloides ' ORBIGNY i
Ammonia viennensis (d' ORBIGNY).

Slika 12. Asocijacija foraminifera iz gornjebadenske zone Bolivina dilatata maxima (uzorak sa dubine 99,1 m)
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Zona Ammonia viennensis odredena je na osnovu foraminifera iz uzoraka sa dubime: 89,5 m, 78,7 m1 69,7 m.
Donji dio ove zone predstavljen je laminiranim, sivim i svijetlosivim laporcima u kojima je u intervalu 85.9-86,8 m
zastupljen svijetlosivi kalkarenit. Gornji dio zone ¢ine razli¢iti kreénjaci. U laminiranim laporcima su na 75,8 m 1 91,2
m izmjereni padni uglovi lamina 5 stepeni.

Sivi, laminirani laporac sa dubine 89,5 m sadrzi fragmente ugljenificiranog bilja i krljust rnba.
Mikropaleontoloskim istraZivanjem odredene su relativno ceste jednoosne i ¢etveroosne spikule silicispongija, kapci
ostrakoda i fragmenti bodlji ehinida. Foraminifere su rijetko zastupljene i predstavljene su iskljucivo bentoskim
formama (sl. 13): Ammonia viennensis (d' ORBIGNY), Bolivina dilatata maxima CICHA & ZAPLETALOVA,
Cibicidoides sp. 1 Elphidium sp..

Slika 13. Asocijacija foraminifera iz gornjebadenske zone Ammonia viennensis (uzorak sa dubine 89,5 m)

Uzorak sivog, laminiranog laporca sa dubine 78,7 m karakteride se sivim i svijetlosivim laminama debljine 1-3
mm. Mikroskopski su u njima definisane vrlo &este jednoosne i Cetveroosne spikule silicispongija, ostrakodi, fragmenti
bodlji ehinida i krljusti riba. Foraminifere su rijetko zastupljene sa izrazitom dominacijom bentoskih formi. Odredene su
sliede¢e foraminifere (sl. 14): Ammonia viennensis (d' ORBIGNY), Bolivina dilatata maxima CICHA &
ZAPLETALOVA, Bulimina elongata elongata d' ORBIGNY, Globigerina bulloides d' ORBIGNY, Elphidium
aculeatum (d' ORBIGNY) i Asterigerinata planorbis (d' ORBIGNY).

Slika 14. Asocijacija foraminifera iz gornjebadenske zone Ammonia viennensis (uzorak sa dubine 78,7 m)

Na 69,7 m zastupljen je laminirani laporac sa sivim i svijetlosivim laminama debljine 1-3 mm. U njemu su
prisutni milimetarski fragmenti ugljenificiranog bilja. Mikroskopski su konstatovane brojne jednoosne i Cetveroosne
spikule silicispongija, bodlje ehinida, ostrakodi i fragmenti krljusti riba. Foraminifere su rijetko zastupljene i
predstavljene su bentoskim formama (sl. 15): Ammonia viennensis (d' ORBIGNY), Bulimina elongata elongata d'
ORBIGNY, Bulimina sp., Elphidium sp. i Nonion commune (d' ORBIGNY).

Slika 15. Asocijacija foraminifera iz gornjebadenske zone Ammonia viennensis (uzorak sa dubine 69,7 m)
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Uzorak sa 64,2 m predstavlja sivi do svijetlosivi kaliarenit sa jednim unutrainjim otiskom kapka skoljkasa
Lucinoma cf. borealis (LINNE) (sl. 16). DuzZina L visina kapka 1= oko 2.5 cm.

: . :‘)--."'
Slika 16. Lucinoma cf. borealis (LINNE) u gornjebadenskom kalkarenitu (uzorak sa dubine 64.2 m)

Sa dubine 61,6 m je uzorak svijetlosivog, litotamnijskog kreénjaka u kome je naden jedan fragment kapka
Flabellipecten cf. besseri (ANDRZEJOWSKY). U svijetlosivom do Zuckastom, /itotamnijskom kreénjaku sa dubine
47,6 m prisutan je fragment kapka Ostrea sp..

Gornjebadenske kre¢njake podru¢ja Ugljevika istraZivao je Rundi¢ (1994) i definisao biosparite i biomikrite u
kojima je odredio: alge, Borelis sp., Elphidium sp., ostreje i kardide.

2.4. Donji sarmat

U profilu buSotine KR-5 donji sarmat je najvjerovatnije konkordantan na gomjem badenu. Snimajuéi profile
kre¢njaka na brdu Prokos, Vugjak i Baljak, Miljus (1961) i Cigi¢ (1964) isticu da su preko badenskih krecnjaka
konkordantno zastupljeni banci laporovitih kre¢njaka donjeg sarmata. Prelaz iz badena u sarmat, po njihovom misljenju,
je sasvim postupan, tako da se kre¢njaci jednog i drugog kata po izgledu skoro ne razlikuju, izuzev kada sadrze
karakteristicnu makrofaunu. Medutim, treba ista¢i da se oko 400 m juZno od istraZivanog profila busotine KR-5
sedimenti donjeg sarmata nalaze diskordantno na gornjem badenu. Profil Spasine na kome je dokazan diskordantan
odnos katova srednjeg miocena je detaljno istraZen a rezultati ovih istraZivanja biti ¢e objavljeni u posebnom radu.
Diskordancija na profilu Spasine uzrokovana je blizinom obale Centralnog Paratetisa. Zbog toga $to se lokacija profila
KR-5, tokom srednjeg miocena, nalazila dalje od obale nego lokacija profila Spasine, logi¢no je da odnos badena i
sarmata na profilu KR-5 bude konkordantan. Diskordantan odnos badena i sarmata, na profilu snimljenom na sjevernim
etazama povrSinskog kopa Bogutovo Selom, konstatovali su Vrabac & Mihajlovié (1990).

Principom superpozicije laminirane, Zuckaste gline (identi¢ne gline su zastupljene u osnovi donjeg sarmata na
profilu Spasine) i oko 5 m najstarijih kre¢njaka, mogu se stratigrafski izdvojiti kao stariji dio donjeg sarmata odnosno
Mohrensternia slojevi. Mladi dio donjeg sarmata u intervalu 20,3-35,1 m dokazan je mekuscima (sl. 17). Polititapes cf.
tricuspis (EICHWALD), Obsoletiforma obsoleta cf vindobonensis (LASKAREV), Cardiidae, Modiolus sp.,
Granulolabium sp., Gibbula cf. picta (EICHWALD) i Hydrobia sp.. Ovakva asocijacija mekuSaca na prostoru sjeverne
Bosne i Hercegovine karakteristicna je za Ervilia slojeve (Sokli¢ & Vrabac, 1995). IstraZujuéi sarmat okoline Ugljevika
Petrovi¢ et al. (1969) su istakli da se Ervilia slojevi nisu mogli podijeliti na donje i gornje.

Slika 17. Donjesarmatski mekusci u kreénjaku iz Ervilia slojeva (uzorak sa dubine 35,1 m)
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Donjesarmatski mekusci su ofuvani iskljudivo u vidu otisaka kapaka i kalupa, dok su u kre¢njacima gornjeg
badena uglavnom oc¢uvani kapci mekusaca. ;

Zuékasti, oolitiéni kalkarenit sa dubine 17, 6 m sadrZi rijetke ostrakode i bentoske foraminifere (sl. 18):
Elphidium hauerinum (d' ORBIGNY), Elphidium sp., Anomalinoides dividens (d' ORBIGNY), Quingueloculina sp. i
Dentalina cf. haueri ' ORBIGNY. Ova asocijacija foraminifera moze se svrstati u zonu Elphidium hauerinum koja u
Centralnom Paratetisu odgovara donjim Ervilia slojevima (Mandic et al. 2002).

Slika 18. Asocijacija foraminifera iz Ervilia slojeva donjeg sarmata (uzorak sa dubine 17,6 m)

3. UVJETI SEDIMENTACIJE TOKOM BADENA I DONJEG SARMATA

Transgresija Paratetisa na podru¢ju sjeverne Bosne i Hercegovine bila je po¢etkom donjeg badena (Cori¢ et al.,
2009). S obzirom da je istrazivani profil lociran u priobalskom podru¢ju Centralnog Paratetisa ovdje je esto dolazilo do
promjena sedimentacionih uvjeta uzrokovanih regionalnim promjenama nivoa mora (Régl 1999; Kovaé et al.,, 2007;
Holcova, 2008).

U badenu, nakon transgresije Paratetisa na ovom lokalitetu Ugljevika taloZenje sedimenata vr3i se u sublitoralu.
Na osnovu litolokih i paleontoloSkih karakteristika sedimenata moZe se reci da je ovdje tokom badena more imalo
trend oplicavanja sli¢no uvjetima koji su konstatovani u dijelu Beckog bazena na profilu busotine Baden —Sooss (Baldi
& Hohenegger, 2008). Na opli¢avanje ukazuju proslojci litotamnijskih kre¢njaka i paketi laminiranih laporaca, koji su
taloZeni na dubinama manjim od 50 m odnosno u infralitoralu. Na lagunske uvjete sedimentacije laminiranih laporaca
badena Bogutovog Sela ukazuju Savi¢ et al. (2005). Masivni laporci donjeg badena sa pteropodima, Pinna,
Pseudamussium sp., Neopycnodonte navicularis i dr., taloZeni su u cirkalitoralu odnosno na dubinama 50-200 m. Na
regionalni pad nivoa vode Centralnog Paratetisa tokom srednjeg badena ukazuju Kova¢ et al. (2007). Na istrazivanom
profilu buSotine KR-5 srednji baden je predstavljen zonom Asterigerinata planorbis 1 Cibicidoides ungerianus
ungerianus. Ova asocijacija foraminifera je karakteristiCna za izrazito oksidacionu zonu unutra$njeg selfa i dubinu oko
35 m (Pezelj et al., 2013). U gornjem badenu sedimenti mladeg dijela zone Bolivina dilatata maxima i sedimenti
kompletne zone Ammonia viennensis, talozeni su u infralitoralu. O tome svjedoce kako litoloske karakteristike
sedimenata tako i fosili (Lithothamnium, Ammonia, Ostrea, Ceste jednoosne i ¢etveroosne silikatne spikule spongija,
itd.). Normalan salinitet morske vode bio je vjerovatno tokom cijelog badena na §ta ukazuju ostaci stenohalinskih
organizama kao 3to su ehinidi. Fragmenti bodlji ehinida pronadeni su u skoro svim mikropaleontoloskim uzorcima iz
donjeg, srednjeg i gornjeg badena. Toploljubive foraminifere kao §to su Globigerinoides i Orbulina indiciraju tropske
do suptropske uvjete (Rupp & Hohenegger, 2008).

Tokom sarmata usljed izolacije Centralnog Paratetisa dolazi do znatnog osiromaSenja organskog svijeta
(Holcova, 2008). Sto se ti¢e dubine u podrudju istrazivanog profila KR-S ona je ostala u okvirima infralitorala o ¢emu
svjedo¢i kontinuitet taloZemja kreénjaka iz zavrinog dijela gornjeg badena u donji sarmat. Zanimljivo je da u
sarmatskim kre¢njacima silikatne spikule spongija nisu nadene $to je vjerovatno posljedica pada saliniteta morske vode
u sarmafu.

4, ZAKLJUCAK

U profilu istrazne buSotine KR-5 kod Ugljevika na osnovu foraminifera 1 mekusaca definisani su sedimenti
badena i donjeg sarmata. Baden je na osnovu foraminifera ras¢lanjen na: donji, srednji i gornji. Donji baden mma
debljinu oko 70 m 1 predstavljen je zonom Globigerinoides trilobus 1 Orbulina suturalis. U donjem badenu dominiraju
masivii laporci sa podredemim uceicem litotamnijskih krec¢njaka 1 lamuiniranih laporaca. Srednji baden je dokazan
zonom Asterigerinata planorbis 1 Cibicidoides ungerianuy ungerianus. Debljina mu je oko 10 m a u njemu su
zastupljeni kreénjaci i laporci. Gomyi baden je podjeljen na zonu Bolivina dilatata maxima i zonu Ammaonia viennensis.
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Identi¢na podjela donjeg i gornjez ~2icna na foraminiferske zone izvriena je i u Tuzlanskom bazenu. Debljina gornjeg
badena je oko 80 m. Sedimentc zormiez badena €ine masivni i laminirani laporci kao i krecnjaci koji predstavljaju
zavréni litoloski €lan badena. Doyt sarmat predstavljaju kreénjaci koji su na osnovu makrofaune definisani kao Ervilia
slojevi. Na osnovu superpozici = i korelacije sa susjednim profilima, najstariji dio sarmata (laminirane gline i kre¢njaci)
moZe se svrstati u Mohrensterniz slojeve. Debljina donjeg sarmata je oko 40 m.

TaloZenje sedimenatz israZivanog profila vrSeno je u priobalskim uvjetima Centralnog Paratetisa uz Ceste
oscilacije nivoa mora. Masivni laporci donjeg badena taloZeni su u okviru cirkalitorala odnosno na dubinama 50-200 m,’
dok su laminirani laporci badena, laminirane gline sarmata 1 kre¢njaci badena i sarmata taloZeni na dubinama manjim
od 50 m odnosno u infralitoralu.

Veliko prisustvo silikamih spikula spongija u klasu¢nim kre¢njacima gornjeg badena negativno ce se odraziti na
njihovu primjenu u Termoelektarani Ugljevik jer su za odsumporavanje dimnih gasova pogodni oni kre¢njaci koji
sadrZe manje od 3 % silicijuma. Stoga ¢e prednost za navedenu svrhu imati lirotamnijski kre¢njaci badena i kre¢njaci
sarmata u kojima nema silikatnih spikula spongija.

CONCLUSION

In the cross section of the borehole KR-3 near Ugljevik on the basis foraminifera and molluscs sediments of the
Badenian and the Lower Sarmatian have been defined. On the basis of foraminifera the Badenian has been divided on
the: Lower Badenian, Middle Badenian and Upper Badenian. The Lower Badenian has thickness of about 70 m and is
represented by the Globigerinoides trilobus and Orbulina suturalis Zone. In the Lower Badenian massive marls, and
Lithothamnium limestones are dominated whereas laminated marls have less participation. The Middle Badenian is
determinated by the presence of Asterigerinata planorbis and Cibicidoides ungerianus ungerianus Zone. Its thickness is
about 10 m. The Middle Badenian is represented by limestones and marls. The Upper Badenian is divided into the
Bolivina dilatata maxima Zone in the lower part and the Ammonia viennensis Zone in the upper part. Identical division
of the Lower Badenian and the Upper Badenian on foraminiferal zones have been done in the Tuzla besen. The
thickness of the Upper Badenian is about 80 m. Sediments of the Upper Badenian comprise massive marls, and
laminated marls, superposed by limestones marking the topmost Badenian interval. The Lower Sarmatian is consisting
of limestones which are determinated on the basis of macrofauna as Ervilia beds. Basis on superposition and correlation
with neighboring outcrops, the oldest part of the Lower Sarmatian (laminated clays and limestones) can be atributed to
the Mohrensternia beds. The thickness of the Lower Sarmatian is about 40 m.

Deposition of the investigated sediments was in the coastal area of the Central Paratethys with often oscilations
of the sea level. Massive marls of the Lower Badenian were deposited in the circalittoral on depths 50-200 m, and
laminated marls of the Badenian, laminated clays of the Sarmatian, as well as the limestones of the Badenian and the
Sarmatian, were deposited on depths less than 50 m that is infralittoral.

Big presence silicious spicules of Spongiae in clastic limestones of the Upper Badenian is their negative
characteristic for desulphurisation of flue gases in the Thermoelectrane Ugljevik. For desulphurisation of flue gases are
suitable limestones which contains less than 3 % silicium. Because of that priority for mentioned implementation will
be have lithothamnium limestones of the Badenian and limestones of the Sarmatian which don't contains silicious
spicules of Spongiae.
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