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Ratomir Popovi¢”, Milenko Ljubojev’, Dragan Ignjatovi¢”, Lidija Purdevac - Ignjatovié”

MEHANIZAM DEFORMISANJA STENSKOG MASIVA OKO
TUNELA KRUZNOG POPRECNOG PRESEKA NA TRASI
,, KRIVELJSKA REKA“ IZGRADENOG U JEDNORODNOJ
IZOTROPNOJ STENSKOJ MASI™

Izvod

U radu su prikazani naponi u plasticnoj zoni prostorije kruznog poprecnog preseka izgradenoj
u jednorodnoj izotropnoj stenskoj masi. Takode je odredena velicina zone RT u kojoj se formiraju
mikropukotine oko podzemne prostorije. Ta zona je odredena u zavisnosti od velic¢ine otpora
podgrade i primenjenog reoloskog modela analizirane stenske mase.

Kljuéne reci: jednorodna izotropna stensa masa, naponsko-deformacijsko stanje stenske mase

UVOD

Pri reSavanju problema stabilnosti
podzemnih prostorija polazi se od dva
osnovna stava:

- nacina na koji dolazi do izmene pri-
rodnog naponskog stanja stenskog ma-
siva uzrokovanog izradom podzemne
prostorije

- kako reaguju doti¢ne stene na te
izmene.

Predmet geomehanike je da ukaze na
uzajamne veze ukoliko su osnovne defor-
macije stenske mase izazvane preraspo-
delom naponskog stanja, $to u odredenom
broju dovodi do njihovog progresivnijeg
deformisanja.

x
Institut za rudarstvo i metalurgiju Bor

Teoretske postavke se baziraju u
sadasnje vreme na primeni stenskog modela
oko podzemne prostorije sa nekoliko
rasporedenih zona sa razli¢itim mehanicko-
deformabilnim karakteristikama. Pri ovome,
osnovni problem pri izvodenju analitiCkog
reSenja za odredivanje stabilnosti i veliCine
deformacija konture podzemne prostorije je
u iznalaZzenju metode prognoziranja, koja
uzima u obzir najoptimalnije karakteristike
dubokih horizonata za proces rusenja stena
oko podzemne prostorije. To je vezano s tim
§to klasi¢na reSenja zasnovana na elasto-
plasticnom zadatku daju deformacije kon-
ture prostorije bliske fakticnim (izmerenim)

. Ovaj rad je proistekao iz Projekta broj 33021 , Istrazivanje i pracenje promena naponsko
deformacionog stanja u stenskom masivu* in-situ“ oko podzemnih prostorija sa izradom modela
sa posebnim osvrtom na tunel Kriveljske reke i Jame Bor“, koga finansira Ministarstvo za

prosvetu i nauku Republike Srbije
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samo pri mehanickim parametrima znatno
manjim od onih dobijenih ispitivanjem na
uzorcima.

Za eliminisanje te protivrecnosti ukljucuje
se koeficijent oslabljenja stenske mase.
Razlike, koje se najupecatljivije uocavaju u
neslaganju rezultata, vezane su za razliciti
prilaz dozvoljenoj Cvrstoci stena konture
poprecnog preseka podzemne prostorije u
zoni neelasticnih deformacija. Uvodenje
dozvoljene cvrstoce, vezano je za rasi-
renost uslova C¢vrstoée  Kulon-Mora
ostvarujuéi pri prelazu stena u grani¢no
stanje na slucaj zagrani¢nih deformacija.
Aproksimacija funkcije sniZenja Cvrstoce
karakteristiénim  razli¢itim  analiti¢kim
funkcijama ne daje zadovoljavajuéi rezu-
Itat, a da istovremeno zadovolji opis datog
eksperimenta. Prihvatljiviji

pristup resenja datog zadatka, uzimajuéi u
obzir zonu uticajnog rusenja i ispucalost
stena oko prostorije, neophodno je u
svakom konkretnom slucaju povecati broj
uzoraka stena za ispitivanje, $to se pra-
kti¢no ne realizuje u stadijumu prognoze.

Naznacene protivrecnosti uslovljene su

isklju¢ivo slozenoScéu istrazivanog objekta.
Oblast oko prostorije u principu je isprese-
cana sistemom pukotina. Na taj na¢in, zona
neelasticnih deformacija predstavljena stena-
ma, izdeljena je pukotinama i blokovima. Pri
sastavljanju jednacina kontinuma za takvu
sredinu, obi¢no sastavljamo jednaline za
fenomenologi¢nu sredinu sa parametrima
zapremine AV, ili formiramo te jednacine sa
pocetnom razmerom, koja malo reprezen-
tatuje razmeru mikrostrukture, a uprosecuje
je po zapremini.

- U prvom slucaju, uprosecenost (osred-
njavanje) se sprovodi u odsustvu
moguénosti  stvarnog  utvrdivanja
specijalnih reoloskih opita za for-
miranje sistema jednacina koje formu-
liSu zakonitost stenske mase u celini.

- U drugom sluc¢aju, oblik formiranih
jednacina, a ponekad i konkretne
vrednosti reoloskih parametara, odre-
deni su teoretski.

Razmatrajuéi proces defomisanja zone
neelasticnih ~ deformacija,  koja  je
obrazovana oko podzemne prostorije; u
procesu obrazovanja te zone, stenska masa
je izdeljena sistemom pukotina na blokove.
Pri tom, bez obzira na to §to zona stenske
mase oko prostorije dobija nepovratne
(neelasticne) deformacije, a svaki od
blokova podc¢injava se zakonu elasti¢nih
deformacija. To se potvrduje faktom da
uzorak stene izvaden iz zone neelasti¢nih
deformacija pri ispitivanju ponasa se kao
elasticno telo. Uocena osobenost daje
mogucénost predstaviti zonu neelasti¢nih
deformacija kao sredinu koja je u stanju
elasticnog stanja sa mikrostrukturom.
Mikrostruktura je odredena (definisana)
poéetnom mikroispucalo$éu stena. Ako
izdelimo celokupnu stensku masu na
zapreminu i izjedna¢imo po razmeri sa
mikroispucalo$¢u, tada mozemo uzeti u
obzir ranije reCeno, da ta izdvojena
zapremina se ponasa po zakonu teorije
elasti¢nosti.

1. NAPONSKO-DEFORMACIJSKO
STANJE STENSKE MASE OKO
PODZEMNE PROSTORIJE

1.1. Naponsko stanje stenske mase oko
podzemne prostorije

Izvedena podzemna rudarska prosto-
rija na znatnoj dubini gde je H vise puta
veée od poluprecnika prostorije R,. To je
osnovna pretpostavka da su stene na
konturi podzemne prostorije u plasticnom
stanju. Polaze¢i od navedene pretpostavke
i usvajajuci uslov ¢vrstoca Kulon-Mora i
kriterijum ruSenja Grifits-a, polazni sistem
jednacina je sledeéi:

Broj 2,2012.
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g -0, =sin(cy + o, +Kctgp) (1)

(0,-03)* +80.(01+03)=0  (2)

o, — otpornost stene sa mikropukotinama
na zatezanje

Naglasavamo da dati model omogu-
¢ava sprovesti razmisljanja (rasudivanja)
bez ogranicenja za bilo koji uslov
plasti¢nosti 1 kriterijum rusenja.

1.1.1. Zona neelasti¢nih deformacija

Saglasno odredenim resenjima, naponi
u plasti¢noj zoni imaju oblik:
o, =(P+K-cigp)-r> —K -cigp
o9 =(P+K - ctgp)a+1)-r* —K -ctgp; (3)
o= 0

gde je:
_ 2sing
1-sing
P — otpor luéne podgrade

Razmatrajuéi sada malu elasticnu zapre-
minu u plasticnoj zoni sa mikropukotinama i
uvrstavanjem izraza (3) u (2), dobija se
uslov rasta mikropukotina u slucaju izrade
kruZne podzemne prostorije.

(P+K -ctgp) a2 - r2® +8c, -

4
'[(P+Koctg¢))(a+2)'r2 —K -ctgp|=0 @

Resenjem izraza (4) po r* dobije se:

4 ofa+2) J_r\/ Aa+2?+K-o.-detgp 2

ra =
(P+Kctg(p)

®)

Sada se mora pronaci veza izmedu K i
o,. Stena sa mikropukotinama moze se u
celini razmatrati kao ravnijsko telo sa
grani¢nom C¢vrsto¢om na zatezanje

- 0y, pretstavlja teoretsku vrstocu

- a , koeficijent elipsastog defekta
Koriste¢i uslov ¢vrsto¢e Kulon-Mora,

lako je dobiti vezu 0'?/[ =2-0,

K:_Uz(l+smgo) ©)
cos @

Uvrstavajuci (6) u (5) i vrSe¢i zamenu

P ..
P, =—, dobije se
o]
7 _ 1+ /1=sin (1 + sin @)

= (I=sing
B -sin® @ + sin (1 + sin @) ( )
(7

Izraz (7) daje dimenzije zone Rt u
kojoj po€inju rast mikropukotine.

Moramo naglasiti da pri realnom
otporu podgrade, radijus zone ispucalosti
nastaje pri izradi prostorije i ne zavisi od
mehanickih karakteristika okolnih stena.
Odlucujuéi faktor je samo ugao unutra-
Snjeg trenja. Na sl. 1 graficki je prikazana
izmena zone ispucalosti u zavisnosti od
ugla unutraznjeg trenja.
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Zona ispucalosti Ry
— —_
L [ h
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15 20

25 30 35

Ugao unutragnjeg trenja »°

SL. 1. Grafik izmene zone ispucalosti u zavisnosti od ugla unutrasnjeg trenja po
Semjakin-u

Veli¢ina ugla unutrasnjeg trenja zavisi
od mnogo faktora. U prvom sluc¢aju od

hrapavosti povrs$i klizanja 1 oblika
kontakta.
Drugi znacajan uticajni faktor je

karakteristika kontakta debljih slojeva.
Tre¢i uticajni faktor na veli¢inu ugla
unutras$njeg trenja je taj, Sto je realna
zakonitost ¢vrstoce krivolinijski grafik, te
i sam ugao smicanja 1 moguéem
dijapazonu izmene napona, menja se od
20 do 40°. Uopsteno, moze se reéi da je
ugao unutra$njeg trenja rasporeden po
celoj graninoj zoni 1 menja se u
dijapazonu od 20 do 30°. Imajuéi u vidu
navedeno, bilo bi svrsishodno odrediti
dimenzije oblasti ispucalosti realnog
stenskog masiva 1 izdeliti ga po uglu o.
Usvajaju¢i  pretpostavku  ravnomerno
rasporedenu ispucalost, dobi¢e se prividni
radijus ispucalosti rr, koji predstavlja

odnos radijusa zone ispucalosti prema
radijusu podzemne prostorije.

1
r=—— ] r(p)de ®)
P2 =0

r(¢) se nalazi iz izraza (7).

ReSenjem izraza (8) za podzemnu
prostoriju kruznog poprecnog preseka
iznosi

rr =25 )

Naglasavamo da se zona intenzivne
ispucalosti razvija pri R > Ry, tj. javlja se
jedna od varijanti zonalne dezintegracije
stenske mase oko podzemne prostorije.

U tabeli br. 1 prokazani su osnovni
fizicko-mehanicki 1 deformacioni pa-
rametri peScara u kojem je izgraden tunel
“Kriveljska reka”.
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Tabela 1.

Zaprve'mmska Jednoosna Ugao Tangentni .
teZina u . . . Koeficijent
. otpornost na Kohezija unutrasnjeg modul .
prirodnom o . o . Poisson-a
staniu pritisak ¢ [MPa] trenja elasti¢nosti v
. [kN;'m3] o, [MPa] 0° E, [MPa]
25,20 14,0 4,0 30° 2360 0,35

h = 140,0 [m], maksimalna dubina
stropa tunela

d = 0,30 [m], debljina betonske obloge
Ey =1-10* [MPa], modul elasti¢nosti
betona
r = 1,8 [m], polupre¢nik
nepodgradenog tunela
Koriste¢i izraze (3) i (7) izraCunate su
vrednosti radijalnih i smi¢u¢ih napona u

plasti¢noj zoni i veli¢ina zone ispucalosti
oko tunela.

Koriste¢i vrednosti otpora podgrade iz
radova [4] 1 [5], za razliCite reoloske
modele

P =0,7 [MPa], model Payting-

Thomson-ov i Kelvin-Voigt

P = 3,53 [MPa], model Maxwel-ov
a=2; o, =25,0 [MPa]

Tabela 2.
Reoloski model stenske mase oy [MPa] o, [MPa] R¢ [m]
Payting-Thomson i Kelvin-Voigt 27,26 17,79 2,46
Maxwel 94,76 26,96 1,10

ZAKLJUCNA RAZMATRANJA

—Zona intenzivne ispucalosti pescara
tunela ,,Kriveljska reka“ se krece od
1,10 [m] do 2,46 [m], u zavisnosti od
reoloskog modela i1 ugla unutrasnjeg
trenja.

—Prema zavisnosti na sl. 1, moguce je
utvrditi dva grani¢na stanja:

b) u veoma plastiénim stenama 1 pri
uglu unutrasnjeg trenja ¢ < 17°,
obrazovanje dezintegracione zone,
prakti¢no je nemoguce.

—Uopsteno se moze re¢i da je ugao
unutrasnjeg trenja rasporeden po
celoj grani¢noj zoni i menja se u

a) dezintegraciona zona se ne obrazuje dijapazonu od 20 do 30°.
pri uglu unutrasnjeg trenja ¢ > 37°
Broj 2,2012. 5 RUDARSKI RADOVI
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Abstract

This paper presents the stresses in the plastic zone circular cross-section room, built in the ho-
mogenous isotropic rock mass. The size of the zone RT was also determined where the micro
cracks are formed around the underground room. This zone is determined depending on the size of
the support resistance and applied rheological model of the analyzed rock mass.

Keywords: homogeneous isotropic rock mass, stress-strain state of rock mass

INTRODUCTION

To solve the problem of stability the
underground rooms, it is started from two
basic attitudes:

- the way in which there are changes in
natural stress state of the rock mass
caused by the construction the
underground room,

- the reaction of respective rock mass
to those changes.

The subject of geomechanics is to
show the mutual connections if the basic
rock mass deformations are caused by
redistribution of stress state, which in the

certain number results to their progressive
deformation.

Theoretical foundations are based
nowadays on the use of rock model around
the underground room with several distrib-
uted zones with different mechanical-
deformable characteristics. In this, the main
problem in performing the analytical solu-
tion for determining the stability and size of
deformation the contour of underground
room is in finding out a method of forecast-
ing, which takes into account the most op-
timum characteristics of deep horizons in
the process of rocks destruction around the

* Mining and Metallurgy Institute Bor, 35 Zeleni bulevar, 19210 Bor

' This paper is produced from the project no. 33021 “Researching and monitoring changes in
stress-deformation condition of rock massif “in-situ” around undergraund facilities with devel-
opment of model with special emphasis on Krivelj river tunnel and Bor pit”, which is funded by
means of the Ministry of Education and Science of the Republic of Serbia
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underground room. This is connected with
the fact that the classical solutions, based
on the elastoplastic task, give deforma-
tions of the room contours close to the
factual (measured) ones only in the me-
chanical parameters significantly lower
than those obtained by testing the samples.

To eliminate this contradiction, the coef-
ficient of weakened rock mass is involved.
The differences, which are the most striking,
are observed in noncompliance of the re-
sults, related to the different approach to the
permitted strength of rock of cross section
contour the underground room in the zone of
inelastic deformations. Introduction of the
permitted strength is related to the preva-
lence of the Coulomb-More strength condi-
tions strength in transition of rocks to the
limit state in the case limit deformations.
Approximation of functions for strength
reduction by the characteristic variety of
analytical functions do not give a satisfac-
tory result, and to simultaneously meet the
description of given experiment. More com-
plex approach to the task solution is accept-
able, taking into account the zone of influen-
tial destruction and cracked rocks around the
room; it is necessary in the certain case to
increase the number of rock samples for
testing, which is not practically implemented
in a stage of forecast.

Designated contradictions are exclusively
caused by complexity of investigated object.
Thus, the inelastic deformation zone, repre-
sented by the rocks, is divided by fissures
and blocks. To compose the continuum equa-
tions for such media, usually the equations
are composed for fenomenological environ-
ment with parameters of volume AV, or to
form these equations with the initial ratio,
which little represents the microstructure
ratio and averages it by volume.

- In the first case, the averaging is
performed in the absence of real
possibility to establish the special
rheological experiments for formation
the system of equations that formulate
the lawfulness of rock mass as a whole.

- In the second case, the shape of formed
equations, and sometimes the actual
values of rheological parameters were
theoretically determined.

Considering the deformation process
of inelastic deformation zone, which is
formed around the underground room, in
the formation process of this zone, the
rock mass is divided by a system of cracks
on the blocks. In addition, regardless of
the fact that the zone of rock mass around
the room gets irreversible (inelastic) de-
formations, and each of the blocks is sub-
mitted to the law of elastic deformations.
This is confirmed by the fact that a rock
sample, taken from the inelastic deforma-
tion zone in the test behaves as an elastic
body. The observed characteristic pro-
vides the possibility to introduce the non-
elastic deformation zone as an environ-
ment that is in an elastic state with micro-
structure. Microstructure is determined
(defined) by the initial micro-cracked
rocks. If the entire volume of the rock
mass is divided and scale by ratio with
micro-cracked rock, then the above can be
taken into consideration and that this sepa-
rated volume behaves according to the law
of the elasticity theory.

1. STRESS-DEFORMATION STATE
OF THE ROCK MASS AROUND
THE UNDERGROUND ROOM

1.1. Stress state of the rock mass around
the underground room

The constructed underground mining
room is at a considerable depth, where H
is several times higher than the room ra-
dius R,. This is the basic assumption that
the rocks on the underground room con-
tours are in a plastic state. Starting from
these assumptions and by adopting the
strength condition of the Coulomb-More
and breaking criterion of the Grifits, the
starting system of equations is as follows:
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g -0, =sin(cy + o, +Kctgp) (1)

(01-03) +80. (01 +03)=0 ()
o, — tensile strength of rocks with
micro cracks

It is emphasized that the given model
enables implementation of reasoning
without limitation for any of the plasticity
condition and destruction criteria.

1.1.1. Zone of inelastic deformations

In accordance with the certain solu-
tions, stresses in the plastic zone have the
form:

o, =(P+K-cigp)-r> —K -ctgp
o9 =(P+K ctgp)a+1)-r* —K -ctgp; (3)
TVHZO

where:

o= 2511.1(/)
l-sing

P — resistance of arched support

Considering now a small elastic vol-
ume in the plastic zone of micro cracks
and inclusion the expression (3) into (2),
the condition of growth the micro cracks
is obtained in the case of making a circu-
lar underground chamber.

(P+K -ctgp) a1 + 80, -

“4)
(P& -ctepha+2)-r> K- erggl=0

By solution the expression (4) per r%
the following is obtained

@y o-z(a+2)i\/022(a+2)2+K-az-azctg(p 2
(P+Kctgp)
O]
Now, a relationship between K and o,
has to be found out. Rocks with micro
cracks can be considered as a whole body
with limit tensile strength.
oM —qg. oy
- 0, , represents the theoretical strength
- a, coefficient of elliptical defect

Using the Coulomb-More strength
condition, it is easy to get a connection

Gﬁ” =2-0,.

K:_az(l+sm(p) ©)
cos @

Incorporating (6) into (5) and perform-

. P
ing the replacement A =— , the fol-
|‘777|
lowing is obtained
7 _ 1+\/i—sm o(1+sin @) (1=sinp)
P, - sin= @+ sin p(1 + sin p)
(7

Expression (7) gives the sizes of the
zone Rt where micro cracks begin to grow.

It should be emphasized that in the real
resistance of roof supports, the radius of
cracking zone occurs in the room con-
struction and does not depend on the me-
chanical characteristics of the surrounding
rocks. Deciding factor is only the angle of
internal friction. Figure 1 graphically
shows a change of cracking zone changes
depending on the angle of internal friction.
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Fig. 1. Graph of a change the cracking zone depending on the angle of
internal friction by Shemyakin

The size of the internal friction angle
depends on many factors. In the first case,
it depends on roughness of the sliding
surface and contact forms.

The second important influencing fac-
tor is the characteristic of contacts the
thick layers.

The third influencing factor on the size
of internal friction angle is that as the law-
fulness of real strength is a curvilinear
plot, and the shear angle and the possible
range of stress changes is changed from
20 to 40°. Generally, it can be said that the
angle of internal friction is distributed
along the whole limit zone and it is
changed within the range of 20 to 30°
Considering this, it would be expedient to
determine the dimensions of the cracking
area of the real rock massive and divide it
by the corner ¢. Adopting the assumption
of evenly distributed cracking, the appar-
ent radius rr of cracking will be obtained,

which is the ratio of the cracking zone
radius to the radius of underground room.

1
rp = Jorr(e)d g )
P2 =P

r(p) is from the expression (7).

Solution of the expression (8) for an
underground room of circular cross-
section is

rr =25 ©)

It is emphasized that the zone of in-
tense cracking develops when R> Ry, i.e.
there is a variant of zonal disintegration of
rock mass around the underground room.

Table 1 shows the basic physical-
mechanical and deformation parameters of
sandstone in which the tunnel “Krivelj
River” was constructed.
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Table 1.

Volume S
. Uniaxial Angle of .
mass in . . . Tangent elas- | The Poisson
resistance to Cohesion internal . .
natural . ticity module | coefficient
pressure ¢ [MPa] friction
state o E, [MPa] v
v [kN /m3] o, [MPa] 0]
25.20 14.0 4.0 30° 2360 0.35

h = 140.0 [m], maximum depth of the
tunnel ceiling

d = 0.30 [m], thickness of concrete
lining

Ey =1-10* [MPa], module of
concrete elasticity

r = 1.8 [m], radius of unsupported
tunnel
Using the expressions (3) and (7), the
values of radial and shear stresses in the

plastic zone size and the size of crack-
ing zone around the tunnel were calcu-
lated.

Using the resistance value of support
from works [4] and [5], for different
rheological models

P = 0.7 [MPa], the Payting-Thomson

and Kelvin-Voigt model

P =3.53 [MPa], the Maxwel model
o=2;0,=25.0 [MPa]

Table 2.
Rheological model Gy G, R;
of rock mass [MPa] [MPa] [m]
Payting-Thomson
And Kelvin-Voigt 27.26 17.79 2.46
Maxwel 94.76 26.96 1.10

FINAL CONSIDERATIONS

The zone of intense cracking of
sandstone of the tunnel "Krivelj
river" ranges from 1.10 [m] to 2.46
[m], depending on the rheological
model and the angle of internal
friction.

According to the dependence in Fig-
ure 1, it is possible to identify two
limit states:

a) disintegration zone is not formed at
the corner of internal friction ¢> 37°,
b) in very plastic rocks and at angle of
internal friction ¢ <17°, formation of
disintegration zone is practically im-

possible,

In general, it can be said that the
angle of internal friction is distributed
across the whole limit zone and it
changes within the range of 20 to 30.
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SIGURNOSNE I DEFORMACIONE KARAKTERISTIKE
ZASIPNIH MATERIJALA U RUDNICIMA™

Izvod

Za postizanje potpunog iskoriscenja lezista, bez osiromasenja rude, uz ocuvanje zemljine
povrsine od deformacija, primenjuju se otkopne metode sa zapunjavanjem otkopanih prostora bez
ostavijanja zastitnih stubova ili sa naknadnim dobijanjem zastitnih stubova. U te svrhe vrsi se
zapunjavanje otkopa zasipom potrebne cvrstocée i deformacionih karakteristika. U daljem tekstu su
razmatrani matematicki modeli za izbor zasipnog materijala u zavisnosti od funkcije koju treba da
ispuni u toku dobijanja rude i po zavrSetku otkopavanja leZista.

Kljucne reci: zapunjavanje otkopa, deformacione karakteristike zasipa, zastita Zivotne sredine

1. UVOD

Za zapunjavanje otkopanih prostora, tode, geometrije i kvaliteta leZista, bira se
zavisno od cilja koji se zeli posti¢i pri- odgovarg_iuél materlja.l Za zapunjavanje 1
menom izabrane varijante otkopne me- tehnologija dopreme i ugradnje u otkope

* Univerzitet u Beogradu, Tehnicki fakultet u Boru, V.J. 12, 19210 Bor, Srbija
Osoba za kontakt: Jovica Sokolovic, Univerzitet u Beogradu, Tehnicki fakultet u Boru
Vojske Jugoslavije 12, 19210, Bor, Srbija
Tel.: +381 30 424 555; Fax: +381 30 421 078.
E-mail: jsokolovic@tf.bor.ac.rs
** U ovom radu su prikazani rezultati projekata TR 33007 , Implementacija savremenijih
tehnicko-tehnoloskih i ekoloskih resenja u postojeé¢im proizvodnim sistemima Rudnika bakra
Bor i Rudnika bakra Majdanpek* i TR 33038 ,, Usavrsavanje tehnologija eksploatacije i pre-
rade rude bakra sa monitoringom Zivotne i radne sredine u RTB Bor Grupa*“ finansiranih od
strane Ministarstva prosvete i nauke Republike Srbije. Autori se zahvaljuju pomenutom Min-
istarstvu na finansijskoj podrsci.
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[1]. Rudarsko geoloski uslovi po-
javljivanja leziSta i njegov kvalitet (vred-
nost rude) i zahtevi za ocuvanjem eko-
loskih faktora podru¢ja utiCu na izbor
nacina otkopavanja, a takode ima izbor
materijala i tehnologiju zapunjavanja ot-
kopa [2]. Dobijanje lezista moze da se vrsi
u slojevima ili etazama, bez ostavljanja
zastitnih stubova ili sa ostavljanjem zastit-
nih stubova od rude i njihovog naknadnog
dobijanja izmedu stubova [3]. Ot-
kopavnjanje lezista sa zapunjavanjem ot-
kopa nekom vrstom zasipa od zasipa moze
da se vrsi slede¢im otkopnim metodama:
1.Etazno otkopavanje hodnicima strmih
rudnih zica i sociva kretanje opreme
pozasipu

2.Jednoslojno ili viSeslojno, panelno, ver-
tikalno ili horizontalno otkopavanje

3.Podetazno otkopavanje sa naknadnim
zapunjavanjem praznih otkopa

4.Komorno stubno otkopavanje lezista sa
i bez ostavljanja plafona

5.Komorno stubno otkopavanje lezista sa
magazioniranjem rude 1 naknadnim
zapunjavanjem otkopa po istakanju
rude i naknadnog dobijanja stubova.

Zapunjavanje otkopa kod nabrojanih ot-

kopnih metoda za Cisto otkopavanje rude u
odredenim uslovima geometrije otkopa, me-
hani¢kih  karakteristika stena  krovine,
zahteva za oCuvanjem zemljine povrsine i
dubine leziSta, moZe da se realizuje pri-
menom zasipnog materijala odgovarajuce
¢vrstoce 1 deformacionih karakteristika i to:
1.Suvog zasipa od lomljenog stenskog
materijala prateCih stena lezista ili do-
premljenog sa zemljine povrsine (sa
dodatkom vezivnog sredstva ili bez do-
datka).

2.Pneumatskog zasipa od drobljenog
stenskog materijala, peska, pepela sa
dodatkom vezivnih sredstava ili injekti-
ranja vezivnim sredstvima ve¢ ugrad-
ene zasipne mase.

3. Hidraulickog zasipa od hidrociklirane
flotacione jalovine, pepela iz ter-
moelektrana ili peskova sa dodatkom
vezivnih materijala ili bez njih.

4.Specijalnog zasipa od ledenih blokova,
ekspondiraju¢ih masa, vode koja se
zamrzava ili kombinovano, izgradnjom
vestackih stubova od kamenih ili
betonskih blokova i zapunjavanjem
praznih prostora izmedu njih flo-
tacionom jalovinom.

2. KOMPRESIONE
KARAKTERISTIKE ZASTPNIH
MATERIJALA U OTKOPIMA

Prema sabijanju i smanjenju zapremine
zasipni materijali se mogu podeliti na pet
grupa i to:

1.Visoko otporni ocvr§¢avajuci (betonski)
zasip kod koga deformacije ne prelaze
3%.

2.Srednje otporni o¢vrs¢avajuci zasip od
slabih agregata deformacija 2-5 % .

3. Kombinovani masivi koji se sastoje od
tvrdog i sipkog materijala ili nisko ot-
porne ocvrs¢avajuce smese deforma-
cionih karakteristika 5-10%.

4 Drobljene stene sa malim uce$cem sit-
nih frakcija, deformacione karakte-
ristike iznose 10-15%.

5.Jednorodno drobljeni stenski materijal
male ¢vrstoce sa deformacionim karak-
teristikama vise od 15%.

Deformaciona karakteristika &, %
zasipa se odreduje na osnovu smanjenja
zapremine pri pritisku. NanoSenje optere-
¢enja vrsi se do trenutka prestanka porasta
deformacija. Na osnovu prolaznih optere-
¢enja 1 deformacija moze se, u zavisnosti
od vrste zasipnog materijala, njegovog
granulometrijskog sastava i nacina ugrad-
nje odrediti funkcionalna zavisnost:

g% = f'o, /o,
gde su:

o, - opterecenje, (MPa)

G, - pritisna ¢vrstoca zasipa, (MPa)

Vrednosti deformacija u zavisnosti od
odnosa vertikalnog napona o, prema
¢vrsto€i zasipa na jednoosni pritisak o..
Pri 6,<1,5 6., mogu se priblizno izraziti:
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- za drobljeni dolomit krupnoce 10 x d
<25 mm

g€k = O 0,/0,
pri, ,50.<1,<6 0,
ex=ao,/o. (1 -bo,/o.+c)
gde su:

- a, b, c, koeficijenti regresije dati u lit-

eraturi i tabeli 5.3.5.

Deformaciona svojstva stvrdnjavajucih
zasipa na pojedinim rudnicima izrazavaju
se posebnim empirijskim formulama. U
Noriljskom kombinatu pri g/, < 6.

& =K, q/c,
gde je:

ek - koeficijent kompresije, %

K, - empirijski koeficijenti proporcio-

nalnosti,

q - pritisak u zasipnom materijalu od

viSelezeéih stena, (MPa)

Kompresiona svojstva  hidraulicnih
zasipa od drobljenih dolomita izrazavaju
se relacijom vida

ex = q/ (E+Dq), %
gde je:
q - pritisak u masivu od hidrauli¢nog
zasipa, (MPa)
E, D - empirijski koeficijenti

Vrednosti K, su sledece:

Deformacija hidrauli¢énog flotacionog
zasipnog materijala visine h, po dejstvom
jamskog pritiska koji potice od viselezecih
stena odreduje se po relaciji (2).

157
J +h,, (m)
gde je:

q - opterecenje na masiv zasipa visine h,
koja je identi¢na debljini rudnog tela
na pravcu maksimalnog napona,

o, - Cvrstoca zasipa na jednoosni pritisak.

Ako je zadovoljen uslov (A/h,)-100 <
10% onda je celishodna primena hidrozasipa
za zastitu krovine od deformacija. Medutim,
ako je deformacija veca od 10%, treba
promeniti neku vrstu ocvrSéavajuceg zasipa,
vece otpornosti i manje deformacije karak-
teristike.

Veli¢ina optereCenja q odreduje se po
empirijskog formuli:

q = Kb K(X’YHSR
gde je:

k, - koeficijent kojim se uzima u obzir
promena optereenja na vestacki
masiv od zasipa u zavisnosti od A -
maksimalne dimenzije rudnog tela
po pruzanju ili padu i

Hggr - srednje dubine rudnog tela.

q

A=18-107 | — L
1,66 o, —490

Amin/Hsr 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
K, 0,61 0,73 0,79 0,85 0,88 0,91 0,93 0,95 0,97 1,0
K. = cos® o+ sina. - koeficijent bo¢nog raspora. On se
o - e . .
Koeficiient ko . bai moze odrediti i po formuli za
- koeficijent kojim se uzima u obzir dugotrajno opterecenge:
ugao pada leziSta:
A=0,08+0,18 g/c,
A=p/(1-p)
Broj 2,2012. 15 RUDARSKI RADOVI
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SL 1. Grafik zavisnosti deformacije Ek odgovarajuceg zasipa od pritiska q a)
Granitni tucanik 1,2,3,4,5,6 i smesa sa peskom 7,8,9. b) tucanik od krecnjaka, c)

Sljunak s peskom 1,2,3,4, prema tabeli

Tabela 1. Kompresiona svojstva stenskog materijala

Deformacija
m:t]::it;‘ala Fr;l;clij a Pocetna poroznost IT, % Krive pri 6 MPa
g %
tucanika peska opsta
5-10 52,2 - 52,8 1 25,1
5-10 51,8 - 51,8 2 244
Tucanik 5-10 51,5 - 51,5 3 24,2
od 25-50 48,1 - 48,1 4 18,2
granita 25-50 50,4 - 50,4 5 21,4
25-50 43,4 - 433 6 13,8
25-50 50,7 44,0 223 7 3,1
25-50 49,2 432 21,2 8 2,8
25-50 42,6 43,6 18,6 9 1,7
Tucanik 25-50 52,2 - 52,2 1 25,1
od 25-50 47,4 - 47,4 2 20,1
kre¢njaka 25-50 43,4 - 43,4 3 17,3
25-50 48,1 45,1 24,1 4 6,0
25-50 47,4 43,6 20,7 5 3,0
25-50 43,4 41,9 18,2 6 1,9
Reéni 25-50 42,9 - 42,9 1 9,6
$ljunak 25-50 42,9 - 42,9 2 7,5
25-50 433 44,0 19,0 3 3,0
25-50 41,8 43,6 18,1 4 2,5
Broj 2,2012. 16 RUDARSKI RADOVI



Tabela 2. Koeficijenti sigurnosti

Kate- Dopustena
gorija deformacija Kd - za leZiSta
objekata mm/m
rudna ugljena
I 2,0 150 300
I 35 100 200
I 5,5 50 100

Tabela 3. Empirijski koeficijent regresije

Zasipni
materijal a b ¢
frakcije
0-5 1,2 0,09 0,54
0-10 0,8 0,08 0,45
0-25 0,6 0,07 0,36
a
g, Mg

pAT

L3 = s ] e e
Lis
00
o35 -~
a5 '{;
Ly [

Deformacione karakteristike o¢vrséava-
juéih zasipnih materijala pri jednoos-
nom pritisku

Krive vertikalnih napona i deformacija
za smesSe flotacione jalovine sa cementom
posle 28 dana vezivanja date su na sl. 2.
Otpornost zasipnih materijala u velikoj
meri odreduje granulometrijski sastav
agregata, koli¢ina dodatog cementa i
duzina vremena stvrdnjavanja.

§ ;
o, 47
19

4

o

& 21 gz ayen

§ 4 gv 8 2%

SL 2. Dijagrami napona i deformacija a i b pri potrosnji cementa 16> i 9, 8; krive 1, 2, 3 za koefi-
cijente jednorodnogist 5, 11, 8 i 2, 78. flotacijske jalovine

Deformacione karakteristike betona u
zavisnosti od vertikalnog pritiska date su
na sl. 3. Relativna deformacija & iznosi
0,2-0,3%. Betoni male ¢vrstoce su plastic-
niji od ¢vrstih betona. Kriva napona i de-
formacija zavisi od marke betona. Beton
kao zasipni materijal moze biti spravljen

od lomljenih jalovih stena sa dodatkom
cementa. Tako pri potro$nji cementa 5,4%
¢vrstoca stvrdnjavajuéeg zasipa od jalovih
stena je do pet puta veca od Cvrstoce
stvrdnjavajuéeg zasipa od flotacione ja-
lovine sa istim dodatkom cementa.

Broj 2,2012.
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SL. 3. a) Dijagram napona i deformacije betonskog zasipa 1,2,3,4,5,6 i ¢vrstoce
42,35,28,21,14 i 7 MPa b) krive koje karakterisu ©/tc i deformacije € od
vremena stvrdnjavanja 1,2,3,4 vremena 100 dana, 1 dan, 1 ¢as, 1 min.

Svi zasipni materijali pokazuju sma-
njenje koeficijenta deformacije sa pove-
¢anjem gustine, a to se postize meSanjem
raznih granulacija, gde sitne granulacije
sluze za ispunu meduprostora izmedu ko-
mada ¢vrstog agregata. Sa dodatkom ce-
menta smanjuje se koeficijent deforma-
cije, a povecava Cvrstoé¢a betona na priti-
sak. Pri velikim vertikalnim opterecenjima
koeficijenti deformacije za slabe betone i
flotacionu jalovinu sa dodatkom cementa
u uslovima svestranog pritiska mogu biti
izjednaceni. Povecanje gustine ugradenog
zasipa pre delovanja jamskog pritiska
moze se ostvariti pomocu vibratora ili
pomocu eksploziva odnosno potresanja pri
miranju.

Ugradeni suvi zasipni materijal od
lomljenog kamena ili $ljunka sa dodatkom
cementa ima kompresionu karakteristiku €
(u delovima jedinice)

eo 2P | P
wpNa\ o,
gde su:
pe - relativna gustina zasipnog materi-
jala,
v - pokazatelj forme Cestica zasipnog
materijala,

a - koeficijent kojim se uzima u obzir
promena zasipnog materijala pri
transportu,

P - wveli¢ina pritiska krovine na
zasipni materijal (MPa),

G, - Cvrstofa na pritisak zasipnog
materijala (probne kocke).

3. 1ZBOR KARAKTERISTIKA
ZASIPNOG MATERIJALA ZA
CUVANJE ZEMLJINE POVRSINE
OD DEFORMACIJA

1. Za slepa izolovana lezista pravil-
nog oblika, uticaj dimenzija otkopanog i
zapunjenog podrucja na zivotnu okolinu u
zavisnosti od kompresionih svojstava
zasipa ocenjuje se na osnovu veli¢ine koe-
ficijenta sigurnsoti ¢ija vrednost treba da
bude veca od dopustene po tabeli 4.

K5>Kd: I_lmin/ me
gde su:

K - koeficijent sigurnosti,

K4 - dopusteni koeficijent sigurnosti
u zavisnosti od vrste Sticenog ob-
jekta, nagiba leziSta 1 <{vrstoce
stena prema tabeli 4,

Hpin - najmanje vertikalno rastojanje
izmedu otkopane Supljine i objekta
koji treba stititi,
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mc-srednja debljina visina Supljine
zaostala posle konsolidacije i sle-
ganja zasipa pod pritiskom krovine,
m, = h, + &(m-h,).

Ako se uzme da je A =h, /m koefici-
jent zapune otkopa onda je:

m.=m (1-A+eA), (m)

m - debljina (visina) otkopanog dela

lezista (horizonta ili viSe horizonata),

h,-deo nezapunjenog dela otkopa u

poslednjem pojasu,

€ - koeficijent kompresionih svojstava

zasipnog materijala pod opterecen-
jem krovine.

Objekti na zemljinoj povrSini i
povrsina nece biti izloZeni deformacijama
ako je zadovoljen uslov Hy>me-ky=H,, ili
po Akimovu, u zavisnosti od dimenzija
Supljine:

HpmirHp=K’ 300 - m; -n /(n-74- m)
gde su:

H, - proracunska bezbedna dubina do

gornje granice lezista,

N - duzina horizontalne projekcije

rudnog tela upravno na prostiranje
L (pri n >L u formuli se umesto n
moze uzeti veli¢ina (L+n)/2),

L - duzina rudnog tela po prostiranju

K’ - koeficijent kojim se uzima u obzir

¢vrstoca stena krovine i osetljivost
objekata na povrsini. Orjentacione
vrednosti K’ u zavisnosti od koefi-
cijenta Cvrstoce stena po M. M.
Protodjakonovu su:

f ;2-5,5-9>9
K: 1,09 <08

Zadovoljavajuéi koeficijent kompre-
sionih svojstava zasipnog materijala, pa sa
tim 1 vrsta zasipnog materijala moze se
odrediti unoSenjem izraza za odredivanje
m, .Sredivanjem prethodnih formula i
izraZzavanjem eksplicitno & dobijaju se
formula:

H=K’"300 n (1-A+eA)m/[n-74 m(1-A+¢&4)]
Eaop = 1-A - Hn /(300 K’ n+74 H)mA

Zasip za ispunu otkopa ispod sti¢enih
objekata mora imati manji koeficijent
kompresije g < (g40p), Pa se u tabelama za
razne vrste zasipa na osnovu njihovih
kompresionih karakteristika moze naci
odgovarajuca vrsta zasipa.

2. Dopustena karakteristika zasipa
moze biti odredena i na osnovu poznatih
dopustenih  horizontalnih  deformacija
zemljiSta ispod objekata, na konturi uleg-
nuca i nagiba, iz uslova:

€<ggop; 1 <idop
gde su:
€, Edops 1, 1dop - Odgovarajuce ocekivane

horizontalne  deformacije i
nagibi u okviru ulegnuca.

Dopustene deformacije zasipa ispod

Sti¢ene teritorije po uslovu e<gy,, odreduje
se po formul:
103 Le,
:—W_l_hi+1, (mm/m),
AmF,,)cosoylmmny A Am

i po uslovu i <igep:

3.
e 107 Liyg,, ~
AmS';;)q, cos ax/nlnz
_i_h_H+l
A Am

gde su:

L - minimalna duZina polovine uleg-
nuéa u m. Odreduje se graficki na
osnovu uglova sleganja (3, v, B),

o - ugao nagiba lezi$ta,

€4op » 1dop - dopustene horizontalne de-
formacije i nagibi ispod Sticenih ob-
jekata. One zavise od vrste objekata
i njihovog znacaja.

A - koeficijent zapunjavanja otkopa,

m -debljina lezista,

F(, - funkcija krive horizontalnih de-
formacija,

S(z) - funkcija tipi¢ne krive naklona,

o - relativno sleganje q,=0,65-0,75,

Broj 2,2012.
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1’11:K D]/H, i I12:K Dz/H,
H - dubina lezista,
D), D, - dimenzije otkopanog prostora
po pruzanju i padu lezista,
K-koeficijent ugradnje zasipa. Obi¢no
iznosi K=0,02-0,04
H .- debljina poslednjeg sloja zapun-
javanja, (m)
Maksimalne vrednosti funkcije S(z) u
zavisnosti od n su:
n >1 0,8 0,6 <04
S(z) 2,2 1,98 1,89 1,92
Svojstva se utvrduju s obzirom na ne-
jednorodnost deformacija zasipnog masiva
po normali u smeru glavnih pritisnih
napona &y= Eqop m¢/m. Proracunska
veli¢ina ukupne deformacije vestackog
masiva iznosi A = ey €y = Eqop & M
gde su:
A - dopustena deformacija vestackog

4. ZAKLJUCAK

Za spreCavanje deformacija zemljine
povrsine i1 objekata u okviru eksploatacionog
polja, otkopavanje lezista treba da se vrSi
primenom otkopne metode sa zapunjavan-
jem otkopanog prostora. Zasipni materijal za
zapunjavanje otkopa treba da poseduje
odgovaraju¢a  kompresiona  svojstva i
¢vrsto¢u.U radu su date kompresione karak-
teristike raznih zasipnih materijala primen-
jivanih u rudnicima, kao i matematicki mod-
eli za njihovo odredivanje u zavisnosti od
granulometrijskog sastava, ¢vrstoce materi-
jala na jednoosni pritisak i ocekivanog op-
terecenja vise leze¢ih masa.
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Abstract

For achievement a complete efficiency of deposit without depletion of ore, with preservation of
the Earth surface from deformations, the stope mining methods with backfilling are used, without
leaving the safety pillars or with subsequent obtaining the safety pillars. For these purposes, back-
filling of stope is done with necessary strength and deformation characteristics. The mathematical
models are discussed in this work for selection the filling material depending on a function in the
process of ore mining and after mining the deposit.
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1. INTRODUCTION

For ﬁlhng the Cavities’ depending on material for ﬁlhng and technology of trans-
the aim to be achieved using the selected ~ portation and installation in excavated cavi-
variant of stope mining method, geometry  ties are selected [1]. Mining and geolo-
and quality of the deposit, the appropriate ~ gical ~ conditions ~of  deposit occur-
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rence and its quality (value of ore) and
demands for preservation the environ-
mental factors have influence on selection
the stope mining method, and also on se-
lection the material and filling technology
[2]. Obtaining of deposit can be carried
out in layers or benches, without living
safety protective pillars or with safety
pillars of ore and their subsequent obtain-
ing between the pillars [3]. Mining of de-
posit with backfilling of stopes with some
kind of filling material can be done by the
following stope mining methods:
1.Bench mining in descending steps by
drifts of steep ore veins and movement
of equipment on stoping
2.Single or multiple layer, panel, vertical
or horizontal stoping
3.Sublevel stoping with
backfilling of empty stopes
4.Chamber pillar stoping with or without
living the roof
5.Chamber pillar stoping with ore stor-
ages and subsequent filling after ore
discharge and subsequent obtaining of
pillars

subsequent

Backfilling of stope in the mentioned
stoping methods for clean ore stoping un-
der the certain circumstances of geometry,
mechanical characteristics of roof rocks,
demands for preservation of earth surface
and deposit depth, can be realized using
the stoping material with adequate
strength and deformation characteristics
such as:

1. Dry stoping of crushed rock mate-
rial of deposit surrounding rocks or
transported from the earth’s surface
( with addition of bonding agent or
without it)

2. Pneumatic stoping of crushed rock
material, sand, ash with addition of
bonding agent or by injection with
bonding agents already fitted stop-
ing mass.

3. Hydraulic stoping of hydro cyclone
flotation waste rock, ashes from
thermal power plants or sands with

addition of bonding materials or
without them.

4. Special stoping of blocks of ice,
expounding masses, frizzing water
or combined by construction of ar-
tificial pillars of stone or concrete
blocks and filling the empty space
between them by flotation tailings.

2. COMPRESSION
CHARACTERISTICSOF STOPING
MATERIALSIN STOPES

By compaction and volume reduction
stoping materials can be divided into five
groups as:

1.Highly resistant solidifying (concrete)
stoping in which deformation does not
exceed 3%.

2.Medium resistant solidifying stoping
made of weak aggregate deformations
of 2-5 %.

3. Combined massifs consisting of hard
and loosely material or low resistant so-
lidifying mixture with deformation
characteristics of 5-10%.

4. Crushed rocks with little participation
of small classes, with deformation char-
acteristic of 10-15%.

5.Uniform crushed rocky material of low
strength with deformation characteris-
tics over 15%.

Deformation characteristic g, % of
stoping is determined based on the reduc-
tion of volume under the pressure. Load-
ing is performed from the time of cessa-
tion of deformation increase. Based on
temporarily load and deformation it can
be, depending on a type of stoping mate-
rial, its grain-size distribution and installa-
tion method, determined the functional
dependence as:

g% = f-0, /o,
where:
o, - load, (MPa)
o, - compressive strength of backfill,
(MPa)
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Values of deformations in dependence
on relation of vertical tension o, and stop-
ing strength on uniaxial pressure o at
0,<1, 5 o, they can be approximately
expressed as:

- for the crushed dolomite, coarseness

of 10 x d <25 mm

gk = O 0,/0,

atl.50.<1,<6 G,

ex=ao,/c. (1 - bo,/c+c)

where:
a, b, c, are coefficients of regression,
given in literature and Table 5.3.5.

Deformation properties of hardening
stoping in some mines are expressed by
specific empiric formulae; in the Noril
Mining Combine at g/c. < 6.

g =K, g/o;
where:

ek - coefficient of compression, %

K. - empiric coefficient of proportion-

ality,

q - pressure in material stoping from
multi-lying rocks, (MPa)
Compressive properties of hydraulic stop-
ing from crushed dolomites are expressed

by relation:

ex =q/ (E+Dq) %
where:

q - pressure in massive of hydraulic

stoping, (MPa)

E, D - empirical coefficients

Values of K, are:

Deformation of hydraulic flotation
stoping material of height h, under the
effect of mine pressure which originates
from several lying rocks is determined
according to the relation (2).

1,57
A—1.8-10'2[ 4 j “hy, (m)
where:

1.66 o, —490
q - load of stoping burden of height h,
identical to the thickness of ore
body in direction of maximum
stress,
o, - stoping strength on uniaxial pres-
sure.

If condition (A/h,) -100 < 10% is ful-
filled than the expedient use of hydro
stoping is for protection of roof from de-
formations. But, if deformation is higher
than 10%, some type of solidifying stop-
ing should be used, with higher resistance
and smaller deformation characteristics.

Size of the load q is determined ac-
cording to the empiric formulae:

q =K, KoyHsg
where:

ky - coefficient which takes into con-

sideration the changes of load on
artificial massif of stoping de-
pending on A - maximum dimen-
sion of ore body by stretch or
declination
and
Hgr - average depth of ore body.

Amin/HSR | 0.1 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9 1

Kb 0.61 0.73 0.79 | 0.85

0.88 0.91 0.93 0.95 0.97 1.0

K.= cos® at+\ sin’a
- coefficient which takes into consid-
eration the angle of deposit fall

A=p/ (1-p)

- coefficient of lateral gap. It can be
determined according to the formula
for long-term load

1=0.08+0.18 g/o.
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Fig. 1. Chart of deformation dependence Ek of corresponding stoping from pressure q
a) crushed granite 1,2,3,4,5,6 and mixture with sand 7,8,9. b) crushed limestone,
¢) gravel with sand 1,2,3,4, according to Table 1

Table 1. Compression properties of rocky material

. Fraction B _ Defor mation at 6
Type of material e Initial porosity ITo % Curves MPa
&k %
Cgosr}ll:d Sand Common
5-10 52.2 - 52.8 1 25.1
5-10 51.8 - 51.8 2 244
Crushed 5-10 51.5 - 51.5 3 242
25-50 48.1 - 48.1 4 18.2
granite 25-50 50.4 - 50.4 5 214
25-50 43.4 - 43.3 6 13.8
25-50 50.7 44.0 223 7 3.1
25-50 49.2 43.2 21.2 8 2.8
25-50 42.6 43.6 18.6 9 1.7
Crushed 25-50 52.2 - 52.2 1 25.1
25-50 47.4 - 47.4 2 20.1
limestone 25-50 43.4 - 43.4 3 17.3
25-50 48.1 45.1 24.1 4 6.0
25-50 47.4 43.6 20.7 5 3.0
25-50 43.4 41.9 18.2 6 1.9
River 25-50 42.9 - 42.9 1 9.6
gravel 25-50 42.9 - 42.9 2 7.5
25-50 433 44.0 19.0 3 3.0
25-50 41.8 43.6 18.1 4 2.5
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Table 2. Coefficient of safety

Defor mation characteristics of

Allowed
gﬁ)ﬁ‘g’ deformation | Kd-for layers |  solidifying stoping material at
mm/m uniaxial pressure
ore coal
I 2.0 150 300 Curves of vertical stresses and defor-
11 3.5 100 200 mations for mixtures of flotation waste
il 33 30 100 with cement after 28 days of solidifying
o ] are given on the figure 2. Resistance of
Table 3. Empir l‘j“l coefficient of stoping materials is mostly determined by
regression granule metric composition of aggregates,
Fraction of quantity of added cement and length of
sopingmate: | s © solidifying time.
0-5 1.2 0.09 0.54
0-10 0.8 0.08 0.45
0-25 0.6 0.07 0.36
' . & :
&,MNa \ o470
, t | g
1/ y Lig -'*'-Iy-—"—' ‘-—4
g UF L
‘N
r/ / 00 2 —-J
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Fig. 2. Diagrams of stress and deformations a and b at cement consumption 16> and 9.8;
curves 1,2,3 for coefficient of uniform material 5,11,8 and 2.7 of e flotation tailings

Deformation characteristic of concrete
depending on vertical pressure are given
on figure 3. Relative deformation ¢ is 0,
2-0, and 3%. Concretes of small strength
are more plastic than firm concretes.
Curve of stress and deformations depends
of concrete brand. Concrete as stoping

material can be made of crushed barren
rocks with addition of cement. At cement
consumption of 5, 4% strength of solidify-
ing stoping of barren rocks is five times
bigger than strength of solidifying stoping
made of flotation waste with the same
addition of cement.
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Fig. 3. @) Diagram of stress and deformation of concrete stoping 1, 2, 3, 4, 5, 6 and
strength of 42, 35, 28, 21, 14 and 7 MPa b) Curve which characterize v/rc and
deformations ¢ from solidifying time 1, 2, 3, 4 periods of 100 days, 1 day, 1 hour, 1 min.

All stoping materials shows decreasing
of deformation coefficient with increasing
of density, which is achieved by mixing of
different granulations, where smaller
granularity are used as filling between
pieces of solid aggregate. With addition of
cement coefficient of deformation is de-
creased, and concrete strength on pressure
is increased. At high vertical load coeffi-
cient for weak concretes and flotation
waste with addition of cement in condi-
tions of all around pressure can be equal-
ized. Increase in density of packed stoping
before effect of mine pressure can be ob-
tained by use of vibrators or using the
explosive and shaking with blasting.

Packed dry stoping material made of
crushed stone or gravel with the addition
of cement has the compression character-
istics € (in unit particles)

1-p; [P
ypeNa\ o

where:
pe - relative density of stoping material
v - indicator of stoping material parti-
cle form

a - coefficient which takes into consid-
eration change of stoping material
in transport

P - size of roof soil pressure on stoping
material, (MPa)

o, - pressure strength of stoping mate-
rial (test cubes)

3. SELECTION OF STOPING
MATERIAL CHARACTERISTICS
FOR PRESERVATION THE
EARTH SURFACE FROM
DEFORMATIONS

1. For blind isolated deposits of regu-
lar shape, the effect of size the mined and
filled area on living environment, depend-
ing on compression characteristics of stop-
ing, is evaluated based on the size of safety
coefficient which should be higher than the
allowed one, according to Table 4.

Ks> I<d: I_lmin/ me

where:

K - coefficient of safety,

K4 - allowed safety coefficient depend-
ing on a type of protected object,
slope of deposit and strength of
rocks, according to the Table 4.
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H,;» - minimum vertical distance be-
tween mined cavity and protected
object,

m, - average thickness, height of resid-
ual cavity after consolidation and
subsidence of stoping under pres-
sure of roof soil, m, = h, + g(m-h,).

If A =h,/m is taken as coefficient of

stope filling than:

m,=m (1-A+€A), (m)

m - thickness (height) of mined part of
deposit (horizon or several hori-
zons)

h, - part of unfilled section of stope in
the last zone,

€ - coefficient of compression features
of stoping material under the pres-
sure of roof soil.

Objects on the Earth’ surface and sur-
face will not be exposed to deformation if
the condition is fulfilled Hyix>mc-k,=H, or
according to Akimov, depending on the
cavity dimension
Hmin>H,=K’ 300 - m -n /(n-74- m,)
where:

H, - calculated safety depth up to the

upper border of layer

N - length of horizontal projection of

the ore body perpendicular to the
spreading L (at n >L in formula
instead of n, the value (L+n)/2)
can be taken

L - length of ore body to the spreading

K’ - coefficient which takes into ac-

count the strength of roof rocks and
sensitivity of structures on the sur-
face.

Approximate values of K’ depending
on a coefficient of strength for rocks ac-
cording to the author of this article.

According to Protodjakonov, they are:

f :2-5,5-9>9
K';: 1,09 <08

Satisfying coefficient of compression
properties of stoping material, and also
stoping material itself can be determined
using the expression for determination of
m.. By arrangement the previous formula
and explicit expression of g, the following
formulae are obtained:

H=K’300-n (1-A+eA)m/[n-74 m(1-A+eA)]
£40p = 1-A - Hn /(300 K’ n+74 H)mA

Stoping for filling of stopes under pro-
tected objects must have smaller coeffi-
cient of compression &c<(&4op), and in Ta-
bles for different types of stoping based in
their compression characteristics can find
the suitable type of stoping material.

2. Allowed characteristic of stoping
can be also determined based on known
allowed horizontal deformations of the
ground under objects, on the contour of
depressions and slopes, from condition:

€<ggp; 1 <idop
where:

€, Edops 1, ldop - corresponding and ex-

pecting horizontal deformations
and slopes within the depres-
sions.

Permissible deformations of stoping
under protected territory according to the

condition e<gq4,, are determined by formu-
lae:

1073 Leg,,
£= -
AmF'; ;) cosa\/nlnz , (mm/m)
_L_ Iy 1
A Am
And condition i <igep:
37
s 10 leop B
AmS's;)q, cos a\/nlnz
_l_h_H_Fl
A Am
where:

L - minimum length of half depression in
m. It is determined graphically based
on angles of subsidence (9, y,p)
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o - subsidence angle of layer

€dop » ldop - permitted horizontal defor-
mations and slopes under protected
objects. They depend on a type of
object and their importance.

A - coefficient of filling of stope

m - thickness of the layer

F(, - function of horizontal deforma-
tion curve

S(z) - function of typical inclination
curve,

qo - relative subsidence q,=0,65-0,75

n,=K D,/H, and n,=K D,/H,

H - layer depth

D, D, - dimension of excavated space
to the spreading and fall of the layer,

K - coefficient of installation of stop-
ing. It is usually K=0.02-0.04

H ,- thickness of last layer of stoping,
(m)
Maximum values of function S(z) de-
pending of n are:
>1

2.2

0.8
1.98

0.6
1.89

<04
1.92

n
S(z)

Properties are determined due to ine-
quality of deformations of stoping massive
across the normal in direction of main
pushing stresses ey= €q4op - m/m. Calcu-
lated value of total deformation of the
artificial massive is A = ey ‘€ = €qop & M
where:

A - allowed deformation of artificial
massive,

m, - residual cavity (height of stope)
after filling and consolidation of
stoping

m - thickness of excavated layer

4. CONCLUSION

To prevent deformations of the Earth
surface and objects in the area of exploita-
tion field, excavation of ore layer should
be done by use of stoping method with
backfilling of excavated space. Stoping
material for filling of stope should have
the appropriate compression features and
strength. In this article are given compres-
sion characteristics of different stoping
materials applied in mines, and mathe-
matical models for their determination in
dependence of granulometric composition,
strength of material on uniaxial pressure
and expected stress of several laying
masses.
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VIBRACIJE TEMELJA NA ELASTO-PLASTICNOJ OSNOVI PRI
KONSTANTNO DELUJUCOJ I PERIODICNOJ SILI”

Izvod

U radu se analizira nelinearno stanje napon-deformacija pri konstantno delujucem optereéenju
i sa periodicnim dejstvom. ReSenja se izvode za oblast elasticnih deformacija tj. Do stanja tla na
granici proporcionalnosti i za elastoplasticnu oblast iza granice proporcionalnosti.

Kljucne reci: vibracija, frekvencija, napon proporcionalnosti, brzina, ubrzanje

1. UVOD

Pri  proratunu staticki neodredenih
sistema, sile se odreduju na bazi jednacina
deformabilnosti medusobno povezanih sila i
pomeranje, ne obracajuéi paznju da i pri
odredivanju bocnog pritiska tla, takode
predstavlja svojevrsni staticki neodreden
problem, jer nema funkcionalne veze izme-
du sila i pomeranja. Iz navedenog razloga u
radu se analizira zavisnost izmedu verifiko-
vanog napona promenljivog intenziteta i
sleganja temelja koja je predstavljena u
obliku bilinearnog zakona.

Osim uspostavljenih sila, sile inercije
temelja, uzima se u obzir i sila otpora
nastala u obliku pocetnog trenja u tlu.

* Institut za rudarstvo i metalurgiju Bor

Nelinearna zavisnost napon-deformacija
se razdvaja u dva dela. Prvi elasti¢ni deo se
razmatra do granice proporcionalnosti, a
druga oblast elastoplastitnog stanja se
razmatra sa novom ishodisnom tackom.

2. DEJSTVO KONSTANTNE SILE

Pravougli, masivni temelj, oslonjen na tlo
sa elastoplasticnim svojstvima i nelinearnom
zavisnos¢u napon-sleganje (deformacija) izlo-
zen je vibriranju (oscilovanju). Inerciona svoj-
stva osnove za sad zanemarujemo. Zavisnost
izmedu vertikalnog napona na osnovu o, i sle-
ganja y, slika la, predstavljen je u vidu bili-
nearnog zakona do granice proporcionalnosti.

. Ovaj rad je proistekao iz Projekta broj 33021 , Istrazivanje i pracenje promena naponsko
deformacionog stanja u stenskom masivu‘“ in-situ“ oko podzemnih prostorija sa izradom modela
sa posebnim osvrtom na tunel Kriveljske reke i Jame Bor“, koga finansira Ministarstvo za

prosvetu i nauku Republike Srbije
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o1=cyy Q)

P(t)
c =tgo, A
koeficijent pritiska tla u prvom elasticnom
delu; i S M —
- y1, sleganje u predelu proporcionalnosti. Ru :
Za predeo proporcionalnosti pri 6,>Ga, ' It
slika 1a. Pos
a
SL 2.

- Py = kyyy, ustanovljena sila,
- k; = ¢'F [kN/m], koeficijent posteljice,
- F = a'b [m?], povrsina osnove temelja,
- I=-m-y,”, sila inercije,
- m, masa temelja.

yi"+2ey; + (ky/m)y, = Py/m “)

gde je:
- 2& = t/m, koeficijent prigusenja.

Ako uvedemo da je w,* = k;/m, gde je
o ucestalost (frekvencija) u prvom delu,
umesto izraza (4) se moze napisati:

'+ 2ey; oy =Pym=Py (5

Koeficijent prigusenja se usvaja da je
jednak:

SL 1. e=(1/n)w((1/10)w)
U datom slucaju predpostavka je da je
02 =04 T 1801y = 04T CY> (2) P =Py, gde je Py brzo nanesena sila.
- G, granica proporcionalnosti, vi"+ 2y + @iy =Py/m =Py (6)
-¢ = tgul,. koe.ﬁcijent. pritiska tla u Integral izraza (6) pri yio = 0, y1o’ = 0
elastoplasticnoj oblasti, (u poetnom trenutku vremena temelj se

- V», sleganje u elastoplasti¢noj oblasti nalazi u stanju mirovanja);

ocitana od taCke Oy, slika 1b, > o .
- Ry, = t'yy’, sila otpora tla, i = (Pymw’)[1-¢"(cosw;t + (e/w ) sinw,t]

-y,’, brzina pomeranja, ™

- P, spoljna sila na temelju. Brzina pomeranja je:

P je predstavljena grafikom na slici yi' = (Pym)-e*"(sinw;t/ ®;) )
1b. gde je kruzni deo:

Diferencijalna jednacina vertikalnog
kolebanja (vibracija) temelja za prvi deo, W= \/ (cab/m) = \/ ky / m ©)
shkg 1 i ne uzimanju u obzir inerciona Polaze¢i od izraza (7) proizilazi da je 64
svojstva tla: = G,y 1 odreduje se vreme t, pri kome je:

Py -1=Py+ Ry =0 3 Vi =ya=(0,/c) (10)
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gde je:

- Opp granica proporcionalnosti.

Za drugi elastoplasti¢ni deo koristimo
nove koordinatne ose, slika la, i sa
koordinatnim pocetkom u tacki O; i tada
koristimo izraz (2) za o,. Tada je
uspostavljena sila P,:

P, = 6,F = 6, F + ¢Fy, = ¢Fy, =

=kryatkaya

Diferencijalna
(vibracija) je:

(ki'ya T koya) +try,” +mry,”” =Py

jednacina  kolebanja

v 2y oty =

= (P(t) - kIyA)/m = Pl(l)/m

Nastala sila ima drugi izraz:

Py =Py -kryi=Po-krys (11)

Sada nova frekvencija (kolebanje) ima
slede¢u vrednost:

ky _ /clab
m m

w =
(12)
o) =k + &7
Sada je koeficijent priguSenja:
1
&1 =—)
n
Konac¢na diferencijalna  jednacéina
frekvencije  (kolebanja) drugog dela

dijagrama, slika 1, je:

v+ 28 y) twyty, =

=(Py - ki'ya)/m =P/m (13)

Integral izraza (13), uzevsi u obzir da
je t,=0, tacka O,, dijagram slika la, od-
stranjen je ya, i gde je y' brzina:

_ ' & . '
Yy =yye glt(cos st + - sin a)th+
)

Brzina pomeranja je:

' _ ’ 7811‘ ' 81 . ' _
Yr=yye COSW Ht +—-sinwt
@
2 (15)
' 3 Sinwht
—y e “Lsinan t+Be 1 220
@3 @3
Maksimalni  otklon  odreden je

prirastajem brzine po izrazu (15).
3. DEJSTVO PERIODICNE SILE

Diferencijalna jednacina vibracija za
prvi deo dijagrama, slika 1b, umesto
izraza (4), a pri pocetnom prigusenju, je
sledeca:
yi”+ 26y + oy, = Pysin@t+l) (16)
gde je:

- Py, amplituda sile.

Py/m [m/s], m = P/g [kNs*/m]
gde je:

- m, masa temelja

- g = 9,806 [m/s’], ubrzanje zemljine

teze,

- g, koeficijent prigusenja, odreden kao

n-ti deo sopstvenih vibracija,

- vy, vertikalno pomeranje centra podloge

temelja u elasti¢noj oblasti (t<ty),

- A, pocetni stadijum dejstva periodicne

sile (u prvom delu se uzima A = 0).

Pun integral diferencijalnog izraza (16)
a pri pocetnim uslovimat=0, y; =y, iy,
=y, ima slede¢i oblik:

_ at & . » sinw gt
y =e Yo| cosay t+—sinayt |+ Yy +
@ @

+i {vin(@t +A+8)—e A [sin(A+5)cosm | 1]

Jz

_e‘glt{gsin(ﬂ+5)+ecos(/l+5)} sinew |t}
1] D11

- 17)
r _eqSinwy B (
eyt ey A a9
0y, o gde je:
t ' &1 ' Z1 = (wIZ_HZ)Z +4 82512;
| 1= e8| cos wnt + —-sin wyt e, = (1/n)
o b n)w;j.
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Fazna razlika 6, odredena je po slede-
¢em izrazu:

2810 .

\/Z >

Sada na temelj deluje periodi¢na sila
Py = Pysinbty, pri ¢emu je u pocetnom
trenutku vremena y, = 0, yo' = 0. Tada pri
A=01iizraza (17) dobija se:

wi-ef

sind =— w11=

(18)

5

=
Vo

{siné “cosmqqt+ [gsinc?Jrecosc?] (19)

@11 D11
sina)”t j|}

Izraz (18) za faznu razliku & medu
znaCajnim premestanjima promenljivosti
sile 1 uvrStavanjem vrednosti vremena ta
dostize grani¢no pomeranje na granici
proporcionalnosti 6, = k;-y,, odreden po
izrazu (19) i brzinu y,.' za taj trenutak.

No, kako smo koordinatni pocetak
preneli u tacku Oy, tada za drugi plasticni
deo, diferencijalna jednacina umesto iz-
raza (16) ima slede¢i oblik:

{sin(@ t+06)—e !

vy =26, + wyy; = Pysin(Ot+1) -
- (ki/m)y 4 (20)

Ovde pocetna faza A odgovara vre-
menu t = t, prvog dela. Ako ozna¢imo da
je (ky/m)-ya = A, dobija se izraz diferenci-
jalne jednacine:

w"+ 2en"+ wyn = Pysin@t+l)—A4  (21)

Integral izraza (21) pri pocetnim us-
lovima t = 0, y, = ya, ¥2' = ya' daje izraz
za funkciju y, u plasti¢noj oblasti:

i

sin(@t+A+8)—

—&pt & .
=€ Y| cosan t +w— SN,

2
' Sinwyt
+y0 +
)

R
Iz

_ie—‘fz’ {sin (A+6)coswyt+
7
+eysin (A+8)+0 cos(A+6)]

sin wyt| 4 [ 6ot
}—2'1—6

]

2826

)

- 7, se izraCunava prema izrazu (18)
zamenom ®; sa ®, 1 €| sa &.

22)

&y .
COSWH t-—=SIn Wy
)

gde je:

01 = arc sin [

Za elastoplasticnu oblast je vezano
znatno vece pomeranje koje je povezano
sa smanjenjem koeficijenta posteljice i
ucestalosti vibracija.
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VIBRATIONS OF FOUNDATION ON ELASTIC-PLASTIC BASE AT
CONSTANT AND PERIODICAL ACTING FORCE"

Abstract

This paper analyzes the nonlinear stress-strain state at constant applied loads and periodic ef-
fect. The solutions are carried out in the field of elastic deformations, i.e. to the soil condition at
proportionality limit and elastoplastic area beyond the proportionality limit.

Keywords: vibration, frequency, proportionality stress, rate, acceleration

1. INTRODUCTION

In calculation the statically undetermi-
nated systems, the forces are determined
based on deformation equations of interre-
lated forces and movement, not paying
attention to and in determination the lat-
eral pressure of soil, also presents a stati-
cally undetermined problem, because
there is no functional relationship between
force and movement. For this reason, this
paper analyzes the relationship between
the verified stress of variable intensity and
foundation settlement, which is repre-
sented as a bilinear law.

In addition to the established powers,
the forces of foundation inertia, the resis-

tance force, created in the form of initial
friction in the soil, is taken into account.
Non-linear stress-strain dependence is
separated into two parts. The first elastic is
considered to the limit of proportionality,
and the second area elastoplastic condition is
considered with the new starting point.

2. EFFECT OF CONSTANT FORCE

Rectangular, solid foundation, resting on
the elastoplastic properties and non-linear
dependence of sress-subsidence (strain) is
exposed to vibration (oscillation). The iner-
tion properties are neglected for now.

* Mining and Metallurgy Institute Bor, 35 Zeleni bulevar, 19210 Bor

™ This paper is produced from the project no. 33021 “Researching and monitoring changes in
stress-deformation condition of rock massif “in-situ” around undergraund facilities with devel-
opment of model with special emphasis on Krivelj river tunnel and Bor pit”, which is funded by
means of the Ministry of Education and Science of the Republic of Serbia
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Dependence between the vertical stress on
the base o, and settlement y, Figure la, is
represented by bilinear law to the limit of
proportionality.
o1=cy; ey
c = 1go,
coefficient of the soil pressure in the first
elastic part;
-y}, subsidence in the area of proportionality.

For the area of proportionality at
6,>0,, Figure la.

a)

o} o .' o

Fig. 1.

2

0y =04 T 180y, =04 T CY;

- G, limit of proportionality,

- ¢; = tgay, soil pressure coefficient in
the elastoplastic area,

- y,, subsidence in the elastoplastic
area, read from point Oy, Figure 1b,

- Ry, = tyy’, force of soil resistance,

-y, rate of movement,

- P, external force on foundation.

P is represented by graph in Figure
1b.

Differential equations of the vertical
oscillation (vibrations) of foundation for
the first part, Figure 1 and not taking into
account the inertial properties of the soil.

Pus.'I_P(t)J'_Rtla:O (3)

Fig. 2.

- Py, = k1-yl, established force,
- k; = ¢'F [kN/m], coefficient of sub-
grade,
- F = a'b [m?], area of foundation base,
- I=-m-y,”, force of inertia,
- m, foundation mass.
vi”+2ey; + (ki/m)y; = Poy/m
where:
- 2& = t/m, damping coefficient.
If it is introduced that @,> = k;/m,
where o is the frequency in the first part,
instead of equation (4), the following can
be written:
yi”+2ey; +wly = Pym=Py (5
It is adopted that the dumping coeffi-
cient is equal to:
e=(1/n)w((1/10)w)
In this case, the assumption is that P,
= Py, where Py is quickly inflicted force.

“)

yi”+2ey; +wy = Py/m =Py (6)

Integral of expression (6) at y;o = 0,
yio” = 0 (at the initial moment of time the
foundation is in standby mode);

Vi = (Pymrer’)-[1-€"(coswit + (e/w,) sinw;t]

(7)
Movement rate is:
v’ = (Pym)-e(sinwt/ ;) (8)
where circular part is:
w=(cab/m) =k /m )

Starting from the expression (7), it fol-
lows that 6, = o), and the time t, is deter-
mined at which:

Y1 =ya = (0/c)) (10)
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where:

- p is the proportionality limit.

For the second elastoplastic part, the
new axe coordinates are used, Figure la,
with the coordinate start at the point O
and then the expression (2) is used for o,.
Then, the force P, is established:

P, = 6,F = 6, F + ¢;Fy, = ¢Fy, =

=kiyatkyya

Differential equation of vibrations is:

(ki'ya T koya) ttirys” +mry,”” =Py

y2' 2yt oy, =

= (P(t) - kIyA)/m = Pl(l)/m

The resulting force has another expres-
sion:

Py =Py -krya=Po-krya  (11)

The resulting force has another expres-

sion:
k2 _ Cl ab
m N m

Wy =\ w3 + &l

Now, the dumping coefficient is:
1

&1 =—)
n

=
(12)

The final differential equation of fre-
quency (variation) of the second part of
diagram, Figure 1, is:

v+ 28 y) twyty, =

=(Py - ki'ya)/m =P/m (13)

Integral of expression (13), taking into
account that t,=0, tacka O,, diagram in
Figure la, is removed ya, and where y,' is
speed:

- —&t PRI B
Yo =Yy4€ cos yt + —-sin wyt |+
)
gy Sinwy B
e =2 - (14)

) 2]

_ -
| 1=e71| cos wat + =L sin )t
@

Movement rate is:

L=y e8! cosw i+ sinwyt |-
Y2=V4 2 7 2
%)
w3 Sinwot
—Zsinamyt+Be 61 2~
o) @3

(15)

—y e
Maximum deviation is determined by

the rate increment by the expression (15).

3. EFFECT OF PERIODICAL FORCE

Differential equation of vibration for
the first part of diagram, Figure 1b, in-
stead of the expression (4), and at starting
dumping, is he following:
yi7+ 26y + oy = Pysin(0t+l) (16)
where:

- Py, force amplitude.

Py/m [m/s], m = P/g [kNs*/m]
where:

- m, foundation mass

- £=9.806 [m/s], gravitational cceleration

- ¢, damping coefficient, defined as the
n-th part of its own vibrations,

-y, vertical movement the centre of
foundation ground surface in the
elastic area (t<tp),

- A, initial stage of periodic force action
(in the first part the following is
taken A = 0).

Full integral of differential expression
(16) and at the initial conditions t =0, y; =
yo and y;' = yj, has the following form:

g & . ¢ sinwqt
v =€ 1l yo| cosay t +—sinay t |+ yg———— |+
@ @]

+i {Sin(ﬁt +A+0)—e A[sin(A+5)cosw 1]

Jz

—e_glt{g sin(A+90) +ecos(/1+5)} sinw )

@11 @11
17)
where:
z; = (w12-92)2 +4 0/
;= (1/n)w,.
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Phase difference 6, is determined by
the following expression:

2810 2 2
s OIENOT—E]
V21

Now, the periodical force Py,
Py'sinOty acts on a foundation, where it is
at the initial moment of time y, = 0, yo' =
0. Then at A = 0 and expression (17), the
folloOwing is obtained:

sind =—

(18)

P N
=2 {sin(9t+§)fe7‘51t .

=
Ja

-{siné‘-cosa) 11 t+[8sin5+ecos5j (19)

@11 1]
sinwt }}

Expression (18) for the phase differ-
ence d between the major movements of
force variability and including the value of
time ta, attains the boundary movement at
the proportionality limit o, = k;-ya, de-
termined by expression (19) and rate y,'
for this moment.

But, as the coordinate start is trans-
ferred to the point O;, then the second
plastic part, the differential equation in-
stead of expression (16) has the following
form:

vy =2¢e," + wyyy = Pysin(6t+1) -
- (ki/m)-y 4 (20)

Here, the starting phase A is suitable to
time t = t, of the first part. If it is denoted
that (k;/m)-ya = A, an expression of dif-
ferential equation is obtained:

"+ 260"+ wyyy = Pysin(@ttl) — A4  (21)
Integral of the expression (21) at the
initial conditions t = 0, y, = ya, ¥2' = ya'

gives an expression for function y, in the
plastic area:

—&nt & .
W =e £ {yo(cosa)z t+-% sin () tj+
0]

2
' Sinwyt R
+y0 2 i|+ 9

o ||z,

_ie—‘fz’ {sin (A+6)coswyt+
7
+eysin (A+8)+0 cos(A+6)]

sin wyt| 4 [ 6ot
}—2'1—6

2] 5

&y .
COSWH t-—=5SIn Wyt
)

where:

sin(@t+A+8)—

22)

. 2 & 2 6
01 = arc sin
[ VvZ2 j
- 7, is calculated according to the ex-
pression (18) bu replacement of m,
with m, and &, with &,.

The elastoplastic area is related to lar-
ger movement that is associated with the
reduction ratio of subgrade and fre-
quency of vibration.
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TEHNOLOGIJA UGRADNJE PRSKANOG BETONA KOD PODGRADIVANJA
PODZEMNIH RUDARSKIH PROSTORIJA

| zvod

Ovde je obradivana tehnologija ugradnje prskanog betona (torketiranje) u fazi podgradivanja
i osiguranja podzemnih rudarskih prostorija pri njihovoj izradi ili rekonstrukciji. Ovim se Zeli dati
doprinos unapredenju ove tehnoloske faze i pruZiti informacije strucnoj javnosti o potrebi njene

Sire primene.

Kljuéne reéi: rudnik, ugalj, podgradivanje, beton

1. UVOD

Podgradivanje i osiguranje podzemnih
rudarskih prostorija je izuzetno slozen pro-
blem u rudnicima uglja, kako sa sigurnosnog
tako 1 ekonomskog aspekta. U osnovi pred
rudarske strucnjake se postavlja problem
kako racionalno  podgraditi  rudarsku
prostoriju, kod faze izrade i odrzati njenu
funkcionalnost za  predvideno  vreme
koris¢enja uz minimalne troskove. U
uslovima podzemnih rudnika uglja u Srbiji
veoma su slozeni geotehnicki uslovi, i sa
aspekta izgradnje i podgradivanja prostorija
prisutna je cesta promena uslova radne
sredine, a Sto iziskuje potrebu prilagodavanja
tehnologije rada 1 primene razliCitih sistema
podgradivanja. Sada se u podzemnim
rudnicima uglja u Srbiji izradi nesto vise od
6000 nr rudarskih prostorija godisnje, pri
¢emu su dominantni sistemi podgradivanja sa
popustljivim Celi¢nim luénim okvirima i sa
drvenom trapeznom podgradom. Pri ovome
se samo razli¢itim razmakom podgradnih

" JP PEU Resavica
** Institut za rudarstvo i metalurgiju Bor
*** Rudnik Mrkog uglja ,, Purdevik*

okvira i izmenom profila prostorija nastoji
odrzati funkcionalnost podzemnih prostorija.
Prema dostupnim podacima u toku 2011.
godine u jamama rudnika JP PEU izvrSena je
rekonstrukcija prostorija u obimu od oko
2000 mr, §to je veoma veliki izdatak, sa
aspekta troskova materijala i radne snage,
angazovanja opreme i izgubljene proizvodnje
uglja iz otkopa.

Detaljnom analizom uslova radne
sredine u sada aktivnim rudnicima i
potrebnog obima izrade novih i odrza-
vanja postojecih rudarskih prostorija, kao i
troskova za iste istaknuta je potreba da se
ovom problemu da znacaj koji mu u
rudarskoj struci i pripada. U primeni
navedene  tehnologije, posebno u
rudnicima metali¢nih mineralnih sirovina,
vode¢i izvoda¢ radova bio je RGP
»Vrdnik« koji je razvio postupak od
projektovanja, ugradnje, nadzora i
monitoringa sa svojim kadrom.
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2. OPSTE NAPOMENE O
PODGRADIVANJU
TEHNOLOGIJOM
PRSKANOG BETONA

Podgradivanje i osiguranje podzemnih
rudarskih prostorija prskanim betonom
(torketiranje) je postupak koji se sastoji u
nabacivanju cementnog maltera na stenu
pomocu vazduha pod pritiskom. U
rudarskoj praksi podgradivanje sa prskanim
betonom je naslo primenu ili kao
samostalna podgrada ili Sto je najcesci
sluaj u kombinaciji sa nekom drugom
podgradom. Kod kombinovanog
podgradivanja Cesto se koriste kombinacije:

eprskani beton - sidra

eprskani beton - Celicna mreza

eprskani beton - ¢elicna mreza- sidra

eprskani beton - ¢eli€na mreza- celicni
okviri

eprskani beton - ¢elicna mreza- sidra -

¢elicni okviri

Prskani  beton  primenjuje  se
samostalno u povoljnim geoloskim i
hidrogeoloskim uslovima radne sredine i
kod prostorija kod kojih su deformacije
konture neznatne. Pri ovome podgrada od
prskanog betona po svojoj nameni moze
biti zastitna i noseca.

Zastitna  podgrada  predstavlja  sloj
prskanog betona, debljine od nekoliko do 5
cm, naneSen po Citavoj povrSini iskopane
konture. Ova vrsta podgrade iskljucivo je
namenjena povrsinskoj zastiti stenske mase
od gubitka vlage i1 propadanja, kao i
povezivanja manjih komada stena i
spreCavanja njihovog ispadanja i osipanja.
Noseéa podgrada od prskanog betona ima
funkciju konac¢ne podgrade, jer je dokazano
da se sa povecanjem debljine nanetog
prskanog betona moze postici isti efekat kao i
kod ugradnje betonske podgrade. S obzirom
da je kod podgrade od prskanog betona
vezivanje betonske smese sa stenom 2 - 2,5
puta bolje nego kod monolitnog betona, kao i
da su mehanicke karakteristike nesto bolje,

to se u praksi i kod manjih debljina nanetog
sloja prskanog betona (u odnosu na beton)
postizu povoljniji ili isti efekti.

Bazina  filozofija  podgradivanja
prskanim betonom zasnovana je na
konceptu da stena koja okruzuje iskopni
deo prostorije postaje deo nosive
konstrukcije kroz aktiviranje nosivog
prstena.Staticki se rudarska prostorija
razmatra kao cev koja se sastoji od noseceg
prstena u stenskoj masi i podgrade.

Stenska masa je glavni nosivi element
rudarske prostorije, i kao takvu, nastoji se
odrzati njena ¢vrstoca koju je imala pre
iskopa. Ugradivanje podgrade treba uraditi
pravrovremeno, ni previse rano ni previse
kasno, i ne sme biti ni previse kruta ni
previse fleksibilna. Kruta i rano ugradena
podgrada izaziva visoka naprezanja, a
previse fleksibilna ili kasno ugradena
podgrada prouzrokuje kretanje stenske
mase S§to za posledicu ima visoka
naprezanja na podgradu. U kvalitetnoj i
dobro drzecoj stenskoj masi iskop moze
ostati duze nepodgraden, a u stenskoj masi
losijeg kvaliteta treba se $to pre izvrSiti
podgradivanje.

Primarna  (zaStitna) podgrada od
prskanog betona treba da stabilizuje masiv, a
sekundarna - noseca podgrada treba da
povecava sigurnost. Probleme stabilnosti
iskopa treba reSavati pojatavanjem primarne
podgrade (armaturne mreze, sidra....) a ne
njenim podebljanjem. Sekundarna obloga
prostorije takode ne treba biti debela 1 nije
pozeljno da se sile izmedu primarne i
sekundarne podgrade prenose trenjem.
Takode, pri podgradivanju vazi pravilo da
profil rudarske prostorije treba biti zaobljen
kako bi se izbegla koncentracija naprezanja
koja bi mogla izazvati slom stenske mase u
Siroj okolini.
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3. UGRADNJA PRSKANOG BETONA

Prskani beton ne zahteva nikakvu
posebnu pripremu, kao §to je priprema
oplate, montaza 1 demontaza iste.
Ravnomerno se nanosi na obraden profil i
na taj nacin obrazuje oblogu koja veé
nakon 2-3 sata posle nanoSenja dostize
&vrstoéu 0,8 N/em?, §to omogucava rad na
podgradivanju  celicnom  podgradom.
Cvrstoéa prskanog betona dostize i do 60
N/cm?, otpornost na zatezanje iznosi 5-15
N/em?,

Postoje dve metode ugradivanja
prskanog betona, u literaturi poznate kao:

- suvi postupak

- vlazan postupak

Kod suvog postupka meSavina agregata
i cementa sa dodatkom brzovezujuceg
sredstva transportuje se pneumatskim
putem, kroz cevovod kao suva meSavina sa
vodom pod pritiskom. Maksimalna veli¢ina
zrna je do 30 mm. Mesavina se transportuje
i ugraduje pod pritiskom 3-5 atm, a u
zavisti od veli¢ine zrna.

Suva smeSa materijala potiskuje se
komprimiranim vazduhom kroz cev
mlaznice, gde se vlazi vodom dovedenom
pomocu drugog creva. Navlazena smesa
izlazi iz mlaznice brzinom od 135-170 m/s
i nabacuje se na povrsinu.

Kvalitet nabacenog sloja prskanog
betona zavisi kako od izbora materijala
koji ¢e se nabacivati, od nacina rada
masSinom kojom se nabacuje prskani
beton, zatim od rukovanja mlaznicom i od
izbora brzovezujuc¢eg sredstva. U toku
nabacivanja sloja prskanog betona vodi se
racuna o slede¢em:

- formiranje sloja prskanog betona,

- postupak  nabacivanja  prskanog
betona,

- nagib povrsina koje se prskaju,

odstojanje mlaznice od povrsine,

ugao pod kojim se vrsi prskanje,

regulisanje dotoka vode u mlaznicu,

- maksimalnoj i minimalnoj debljinu
slojeva,

- proveri debljine nabacenog sloja i
kvalitet nabacivanja,

- temperaturi vazduha pri nabacivanja.

Formiranje sloja prskanog betona se vrsi
stalnim vrlo znacajnim udarcima zrnaca
agregata. Ovo se nabijanje vr$i ravnomerno
od sloja do sloja, a u tome i jeste
preimuéstvo nabijanja pomoc¢u mehanickog
nabacivanja. Tanki cementni sloj uslovljava
solidan spoj prskanog betona sa povrSinom
na koju se nabacuje 1 povecava
vodonepropusnost prskanog betona. Pri
nabacivanju nekoliko slojeva jedan na druge
stvara se takoder dobar spoj a
vodopropusnost betona se znatno povecava.

Pri nabacivanju prskanog betona
koristi se dizna sa priklju¢kom za vodu.
Regulisanjem dotoka vode reguliSe se
vodocementni faktor. Prskani beton se
nabacuje na povrsine koje po polozaju
mogu biti horizontalne i vertikalne.

- Nabacivanje na vertikalne povrSine:

Nabacivanje pocinje od temelja
vertikalne povrSine sa pokretanjem dizne
levo i desno i sa malim potiskivanjem
krugova. Po dovoljno nabacenom sloju,
postepeno se dizna podize navise, kada se
opet pokretom levo desno nabacuje dalja
povrsina. Pri ovom postupku potrebno je
da se izlaza¢i mlaz materijala uperi
upravno na povrSinu stene ili zida, sa
neSto viSe podignutim vrhom dizne.
Ovakvim nacinom drzanja dizne postizZe
se ravnomernije nabacivanje materijala i
ne dolazi do curenja materijala nanize.

Ako se nabacivanje prskanog betona
vrsi u vise slojeva potrebno je da se prvi
sloj stvrdne, pa tek onda nanositi drugi
sloj. Neispravno je da se slojevi nanose na
jo§ mnestvrdnuti sloj, jer tu dolazi do
vibriranja Citave nabaCene mase prvog
sloja i postoji opasnost da se taj prvi sloj

Broj 2,2012.

39

RUDARSKI RADOVI



odvoji od stene. Obi¢no se drugi sloj
nanosi posle 12 casova, a to vreme zavisi
od toga koliko ima cementa i vezivnog
sredstva u meSavini.

- Nabacivanje na horizontalne povrsine:

Pri nabacivanju prskanog betona na
horizontalne povrsine, treba voditi racuna
da se ne stvori odvajanje veéih zrna od
mase betona ispred i u pravcu kretanja i da
isti bude podjednako nabacivan na
povrsinu. Stoga treba i ovde prvo unapred
nabaciti tanji sloj, a zatim ga pokriti
zavrsnim slojem. Diznu treba drzati nesto
visSe uperenu prema ve¢ nabacenom
materijalu, pa se time otklanja izbacivanje
vecih zrna ispred sloja na povrsini.
- Postupak nabacivanja na celicnu
mreZu ili armaturu

Pri nabacivanju slojeva prskanog
betona gde se upotrebljava celicna mreza
ili armatura, postupak je isti kao i bez
armature, ali je potrebno da se nabacivanje
na zid ili stenu vrSi jednim slojem pre
postavljanja armature. Ovo se zahteva
zato §to armatura stvara izvesnu prepreku
prskanom materijalu, da ista pravilno
prione na zid ili stenu. Prskani materijal u
vecoj meri jednostano curi iza armature i
stvara se neispravan spoj izmedu zida ili
stena sa armaturom. Zbog udara zrna za
vreme prskanja dolazi do vibriranja Citave
postavljene armature. Ona se usled toga ne
spaja potpuno sa materijalom koji je ve¢ u
fazi vezivanja. Da bi se svi navedeni
nedostaci izbegli i da bi se postigao $to
bolji kvalitet, ¢vrsto¢a i dobra zaptivenost,
potrebno je da se nakon prvog nabacenog
sloja odmah postavi i armatura utisne u taj
sloj. Nakon 10-12 ¢asova posle vezivanja,
ovako nabacenog sloja i postavljene
armature, prska se drugi sloj, te ako je
potrebno i vise slojeva, ali sa vremenskim
razmacima radi stvrdnjavanja.

Kod svih polozaja stena i zidova dizna
se drzi upravno na povrsinu, jer kod kosog
drzanja dizne postotak odskoka je vedéi.

Diznu treba uvek voditi sa premestanjem
polozaja stanja, levo-desno, a nikako je ne
pokretati iz centra stajanja.

Smatra se da se na svakom nanesenom
sloju nakon njegovog stvrdnjavanja
pojavljuju pukotine i to kod debljih
slojeva u vecoj meri, te ako se prskanje
izvodi u vise slojeva pukotine se pokrivaju
drugim nanesenim slojem i zaptivenost je
bolja. Ugao pod kojim se vrsi nabacivanje
prskanog betona treba da je uvek priblizno
upravan na povrSinu na koju se nanosi
prskani beton. Rastojanje mlaznice treba
prilagoditi zavisno od krupnoce zrna, tako
da odskok bude najmanji.

- Regulisanje vode u mlaznici

U toku rada treba stalno regulisati
doticaj vode u mlaznicu. Kad se masa
nabacuje na stenu, ona ima karakteristi¢an
mastan sjaj, ako je propisno nakvasena.
Nedostatak vode ogleda se u vidu suvih
mrlja, a kod viska vode prskani beton curi.
Posebno treba voditi rauna da je ¢évrstoca
prskanog betona zavisna od
vodocementnog faktora, te je potrebno
dodavati Sto manje vode, odnosno samo
onoliko koliko je neophodno da prskani
beton dobro prilegne na povrSinu koju
pokriva.

- Izbor materijala i kontrola kvaliteta
betona

Da bi prskani beton zadovoljio zahteve
nuzno je izvrsiti predhodna ispitivanja
sastavnog materijala: agregata, cementa,
vode i brzovezujuceg dodatka.

AGREGAT: Pesak treba da bude
ostrouglast, Cist od Stetnih sastojaka, kao
npr. zemlje, uglja, gline, soli i kiselina.
Pored toga, treba da je otporan na mraz. S
druge strane, materijal ne sme da bude
suviSe mokar, maksimalno 5% vlage da bi
se spreCilo vezivanje cementa unutar
masine koje moZze da prouzrokuje smetnje.

CEMENT: Za vezivna sredstva
upotrebljavaju se svi normalni cementi, kao
i specijalni cementi. Koji cement treba
izabrati zavisi od trazenih Cvrstoca.
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Nacelno treba upotrebljavati uvek svez
cement. U svemu ovome najbolje su se
pokazali portland cementi. Odnos meSavine
u tezini lezi po pravilu izmedu 1:3 1 1:6.

VODA: Znacaj vode za spravljanje
prskanog betona se obino pocenjuje.
Cvrstoéa vode je od velike vaznosti, jer se u
suprotnom ugrozava ¢vrstoca betona, ili ¢ak
sprecava pravilno vezivanje. Upotrebljavaju
se vode iz vodovoda i sve prirodne koje nisu
zagadene. Ako postoji sumnja na Cistocu,
vodu treba dati na ispitivanje, jer i kod
bistrih voda moze postojati necistoca koja
beton hemijski ostecuje.

DODACI ZA UBRZAVANJE VEZI-
VANJA: Kod podzemnih radova je
neophodno potrebno da se prskani beton
posle nabacivanja trenutno stegne i da pocne
vezivanje. Ve¢ nakon nekoliko ¢asova mora
veci deo da postigne krajnju ¢vrstocu, da se
ne bi za drugim nabacivanjem cekalo
danima. To se postize dodavanjem speci-
jalnih dodataka koji pospeSuju brzo vezi-
vanje prskanog betona. Ova sredstva,
dodaci, moraju predhodno biti ispitana, kako
ne bi nepovoljno uticali na cement koji se
upotrebljava. Doziranje tih  sredstava
potrebno je predhodno utvrditi. Vazno je da
se brzovezujuée sredstvo dodaje prskanom
betonu neposredno pred samo nabacivanje
prskanog betona.

- Odredivanje recepture za prskani beton
Za spravljanje projektovane marke
prskanog betona MB-30 upotrebljavaju se

sledece koli¢ine materijala:
1. CEMENT PC 450 (350)

400,00 kg/m’
2. AGREGAT
- I frakcija agregata
60% x 1800 kg/m’ = 1296,00 kg/m’

II frakcija agregata

40% x 1800 kg/m’= 864,00 kg/m’

%:0,20, prema tome, maksimalna

koli¢ina vode za spravljanje 1,00 m’

betona iznosi 200 ¢/m’> .

Ukoliko se beton nanosi u dva sloja, a
koje je potrebno nanositi brzo jedan za
drugim, potrebno je upotrebljavati i
dodatak za brzo vezivanje prskanog betona.
Doziranje brzovezujuéeg dodatka vrsi se u
skladu sa preporukom proizvodaca. Suva
smeSa treba da sadrzi cca 5% vlage (
agregat ne sme biti sasvim suv.)

Za izvodenje radova  prskanim
betonom u jami koristi se najéesce sledeca
oprema:

1. Pumpa za prskani beton

2. Prikljuc¢ak za cevovod komprimi-

ranog vazduha
Vagoni za transport suve mesavine

. Lokomotiva za transport vagona sa
potrebnim materijalom

S.

Mesalica za beton

4. ZAKLJUCAK

Sistem osiguranja i podgradivanja
rudarskih prostorija u podzemnim rudnicima
Srbije iziskuje potrebu unapredenja i
uvodenja novih resenja, kako bi se uticalo na
sigurnost 1 sniZzenje troSkova izrade i
odrzavanja. SadasSnji sistemi podgradivanja
sa Celicnim okvirima, odnosno drvenom
podgradom su dosta skupi i odlikuje se
visokim uce$¢em radova rekonstrukcije.

Analizom wuslova radne sredine u
aktivnim rudnicima 1 sagledavanjem
tehnologije ugradnje prskanog betona
doslo se do saznanja da se ova tehnologija
moze uspe$no primeniti u odredenim
slu¢ajevima.
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TECHNOLOGY OF SPRAYED CONCRETE LINING IN SUPPORT OF
UNDERGROUND MINING FACILITIES

Abstract

This work gives a technology of sprayed concrete lining (guniting) at the stage of supporting
and securing the underground mining facilities during their construction or reconstruction. This is
a contribution to the improvement of this technological stage and providing the information to the
professional community about the need for its wider use.

Keywords: mine, coal, support, concrete

INTRODUCTION

Supporting and securing the under-
ground mining facilities is an extremely
complex problem in the coal mines, both
from the security and economic aspects.
Basically, the mining experts have the
problem how to support rationally a min-
ing room in a development stage and to
maintain its functionality for the estimated
time of use with minimum costs. Under
the conditions of underground coal mines
in Serbia, the geotechnical conditions are
very complex, and in terms of construc-
tion and supporting the facilities, the
change of working environment is very
frequent, which initiates a need to adapt
the operation technology and use differ-
ent system of supporting. Now, in the un-
derground coal mines in Serbia, more than
6000 m of mining facilities annually are

* JP PEU Resavica
Mining and Metallurgy Institute Bor
*** Mine of Brown coal

developed, with the dominant support
systems with semi steel arch frames with
wooden trapezoid support. Hence, only
different spacing support frames and
change the profile of facilities has been
seeking to maintain the functionality of
underground rooms. According to the
available data in 2011, in the mine pits of
JP PEU, the rooms were reconstructed to
the extent of about 2000 m, which is very
high expense, in terms of material costs
and labor, hiring of equipment and lost
coal production from the stope.

A detailed analysis of the working
conditions in the existing active mines and
an adequate amount of new development
and maintenance the existing mining fa-
cilities, as well as costs for the same,
needs to address the importance to this
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issue that belongs to it in mining profes-
sion. In the use of this technology, particu-
larly in the mines of metallic mineral re-
sources, the leading contractor was RGP
"Vrdnik" that developed the procedure
from design, installation, supervision and
monitoring with its staff.

2. GENERAL NOTESON SUPPORT
USING THE TECHNOLOGY OF
SPRAYED CONCRETE

Supporting and securing the under-
ground mining facilities using sprayed
concrete (guniting) is a procedure which
consists in lining the cement mortar on a
rock using the compressed air. In mining
practice, supporting with sprayed concrete
has found its use or as an independent
support or, what is the most common case,
in a combination with some other support.
The following combinations are often
used in combined support:

e Sprayed concrete - anchors

e Sprayed concrete - steel mesh

e Sprayed concrete - steel mesh -

anchors

e Sprayed concrete - steel mesh- steel

frames

e Sprayed concrete - steel mesh -

anchors - steel frames

Sprayed concrete is applied independ-
ently in favorable geological and hydro-
geological conditions of the working envi-
ronment and facilities where contour de-
formations are slight. In this, the support
of sprayed concrete may be protective and
supporting.

The protective support is a layer of
sprayed concrete, thickness from a few to
5 cm, applied over the entire surface of the
excavated contour. This type of support is
only intended to the surface protection of
rock mass from moisture loss and decay,
and connection of smaller pieces of rocks
and prevention their falling and dropping.
Supporting reinforcement of sprayed con-
crete is a function of the final support,

because it was approved that with increas-
ing thickness of sprayed concrete, the
same effect can be achieved as with instal-
lation of concrete support. Since bonding
of sprayed concrete support with concrete
mixture with rock is 2 to 2.5 times better
than that of monolithic concrete, and me-
chanical properties are slightly better, in
practice, with smaller thicknesses of
sprayed concrete layer (with respect the
concrete), the same or better effects are
attained.

The basic philosophy of supporting by
sprayed concrete is based on a concept
that the rock surrounding the excavation
part of the room becomes a part of the
supporting structure by activating the
bearing ring. Statically, the mining room
is considered as a tube that consists of a
bearing ring in the rock mass and support.

Rock mass is the main bearing element
of the mining room, and as such, it seeks to
maintain its strength that it had prior to
excavation. Fitting the roof support has to
be done on time, neither too early nor too
late, and neither too rigid nor too flexible.
Rigid and early built support causes high
stress, and too flexible or too late built sup-
port causes the rock mass movement which
results in high stresses on support. In the
quality and well stable rock mass, the ex-
cavation can stay longer unsupported, and
in the poor quality rock mass, supporting
should be made as soon as possible.

The primary (safety) support of
sprayed concrete should have to stabilize
the massive, and the secondary - bearing
support should have to increase security.
Excavation stability problem should be
solved by increasing the primary support
(mesh, anchors, etc.) and not by its bold-
ing. The secondary lining of the room
should not be too thick and it is not desir-
able that the forces between the primary
and secondary roof supports are trans-
ferred by friction. Also, during supporting,
there is a rule that the profile of mining
room should be rounded to avoid stress
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concentration that could cause a collapse
of rock mass in the vicinity.

3. SPRAYED CONCRETE LINING

Sprayed concrete does not require any
special preparation, such as the prepara-
tion of formwork, assembly and disas-
sembly thereof. Uniformly applied to the
processed profile and thus forms a lining
that after 2-3 hours after application
reaches strength of 0.8 N/ecm? allowing
the supporting of the steel support. The
strength of sprayed concrete reaches up to
60 N/cm?’ and tensile strength is 5-15
N/em?,

There are two methods of placing the
sprayed concrete, as known in the litera-
ture:

- dry process

- wet process

In dry process, the mixture of aggregate
and cement with the addition of quickly
binding agent is transported by pneumati-
cally, through the pipeline as a dry mixture
with water under pressure. Maximum grain
size is 30 mm. The mixture is transported
and sprayed under pressure of 3-5 atm, and
depending on a grain size.

Dry mixture of materials is pushed by
compressed air through a pipe of nozzle,
where it is wetted by water supplied by
another water hose. Wet mixture exits
from the nozzle at rate of 135-170 m/s and
sprayed on a surface.

Quality of lined layer of sprayed con-
crete depends on a material selection that
will be sprayed, the way of machine op-
eration which threw the sprayed concrete,
then the handling with nozzle and selec-
tion of quicly binding agent. During
throwing a layer of sprayed concrete, the
following shall be paid:

- Forming the layer of sprayed
concrete,
- Process of sprayed concrete

throwing,
- Slope of sprayed surfaces,

- Distance of nozzle from surface,

- Angle of spraying,

- Regulation of water flow in the nozzle,

- Maximum and minimum thickness
of layers,

- Checking the thrown layer thickness
and quality of throwing,

- Air temperature at throwing

Formation of sprayed concrete layer is
done by constant very important blows of
aggregate grains. This compaction is car-
ried out uniformly from layer to layer, and
that is the advantage of mechanical com-
paction by throwing. A thin layer of ce-
ment causes a solid binding of sprayed
concrete to the surface of throwing and
increases the water non-permeability of
sprayed concrete. In throwing a few layers
on each other, also a good bonding is cre-
ated, and water permeability of concrete
increases significantly.

A nozzle with water connection is used
in throwing the sprayed concrete. Water
flow is regulated by water-cement factor.
Sprayed concrete is thrown on the sur-
faces of horizontal or vertical positions.

- Throwing on vertical surfaces:

Throwing starts from the foundation of
vertical surface with nozzle movement left
and right and small pushing of circles.
After enough thrown layer, the nozzle
gradually raises upward when further area
is thrown by the left and right movements.
In this method, it is necessary to spray the
jet of spraying material perpendicular to
the surface of rock or wall, with a slightly
more elevated nozzle tip. This type of
nozzle posture is achieved by more uni-
formly spraying of material and without
leakage of material down.

If throwing of sprayed concrete is done
in many layers, it is required that the first
layer is hardened and then applies the sec-
ond layer. Incorrectly that the layers are
applied onto unhardened layer, because
that leads to vibration of the whole
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sprayed mass of the first layer and there is
a danger is that this first layer is separated
from the rocks. Usually, the second layer
is applied after 12 hours and this time de-
pends on how much cement and binding
agent are in the mixture.

- Throwing on horizontal surfaces:

In throwing of sprayed concrete on
horizontal surfaces, the care should be
taken not to create a separation of large
grains from concrete mass in front and in
a direction of movement and that the same
is equally thrown on the surface. There-
fore, the first pre-thin layer has to be
thrown here and then cover it by final
layer. Nozzle needs to keep a little more
directed towards already sprayed material,
and it removes the ejection of larger grains
in front of the layer on the surface.

- Procedure of throwing on a steel
mesh or reinforcement

In throwing the sprayed concrete layers
where steel mesh or reinforcement is used,
the procedure is the same as without rein-
forcement, but it is necessary to throw on a
wall or rock in one layer before placement
the reinforcement. This is required because
the reinforcement creates the certain barrier
to the sprayed material and proper adhering
of the same on the wall or rock. Sprayed
material to a greater extent simply leaks
behind the reinforcement and a faulty con-
tact is created between the wall or rocks
with reinforcement. Due to the impact of
grain during the spraying occurs, the entire
set reinforcement vibrates. Due to this, it
does not connect fully with the material
already in the binding phase. To avoid all
these disadvantages and to achieve better
quality, strength and a good seal, it is nec-
essary, after the first sprayed layer, to set
up immediately reinforcement and to fit the
reinforcement into this layer. After 10-12
hours after binding, such thrown layer and
set reinforcements, the second layer is
sprayed, and if multiple layers are required,
but with the intervals for hardening.

With all positions of rocks and walls,
the held nozzle is held perpendicular to the
surface because with the sloping holding, a
percentage of jumps is higher. Nozzle
should always be led with the position
movement of conditions left-right, and does
not run it from the center of condition.

It is considered that at each applied
layer after its hardening, the cracks occur,
and also at thick layers to a greater extent,
and if the spraying is performed in multiple
layers, the cracks are covered with the sec-
ond sprayed layer and the sealing is better.
Angle of concrete spraying should always
be approximately perpendicular to the sur-
face to which the sprayed concrete is ap-
plied. Distance between nozzles should be
adjusted depending on the grain size, so the
jumps are minimal.

- Regulation of water in the nozzle

During the work, the water flow into noz-
zle has to be constantly regulated. When the
concrete is thrown on the rock, it has a char-
acteristic greasy luster, if it is properly wetted.
Lack of water is reflected in the form of dry
spots, and with the excess of water, the
sprayed concrete leaks. It should take into
account the strength of sprayed concrete de-
pending on the water cement ratio, and the
need to add less water, or only to the extent
necessary to well lining of sprayed concrete
on the surface that it covers.

- Selection of materialsand quality
control of concrete

It is necessary to carry out the previous
testing of constitutive material: aggregate,
cement, water and quickly bonding addi-
tive, as the sprayed concrete could satisfy
the requirements.

AGGREGATE: Sand should be
sharply angular, free of harmful ingredi-
ents, such as soil, coal, clay, salts and
acid. In addition, it should be resistant to
frost. On the other hand, the material must
not be too wet, maximum 5% of moisture
to prevent the binding of cement inside the
machine that can cause interference.
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CEMENT: All normal cements and
special cements are used as binders. A
type of cement that should be chooses
depends on the required strengths. In prin-
ciple, the fresh cement has to be always
used. In all of this, the Portland cement
has proved as the best. Mixing ratio by
weight is generally between 1:3 and 1:6.

WATER: The importance of water for
making the prayed concrete is usually
underestimated. Hardness of water is of
great importance, because otherwise it
jeopardizes the strength of concrete, or
even prevents proper bonding. Tap water
and all natural non-polluted water are
used. If there is doubt on the purity, the
water should be analyzed, because the
clear water could have the impurities that
can chemically damage the concrete.

ADDITIVES FOR  QUICKLY
BONDING: In the ground works, it is nec-
essary that the sprayed concrete after throw-
ing is instantly hardened and starts with
bonding. After a few hours, the most of con-
crete has to reach the ultimate strength, not
to wait for days to the other spraying. waited
for days. This is achieved by adding the
special additives that promote quickly bond-
ing of sprayed concrete. These additives
must be pre-tested, so as not to have adverse
effect to the used cement. Dosage of these
additives must be previously determined. It
is important that quickly bonding additive is
added to the sprayed concrete immediately
before throwing of sprayed concrete.

- Determination of a recipefor
sprayed concrete

For making the designed brand of
sprayed concrete MB-30, the following
amounts of materials are used:

1. CEMENT PC 450 (350)

400.00 kg/m’

2. AGGREGATE

- I fraction of aggregate

60% x 1800 kg/m’= 1296.00 kg/m’
- II fraction of aggregate
40% x 1800 kg/m’= 864.00 kg/m’

< =0.20, therefore, maximum quantity

of water to make 1.00 m® of concrete is

200 ¢/m>.

If concrete is applied in two layers,
which need to be applied quickly one after
the other, it is necessary to use an additive
for quickly bonding of sprayed concrete.
Dosage of quickly binding additive shall be
in accordance with the manufacturer rec-
ommendation. Dry mixture should contain
about 5% moisture (aggregate must not be
completely dry).

For implementation the works with
sprayed concrete in the mine, the follow-
ing equipment is mostly used:

1.Pump for sprayed concrete

2.Connection for compressed air piping

3.Wagons for transport of dry mixture
4.Locomotive for transport of wagons
with necessary material

5.Concrete mixer

CONCLUSION

System of insurance and supporting
the mining facilities in the underground
mines of Serbia requires the need to im-
prove and introduce the new solutions in
order to affect the safety and reduction of
manufacturing and maintenance costs. The
current systems of supporting with steel
frames and wooden roof supports are quite
expensive and characterized by high per-
centage of reconstruction works.

Analyzing the working conditions in the
active mines and considering the technology
of lining the sprayed concrete have resulted
into knowledge that this technology can be
successfully applied in certain cases.
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TEHNOLOSKI POSTUPCI POVECANJA STEPENA ISKORISCENJA
TOPLOTNE VRIJEDNOSTI UGLJA KAO ENERGETSKOG RESURSA
LEZISTA GACKO

Izvod

U radu su opisani idejni tehnoloski postupci pripreme i prerade uglja eksploatsanog sa leZista
Gacko (Republika Srpska) u cilju pocecanja stepena iskoristenja toplotne vrijednosti energetskog
goriva za potrebe termoelektrane Gacko. Ugalj koji se otkopava sa lezista uglja Gacko isporucuje
se kao energetsko gorivo za potrebe termoelektrane Gacko, kao i za potrebe komercijalne
potrosnje. Od ukupno proizvedenih kolicina uglja sa povrsinskog kopa, koje na godisnjem nivou
prosjecno iznose 2,2 Mt, za potrebe termoelektrane Gacko isporuci se 97% a za komercijalnu
potrosnju 3%. U toku dosadasnje eksploatacije, (1983-2012), evidentirana su odstupanja u
pogledu rezultata toplotne vrijednosti uglja dobijenih detaljnim geoloskim istraZivanjima i
rezultata dobijenih laboratorijskim analizama na dozatorima termoelektrane Gacko. Prosjecna
toplotna vrijednost uglja, lezista Gacko, dobijena geoloskim istrazivanjima iznosi 10,2 MJ/kg.

Leziste uglja Gacko je slozene geoloske grade a ugljeni slojevi su raslojeni znatnim brojem
Jjalovih proslojaka debljine od 0,2 do 0,5 m. Selektivnom eksploatacijom otkopavaju se proslojci
meduslojne jalovine debljine veée od 0,2 m, a svi manji proslojci se otkopavaju zajedno sa
ugliem. Ovim tehnoloSkim rjesenjem selektivne eksploatacije ne postizu se optimalni ekonomski
efekti iskoristenja ugljene materije iz lezista. Za termoelektranu Gacko isporucije energetsko
gorivo topletne vrijednosti 8-8,5 MJ/kg, i ista je manja u odnosu na projektovane parametre
kotlovskog postrojenja termoelktrane Gacko (9,2MJ/kg). Tehnoloskim postupcima oplemenjivanja
i klasiranja uglja povecala bi se toplotna vrijednost uglja u odnosu na eksplotacione uslove.

Kljucne rijeci: ugalj, toplotna vrijednost, struktura sloja, tehnoloski tip, prerada uglja,
oplemenjivanje, klasiranje.

UvOoD

Ugalj je veoma sloZzena mjeSavina
minerala i macerala, nastao pod uticajem
veoma neujednacenih prirodnih procesa.
Priroda je izmjeSala ova dva elementa u
praistoriji, prije mnogo miliona godina.

svih ostalih fosilnih goriva, jedan od najvec¢ih
izvora energije na svijetu. Vecina ugljeva u
svijetu ima upotrebnu vrijednost prije svega
kao energent. Pri tome sa stepenom karboni-
fikacije raste energetska mo¢ uglja svedena

Ugalj je, sa rezervama ve¢im od rezervi na jedinicu mase. Ali, ugalj gotovo
* Rudnik i TE Gacko, Industrijska zona bb., e-mail:rtegac29@teol.net

** [nstitut za rudarstvo i metalurgiju Bor, Zeleni bulevar 35
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nikad ne dolazi ¢ist u zemljinoj kori. Ima
vise materija koje su s ugljenom supstancom
jo$ od njegova nastanka pomijesane i koje
mu smanjuju energetsku mo¢ (balasti) ili
djeluju zagadujuée na okolinu. Operacije
vezane za upotrebu uglja, kao Sto su:
iskopavanje, transport, skladistenje, sago-
rijevanje u termoelektranama i odlaganje
jalovine, sve redom zagaduju Zivotnu
sredinu. Sagorijevanjem uglja u atmosferu
se oslobadaju ugljen dioksid, sumpor
dioksid, azotni oksidi, jedinjenja zive, olova
i arsena, te ¢ad.

Zbog ¢ega odstranjujemo balastne ma-
terije, prije svega pepeo? Nitko ne zeli
kupiti kamenje, glinu ili sliécne komponente
u uglju. Ne samo da ih placa, ve¢ mora
platiti i njihov transport, skladistenje, do-
davati u lozista, a kasnije odstraniti $ljaku i
pepeo, a sve to poskupljuje termicku jedi-
nicu energije. Pepeo, nesagoriva mineralna
materija koja ostaje poslije sagorijevanja
uglja u direktnoj je zavisnosti od specificne
gustine. Sto je niZa gustina to je nizi sadrzaj
pepela i obratno. Jedan od uslova pobolj-
Sanja kvaliteta uglja podrazumjeva sma-
njenje sadrzaja pepela.

Autor ovog rada pokusava dati svoj do-
prinos u nastojanjima da se iznade rjeSenje
za dugogodisnju problematiku koja se od-
nosi na kvalitet uglja gatackog ugljenog
basena. Za razliku od dosada$njih razmi
§ljanja koja su iSla su prije svega u pravcu
izbora optimalne tehnologije na otkopavanju
uglja, Sto podrazumijeva primjenu selek-
tivnog otkopavanja, u ovom radu je dat pri-
jedlog tehnoloskih postupka pripreme i
prerade uglja gatackog ugljenog basena

primjenom ve¢ pozntih  tehnologija.
Analizirajuéi  geolosko - mineraloske
karakteristike uglja gatackog ugljenog

basena, doslo se do zakljucka da postoji
realna predpostavka da se isti moze

uspje$no  oplemenjivati  gravitacijskim
metodama, S$to je naravno potrebno i
nauc¢no dokazati.

UGALJ GATACKOG UGLJENOG
BASENA KAO ERMOENERGETSKO
GORIVO

Ugalj gatackog ugljenog basena kao
energetsko gorivo definisan je putem
klasi¢nih imedijatnih analiza. Medutim,
rezultati takvih istrazivanja ¢esto odstupaju
od onih koji su provjereni u praksi. Istra-
zivanja kvaliteta uglja su izvedena na nacin
koji nije prilagoden zahtjevima selektivne
eksploatacije. Pri tome nisu precizno de-
finisane ni partije niske toplotne wvri-
jednosti, kakve su glinoviti ugalj ili
ugljevite gline, koje isto tako smanjuju
toplotnu vrijednost uglja. Sve je to direktno
uticalo na slabo odvajanje proslojaka
jalovine iz uglja i umanjenje njegove
toplotne vrijednosti. Dokaz za to su istra-
zivanja kvaliteta uglja na glavnoj deponiji
termoelektrane. Toplotni efekat Cistog uglja
za cijeli ugljeni basen, dobijen ponde-
risanjem preko masa i duzina prikazan je u
tabeli 1. Odredeni koeficijent varijacije
ukazuje na to da je lezite ravnomjerno sa
aspekta toplotne vrijednosti [4].

Tabela 1. Toplota vrijednost cistog uglja

Toplotna Koeficijent
i KJ/kg | Keal’kg | varijacije
vrijednost jacl
sadrZaja
GTE 11497 2 746 10, 53
DTE 10 174 2 430 11, 40

Prosjecan ponderisani sadrzaj pepela za
cijeli ugljeni basen iznosi 16,61 %, a koefi-
cijent varijacije sadrzaja iznosi 32,39 %.
Minimalan srednji sadrzaj pepela utvrden je
u glavnom ugljenom sloju i iznosi 13,99 %,
a max u donjem trakastom ugljenom nivou
u iznosu 24,49 %.

Broj 2,2012.

RUDARSKI RADOVI



Hemijska analiza pepela uglja ukazuje
na njegov razli¢it hemijski sastav po ugl-
jenim slojevima. Izrazene razlike hemi-
jskog sastava pepela uglja po slojevima
upucuju da ovaj parametar mora biti
postovan pri koriS¢enju uglja u ter-
moenergetske  svrhe, nacinu odslja-
kivanja, te pri planiranju dinamike ot-
kopavanja uglja u cilju obezbjedenja nje-
govog Sto  konstantnijeg  hemijskog
sastava, da bi se smanjili poremecaji u
radu kotlovskog postrojenja.

Veoma znacajan kvalitativni poka-
zatelj uglja Gatackog ugljenog basena je
njegova meljivost, odnosno lakoc¢a sa ko-
jom se moze dovoljno fino usitniti, da bi
se mogao koristiti kao pulverizirano
gorivo. Laboratorijski test meljivosti,
preko koga se dolazi do koeficijenta mel-
jivosti uglja, od odlucujuéeg je znacaja pri
izgradnji mlinova za usitnjavanje uglja,
zatim za pravilno vodenje procesa
mljevenja, kao i za ispravno konceptiranje
i konstruisanje kotlova za lozenje uglje-
nim prahom. Dobijeni rezultati ispitivanja
meljivosti uglja po metodi Hardgrove
ukazuju da je ugalj sva tri ugljena sloja
Gatackog ugljenog basena teSko meljiv.

Prioritetni potrosa¢ uglja sa PK
,,Qracanica” je TE, instalisane snage 300
MW, tako da se kapacitet povrsinskog kopa
i kvalitet otkopanog uglja definiSe prema
potrebama TE. Ispitivanjem kvaliteta uglja
utvrdeno je da se kreée u rasponu od 7.296
do 13.700 KJ/kg, tako da je poznat i
moguéi raspon kvaliteta otkopanog uglja.
Na osnovu podataka isporucioca opreme,
za blok snage 300 MW, ukljucujuéi i
gubitke, specificna potro$nja toplote je
9.837 KJ/KWh, odnosno, potrebna
potro$nja uglja za te uslove iznosi 305 t/h.
Na godisnjem nivou za fond od 6.000 h
rada TE, potreban kapacitet povrSinskog
kopa iznosi 1.830.000 t/god. Posto je
godiSnji kapacitet prateih (mlinskih)
postrojenja TE 2.200.000 t/god., minimalna
prosjeéna DTE uglja za taj kapacitet iznosi
8.182 KJ/kg.

Od samog pocetka rada na PK “Gra-
canica”, prisutan je problem eksploatacije
uglja sa velikim uceS¢em jalovine, Sto
znatno smanjuje snagu kotlovskog postro-
jenja TE i povecava koli¢inu pepela koji
odlazi u atmosferu i zagaduje covjekovu
okolinu. U zavisnosti od vrste jalovine,
smanjenje toplotnog efekta je razliCito i za
1 % razblazenja iznosi:

e zuti laporac smanjuje toplotni efekat

za 122 KJ/kg,

e sivi laporac smanjuje toplotni efekat

za 77,98 KJ/kg,

e glinoviti laporac smanjuje toplotni

efekat za 67,26 Kl/kg.

Ovo se objasnjava poveéanim uéeS¢em
karbonatne komponente u odredenoj vrsti
laporca. Sa porastom karbonata u laporcu,
ostvaruje se pad toplotne mo¢i uglja kao
goriva. Takozvani zuti laporci, koji
najviS§e uticu na smanjenje toplotne
energije, sadrze najviSe CaCOj;, S§to se
automatski odrazava na ve¢em smanjenju
toplotne energije po jedinici uces¢a. Na
suprot tome, glinoviti laporci sadrze svega
oko 40% CaCOs; i najmanje utiCu na
smanjenje toplotne energije.

PRIMIJENJENE TEHNOLOGIJE
OTKOPAVANJA UGLJA SA
LEZISTA GACKO

Osnovni aspekti iskoriStavanja posto-
jecih rezervi uglja, u cilju dobijanja kvalitet-
nog goriva za termoelektranu zahtjevaju vrlo
ozbiljan pristup, kako bi se se dobili adek-
vatni, maksimalno racionalni tehnoloski
procesi proizvodnje i sagorjevanja uglja.
Imajué¢i u vidu da je ugalj heterogena si-
rovina, da se iz istog sloja njegov sastav i
osobine mogu razlikovati, postoji potreba da
se tehnoloskim rjeSe-njima i postupcima
dobijaju Sto ujednacenije i kvalitetnije karak-
teristike.

1z tih razloga sva problematika vezana
za obezbjedivanje garantovanog kvaliteta
uglja kao goriva za TE Gacko, postizanja
nominalnog kapaciteta i pouzdanosti rada
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kotlovskog postrojenja se usmjerava na
iznalazenje tehnoloskih rjeSenja u cilju
poboljsanja i ujednacavanja kvaliteta ot-
kopanog uglja koji jako varira. Sva dosa-
dasnja razmisljanja iSla su prije svega u
pravcu izbora optimalne tehnologije na
otkopavanju uglja, $to podrazumijeva prim-
jenu selektivnog otkopavanja. Ugalj u
lezistu gatackog basena je slozene geoloske
grade, raslojen znatnim brojem jalovih
proslojaka male mocnosti i zbog toga,
veoma nezahvalan u pogledu kvaliteta, za
eksploataciju i pripremu za potrebe sagor-
jevanja u termoelektrani. Primjena rotornog
bagera ER-1250 16/1.5, na selektivnom
izdvajanju jalovih proslojaka u uslovima
gatackog ugljenog basena je do sada bilo
skoro nemoguéa, jer se ne dobija ugalj
odgovarajuceg kvaliteta.

Primjena rotornog bagera ER-1250
16/1.5, na selektivnom izdvajanju jalovih
proslojaka u uslovima gatackog lezista je
do sada bilo skoro nemoguca, jer se ne
dobija ugalj odgovarajuéeg kvaliteta. Kod
primjene rotornog bagera, veli¢ina reza
mora biti najmanje 0,7 precnika rotora, da
bi se postigao optimalni kapacitet. To je
uticalo da se odustane od ovog i pristupi
traZzenju novog resenja.

Primjenu bagera kaSikara takode
ograniava nemogucnost  selektivnog
izdvajanja jalovih proslojaka male moc-
nosti, $to bitno umanjuje toplotnu vrijed-
nost uglja. Sa bagerima kasikarima, jalovi
proslojci male debljine se najcesce ot-
kopavaju zajedno sa ugljem i transportuju
direktno do elektrane.

Primjena otkopne masine Wirtgen SM
2100 sastoji se u otkopavanju mineralne
sirovine u tankim horizontalnim slojevima
do 0,20 m, pomoc¢u radnog valjka sa spi-
ralno rasporedenim nozevima. Iako se, u
poredenju sa hidraulicnim bagerima
kaSikarima, radi o maSini sa velikim
mogucénostima u selektivnom radu, ona
proizvodi ipak znaéajne gubitke, jer je
prakticno nemogucée izdvojiti proslojak
jalovine, a da pri tome odredene koli¢ine

uglja ne budu otkopane s njim. Naravno,
javlja se i problem razblazenja jer je
nemoguce otkopati ugalj koji zalijeze pod
odredenim uglom S$to je cest slucaj u
leziSnim uslovima na terenu, a da neke
koli¢ine jalovine ne budu otkopane sa
njim.

Imajuéi u vidu ovu ¢injenicu, kao i
to:

e da se otkopnim masinom WIRTGEN

ipak daje samo dio proizvodnje uglja
(25 %), a ostatak se dobija
hidrauli¢énim bagerima,

e da se ne mozemo potpuno osloniti ni
na faktor ,,rukovaoca”, pogotovu pri
radu u noénim smjenama i loSim
vremenskim uslovima,

eda se u ,Cistom” wuglju nalaze
proslojci 1 ugljevitog  lapora,
laporovitog uglja, ugljevite gline,
manje toplotne vrijedosti, i proslojci
jalovine debljine do 0,2 m koji se
selektivno ne odvajaju,

e da je zalijeganje ugljenog sloja pod
padnim uglom od 70 — 90,

dolazi se do zakljucka da je prakti¢no
nemoguce obezbijediti kvalitet ,,Cistog”
uglja, ve¢ moraju postojati i odredena raz-
blazenja, zbog primjesa meduslojne ja-
lovine koja se otkopava zajedno sa ,,Cistim”
ugljem.

U svim ovim slucajevima, kada se ne
izvr$i kvalitetno odvajanje jalovine ili
jalovinskih proslojaka, nastaju izmedu
ostalih i dodatni troskovi: otkopavanja i
transporta jalovine do elektrane, elektri¢ne
energije koja se trosi na mljevenje uglja,
vezani za habanje mlinskih postrojenja,
prouzrokavani gubitkom toplotne energije
na sagorjevanje jalovine, transporta pepela
do deponije i deponovanja pepela, a osim
toga, Cesto odstupanje karakteristika uglja
od garantovanog kvaliteta, ima negativan
uticaj na stabilan rad termoelektrane.

Obezbjedenje karakteristika uglja, u
odredenim granicama, moguce je ostvariti
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postupcima ujednacavanja karakteristika
uglja homogenizacijom. Kvalitet postupka
homogenizacije, izmedu ostalog zavisi od:
o kvalitetnog dijagnosticiranja
kvaliteta uglja u lezistu,
e kontinualnog pradenjem kvaliteta

uglia u toku samog procesa
proizvodnje,

o tehnologije otkopavanja uglja u
lezistu,

e planiranja dinamike otkopavanja,
koje se vode u skladu sa dijagno-
sticiranim kvalitetom uglja.

I pod uslovom da se svi navedeni
zahtjevi ispune, postupkom homogenizacije
ipak ne mozemo odstraniti jalovinu koja nije
ranije izdvojena selektivnim radom na
dobijanju uglja. Osim toga, sve podobnosti
koje deponija pruza u energetskom
kompleksu mogu biti znatno umanjene, ako
se ne vodi pravilna tehnologija deponovanja
i uzimanja i ako se ne prate promjene u uglju
koji je odlozen, odnosno sprijeci pojava
samozapaljenja uglja. Naravno, podra-
zumjeva se prije svega, da postoje dovoljne
koli¢ine otkrivenog uglja razlicitog kvaliteta,
da bi se uopste moglo pristupiti homo-
genizaciji. U situaciji kada zbog zaostatka na
otkrivci ne postoje dovoljne koli¢ine
otkrivenog uglja, razliitog kvaliteta,
odnosno, kada se zbog ,,raubovanja“ lezista
na radilitima javlja losiji ugalj sli¢nih
karakteristika, homogenizacija je nemoguca.
Zbog svega navedenog, namece se pitanje
mogucnosti iznalaZenje tehnoloskih
postupaka pripreme i prerade uglja iz
gatackog lezista u cilju ujednacenja kvaliteta
i povecanja toplotne vrijednosti.

TEI;INOLOgKI TIP SIROVINE
LEZISTA UGLJA GACKO

Eksploatacija uglja iz lezista Gacko od
2010. godine vrsi se isklju¢ivo hidrauli¢nim
bagerima kaSikarima, a transport kamionima
do deponije drobilice gdje se vrsi primarno
drobljenje na granulaciju — 300+0 mm.

Ugalj se, potom, transportnim trakama
transportuje na sekundarno drobljenje na
granulaciju -50+40 mm 1 na kraju
transportnim trakama deponuje na deponiji
termoelektrane. Ugalj otkopan masinom
Wirgen, granulacije -50+0 mm se
kamionima  direktno transportuje na
deponiju termoelektrane. Ugalj za potrebe
Siroke potrosnje, otkopan hidrauli¢nim
bagerima kasikarima, direktno se utovara u
kamione veée zapremine sanduka ili se
transportuje damperima na namjensku
deponiju gdje se vr$i ru¢ni utovar u
kamione manje zapremine sanduka. Ugalj
namijenjen kao termoenergetsko gorivo i

ugalj namijenjen za potrebe Siroke
potros$nje,  isporucuje  se  krajnjim
potrosac¢ima bez dodatnih tehnoloskih

procesa oplemenjivanja i klasiranja uglja,
tako da ugalj iz lezista Gacko karakterise
jedan tehnoloski tip [10].

TEHNOLOSKI POSTUPCI
PRIPREME I PRERADE SIROVINE
I1Z LEZISTA GACKO

Ugalj otkopan u rudniku uglja
»Gacko” se trakastim transporterima
doprema do bunkera Glavnog pogonskog
objekta termoelektrane (GPO), a zatim u
mlinove gdje se melje na odredenu
granulaciju; potom se ubacuje u loziSte
kotla gdje sagorijeva. Za proces pripreme
uglja, kao namjenskog goriva, vezane su
operacije drobljenja i mljevenja, jer se
ugalj kao gorivo koristi u vidu praha. Vri-
jednost indeksa Hardgrove pokazuje da je
ugalj tesko meljiv Sto  zahtijeva
odgovaraju¢e mlinove izgradene od
prvoklasnih materijala.

Dobijena toplotna energija zagrijava
vodu koja struji kroz cijevni sistem kotla i
pretvara se u paru, koja se pregrijava do
545°C i pritiska 24 MPa. Takva para ulazi
u turbinu i pokrece rotor turbine brzinom
3.000 o/min, a ujedno i rotor generatora,
pa mehanicku energiju pretvara u elek-
tricnu. Izlazni napon generatora od
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20.000 V transformise se u napon 400.000
V i takav predaje u sistem. Izlazni gasovi
iz kotla precis¢avaju se u elektrofilterima i
kroz dimnjak odlaze u atmosferu.

Proizvodnja  uglja buduéeg PK
"Gacko" (kao i sadasnjeg PK "Gracanica")
koristice se za potrebe TE "Gacko", za
koju je projektovana potrosnja uglja, don-
jeg toplotnog efekta 9.100 kJ/kg. Upore-
dujuci ovu vrijednost sa toplotnom vrijed-
noséu "Gistog" uglja, koja isnosi
10.200 klJ/kg, moze se konstatovati da ce
ugalj odgovarati namjeni, uz uslov da se
vrsi selekcija jalovih proslojaka od 0,2 do
1 m i debljih od 1 m, jer upravo to us-
lovljava stepen razblazenja kvaliteta. U
periodu 1998-2008. godine, ostvarena je
prosjecna toplotna vrijednost lignita od
oko 8.000 kl/kg (prema analizama u labo-
ratoriji "Rudnika" i TE "Gacko").

Usled povecanja procentualnog ucesca
jalovine u uglju dolazi do poveéanja sa-
drzaja pepela. Sadrzaj pepela u uglju
varira od sloja do sloja. Najvisi je u pov-
latnoj ugljenoj zoni (donji trakasti nivo)
24,49%, a najnizi u glavnom ugljenom
sloju, 13,99%. Prosjecan sadrzaj pepela u
"¢istom" uglju za cijeli basen je 16,6%. U
proracun kvaliteta "Cistog" uglja ukljuceni
svi oni dijelovi ugljenog sloja koji daje
toplotnu energiju veéu od 5.000 kl/kg,
(ranije preko 1.200 kcal/kg). Ova vrijed-
nost je uzeta kao granica, jer samo ugalj sa
manjim DTE, u kombinaciji sa znatno
kvalitetnijim dijelovima slojeva u lezistu,
daje zadovoljavajucu toplotnu vrijednost.

Upotreba sirovog lignita u komadnom
obliku u Sirokoj i opS$toj potrosnji i indus-
triji opravdana je samo u okviru ekonom-
skog radijusa transporta, jer je njegova top-
lotna vrijednost niska. To znaci da bi se
prodajom prethodno sortiranog sirovog
lignita kao goriva u manjim urbanim nasel-
jima (bliza okolina rudnika), ostvarili
pozitivni ekonomski efekti. Najvec¢i dio
proizvedenog sirovog lignita u Republici
Srpskoj, medutim, koristi se u TE za proiz-
vodnju elektri¢ne energije.

Problematika vezana za obezbjedi-
vanje garantovanog kvaliteta uglja kao
goriva za TE Gacko, postizanja nominal-
nog kapaciteta i pouzdanosti rada kot-
lovskog postrojenja se usmjerava na
iznalazenje tehnoloskih rjeSenja u cilju
poboljsanja i ujednacavanja kvaliteta ot-
kopanog uglja koji jako wvarira. Ri-
jeSavanje problema obezbjedenja uglja
ujednacenog kvaliteta i sastava, moze se
istrazivati u pet elementarnih pravaca:

e primjena selektivne eksploatacije,

e homogenizacija uglja na deponiji

termoelektrane,

e istrazivanje mogucénosti

oplemenjivanja rovnog uglja,

o klasiranje uglja, i

o termicko iskoriStenja uglja.

Oplemenjivanje uglja gravitacijskim
metodama

Ciséenje uglja obavlja se u autogenoj
suspenziji uz  uobiCajno  koristenje
dinamickog efekta ugradene opreme. Pod
autogenom suspenzijom podrazumjevamo
sredinu koja se sama stvara. Ugalj koji
treba da se disti, sam za sebe stvara
suspenziju. U svim ugljevima postoje vrlo
fine Cestice gline, uglja i jalovine, koje
predstavljaju vrlo stabilnu suspenziju u
vodi. Ova prirodna teSka sredina
predstavlja ogromnu ustedu u ciscenju
uglja posto nikakva skupa, vjesStacka
suspenzija ne mora da se kupuje,
recirkuliSe ili regeneriSe. Pri odredenoj
gustini, suspenzija sastavljena od sitnih
Cestica koje se u prirodnom stanju nalaze u
sirovini koja se Cisti, postaje suvise
viskozna 1 pocinje da gubi odredene
osobine teCnosti koje su neophodne za
proces odvajanja. Gornja granica za gustinu
autogene suspenzije maksimalno je 1.25
g/em’, dok specifitna gustina ugljeva
iznosi od 123 g/em’, pa navise. Kod
"Parnaby" procesa ovaj nedostatak stvarne
gustine nadoknaduje se kombinacijom
razli¢itih dinamickih efekata [7].
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Prilikom izbora najpogodnijeg postupka
za oplemenjivanje uglja uobicajno je da se u
razmatranje tebaju uzeti slijede¢i parametri:
ostrina  odvajanja, visina investicionih
ulaganja, rok isporuke opreme, veli¢ina
ulazne granulacije, brzina montaze, troskovi
CiS¢enja uglja, instalisana snaga, utroSak
vode, broj radnika.

Klasiranje uglja

Jedan dio proizvedenog uglja iz leziSta
Gacko (25-30x10° t/god.), isporucuje se za
komercijalne potrebe. Ve¢ duzi vremenski
period na povrsinskom kopu Gacko postoji
tehnoloski problem isporuke uglja za ko-
mercijalne potrebe. Na povrSinskom kopu
nema postrojenja za klasiranje uglja, pa se
utovar uglja obavlja direktno hidrauli¢nim
bagerima kasikarima ili ruéno na namjen-
skoj deponiji. Osim toga, stalno prisustvo
kamiona zapremine sanduka od 3-15 m’ u
zoni izvodenja rudarskih radova, otezava
redovnu proizvodnju i ugrozava bezbjednost
rada na povrSinskom kopu. Rjesavanje
problema obezbedenja frakcija uglja za
komercijalne potrebe [2], moguée je
izgradnjom postrojenja za klasiranje uglja,
kapaciteta 250-300 t/h, na najpovoljnijoj
lokaciji rudnika tj. pristupnog puta za
dampere i kamione, vode¢i racuna o prilazu
utovarnih kamiona na postojecu vagu.
Klasiranjem uglja obezbijedile bi se frakcije:
komad (-350 do + 100 mm) i kocka (-100 do
+30 mm), dok bi se sitni ugalj (-30 mm)
transportovao tracnim transporterima na
deponiju  termo-elektrane.  Postrojenje
klasirnice uglja je tehnoloski nezavisno od
postojeéeg transporta dopreme uglja sa
povrsinskog kopa u termoelektranu. Zgrada
klasirnice ima dva bunkera za komad i
kocku kapaciteta 2x150 t/h. Izgradnjom
postrojenja za klasiranje uglja omoguc¢ilo bi
se plansko povecanje koliCina proizvedenog
uglja namijenjenog za komercijalne potrebe
u iznosu od 50.000 t/godi$nje, a sama tehno-
logija pripreme i isporuke uglja za ovu
namjenu nema tehnoloski uticaj na proiz-
vodni proces na povrSinskom kopu.

Za pojedine frakcije uglja (kocka,
orah, sitni) neophodno uraditi skra¢enu
tehnicku analizu (vlaga, pepeo, DTE) jer
zhtjevi trzista 1 namjena uglja za komerci-
jalne potrebe to zahtijevaju. Na osnovu
navedenih  kvalitativnih  karakteristika
formira se cijena pojedinih frakcija uglja
(KM,€,RSD/M)).

Bolje termicko iskoriStenje uglja iz
leZiSta Gacko

Najznacajnija fizicka svojstva uglja su:
opticke osobine, mehani¢ko-strukturne
osobine, specificna gustina, elektricne
osobine, osobine specificne povrsine [1].
Ugalj proizveden u rudniku Gacko nije
naknadno tehnoloski oplemenjivan, dok se
u  Ugljeviku  primjenjuje  Parnaby
tehnologija oplemenjivanja uglja za ko-
mercijalne potrebe, ¢ime se postize bolje
termicko iskoris¢enje uglja. Da bi se
sagledala moguénost dobijanje goriva
boljih kvalitativnih karakteristika neo-
phodno je izvrsiti ispitivanja uglja iz
lezista Gacko kroz razliCite tehnoloske
procese oplemenjivanja uglja (briketi-
ranje, gasifikacija, suSenje lignita, likvi-
fakcija-teni proizvod hidrogenizacije) sa
ciljem dobijanja produkata uglja vece top-
lotne vrijednosti. Pri izboru tehnologije
oplemenjivanja mekog mrkog uglja, pot-
rebno je prethodno utvrditi njegove fizicke
i hemijske karakteristike, kao i izvrSiti
ispitivanje kvalitativno-kvantitativnom
mikro-petrografskom analizom [6].

ZAKLJUCAK

Imajuéi u vidu da je ugalj heterogena
sirovina, da se iz istog sloja njegov sastav i
osobine mogu razlikovati, postoji potreba za
tehnoloskim postupcima pripreme i prerade
u cilju dobijaju $to kvalitetnijeg goriva za
potrebe termoelektrane Gacko i komerci-
jalnu potro$nju. Uvodenjem ovih rjeSenja
stiCu se uslovi za vodenje procesa sagori-
jevanja uglja sa Sto manje oscilacija. Pri
sagorijevanju ugljenog praha u kotlovima
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mogu se ocekivati nezeljene i neocekivane
posljedice. U principu, kotlovi su pro-
jektovani da zadovolje garantovane karak-
teristike za odredeni ugalj, i u tom slucaju da
termoelektrana radi sa maksimalnom
efikasnos¢u. Uobicajeno je da postoji
dopusteni opseg promjena najvaznijih
karakteristika uglja sa kojima se ocekuje
ostvarivanje maksimalnog opterecenja.
Tehnoloskim postupcima pripreme 1
prerade uglja sa lezista Gacko, bili bi
tretirani samo oni dijelovi ugljenog sloja
koji postoje¢im sistemom eksploatacije ne
mogu obezbijediti gorivo za termoe-
lektranu garantovane toplotne vrijednosti.
Uvodenje  tehnoloskih  postupaka
oplemenjivanja  uglja  gravitacijskim
metodama valorizovala bi se cjelokupna
koli¢ina uglja na lezistu Gacko. Kla-
siranjem i oplemenivanjem uglja kao i
primjenom metoda boljeg termickog
iskori§tenja uglja dobio bi se trzi$ni
proizvod namijenjen za komercijalnu
potros$nju, konkurentan u regionu.
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Abstract

This paper describes the conceptual technological processes of coal preparation and process-
ing from the deposit Gacko (Republic Srpska) to the aim of increasing the efficiency of calorific
value of fuel for the needs of Thermal Power Plant Gacko.The excavated coal from the coal de-
posit Gacko is supplied as the energy fuel for the needs od Thermal Power Plant Gacko as well as
for commercial consumption. From total output of coal from from the open pit, which annually
amounts on average to 2.2 Mt, and 97% is supplied for the needs of Thermal Power Plant Gacko
and 3% forcommercial consumption. During previous mining (1983-2012), some deviations were
recorded regarded to the results of calorific value of coal, obtained by detailed geological explo-
rations and the results obtained from laboratory analyses on dosers in the Thermal Power Plant
Gacko The average calorific value of coal in the deposit Gacko, obtained by geological explora-
tions is 10.2 MJ/kg.

The coal deposit Gacko has a complex geological structure and the carbon layers are stratified
by substantial numbers of interbeds, thickness of 0.2 to 0.5 m. The selective mining is used for
excavation the interbeds of interlayer waste, thickness greater than 0.2 m, and all minor interbeds
are mined together with the coal. This technological solution of selective mining does not achieve
the optimum economic effects of utilization the carbon material from deposit. The energy fuel of
caloricif value from 8 to 8.5 MJ/kg is supplied for the needs of Thermal Power Plant Gacko and
and it is lower than the designed parameters for the boiler plant in the Thermal Power Plant
Gacko (9.2 MJ kg). Technological methods of coal upgrading and classification would increase
the calorific value of coal in relation to the mining conditions.

Keywords. coal, calorificvalue, layer structure, technology type, coal processing, upgrading,
classification

INTRODUCTION

Coal is a very complex mixture of esses. Nature has mixed and blended these

minerals and macerals, formed under the two elements in the prehistoric times,
influence of very unequal natural proc- many millions of years ago. Coal, with

* Mine and Thermal Power Plant Gacko, Industrijska zona bb.,
e-mail: rtegac29@teol.net
** Mining and Metallurgy Institute Bor, 35 Zeleni bulevar, 19210 Bor
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reserves greater than all other reserves of
fossil fuels, is one of the largest sources of
energy in the world. Most of the coal in
the world has the use value primarily as
the energy source. In addition, the degree
of carbonification increases with the en-
ergy value of coal, reduced to the unit
mass. But, coal almost never comes clean
in the earth crust. There are several sub-
stances, mixed with the coal substance
since its formation and that it reduce its
energy power (ballasts) or pollute the en-
vironment. Operations related to the use of
coal, such as mining, transport, storage,
combustion in the power plants and dis-
posal of waste, all of them, pollute the
environment. Coal combustion releases
into the atmosphere carbon dioxide, sulfur
dioxide, nitrogen oxides, compounds of
mercury, lead and arsenic, and soot.

Why the ballast substances, primarily
ash, are removed? Nobody wants to buy
the stones, clay or similar components in
coal. Not only to pay for them, their trans-
port and storage have to be paid and later
to add them into the fireboxes, and later to
remove the slag and ash, and all that raise
in price the thermal unit of energy. Ash,
the incombustible mineral matter, re-
mained after coal combustion, is directly
depending on density. Lower the density,
lower the ash content and vice versa. One
of the conditions to improve the coal qual-
ity involves the reduction of ash content.

The author of this paper tries to con-
tribute in the efforts to find a solution to
longstanding problems related to the coal
quality of the Gacko Coal Basin. In con-
trast to previous thinking that went pri-
marily towards a choice of optimum
technology in coal mining, which involves
the use of selective mining, this paper
presents a proposal of technological pro-
cedures of preparation and processing of
coal in the Gacko Coal Basin using the
already known technologies.

Analyzing the geological-minera-
logical characteristics of coal from the
Gacko Coal Basin, it was concluded that

there is a supposition that it can be success-
fully refined using the gravity methods,
whichhas to be scientifically proven.

COAL FROM THE GACKO COAL
BASIN ASA THERMAL ENERGY
FUEL

Coal from the Gacko Coal Basin as an
energy fuel is defined by the classical im-
mediate analyses. However, the results of
such studies often differ from those tested
in practice. Investigations of the coal qual-
ity were carried out in a way that is not
modified to the requirements of selective
exploitation. In doing so, the parties of
low calorific value were not precisely de-
fined, such as clay coal or carbonaceous
clay, which also reduce the calorific value
of coal. All of this has directly affected the
poor separation of waste interlayers from
coal and reduction of its calorific value.
The investigations of coal quality are the
proof of this on the main landfill of the
Power Plant. Thermal effect of clean coal
for the entire coal basin, obtained by
weighting the masses and lengths is
shown in Table 1. The certain coefficient
of variation indicates that the deposit is
uniform in terms of calorific value [4].

Table 1. Calorific value of pure coal

— Coefficient
Calorific KJ/kg | Kcal/kg | of content
value iati
variation
GTE 11497 | 2746 10.53
DTE 10174 | 2430 11.40

The average weighted ash content for
the entire coal basin is 16.61%, and coef-
ficient of content variation is 32.39%.
Minimum average ash content was deter-
mined in the main coal seam and it is
13.99%, and maximum in the lower band
level of coal in the amount of 24.49%.

Chemical analysis of coal ash shows its
different chemical composition per coal
seams. The marked differences of chemical
composition of coal ash in seams indi-
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cate that this parameter has be respected in
the use of coal for thermal power pur-
poses, the way deslaging and planning the
dynamics of coal mining in order to en-
sure it as much as possible constat chemi-
cal composition, to reduce disorders in a
boiler operation.

Very important indicator of coal qual-
ity in the Gacko Coal Basin is its
grindability, and ease with which it can be
finely comminuted, as it could be used as
a pulverized fuel. Laboratory test of
grindability, through which the grindabil-
ity coefficient of coal is obtained, is of
decisive importance in construction of
mills for coal comminution, then the
proper running of the grinding process,
and proper conception and construction of
boilers for firing with pulverized coal
powder. The obtained testing results of
coal grindability by the Hardgrove method
have indicated that all three coal seams of
the Gacko Coal basin are hard grindable.

Priority consumer of coal from the
Open Pit “Gracanica” is the Thermal
Power Plant, 300 MW of installed capac-
ity, so that the capacity and open pit and
quality of excavated coal are defined ac-
cording to the needs of Thermal Power
Plant. Testing the coal quality has found
that it ranges from 7,296 to 13,700 KJ/kg,
so the possible range of excavated coal
quality is well known. Based on the data
equipment supplier, for a block of 300
MW, including losses, the specific heat
consumption is 9837 kJ/kWh, respec-
tively, the required consumption of coal
for these conditions is 305 t/h. On the an-
nual basis for fund of 6,000 h operation
of the Thermal Power Plant, the required
capacity of open pit is 1,830,000 t/year.
Since the annual capacity of supporting
(mill) plants of the Thermal Power Plant is
2.2 million t/y, minimum average DTE of
coal for this capacity is 8,182 KJ/kg.

From the beginning of operation at the
Open Pit “Gracanica” there is a problem
of coal mining with a high share of waste

which significantly reduces the power of
boiler plant of the Thermal Power Plant
and increases the amount of ash into the
atmosphere and polluting the human envi-
ronment. Depending on the type of waste,
reduction of the thermal effect is different
and for 1% dilution is:
 yellow marl reduces the thermal
effect for 122 KJ/kg,
* gray marl reduces the thermal effect
for 77.98 KJ/kg,
* clay marl reduces the thermal effect
for 67.26 Kl/kg.

This is explained by the increased par-
ticipation of carbonate components in a
particular type of marl. With the increase
of carbonate in marl, a decline in calorific
power coal as fuel is realized. The so-
called yellow marl, which mostly reduces
the calorific power, contains the highest
CaCQ;, which is automatically reflected in
higher reduction in thermal energy per
unit of share. In contrast, clay marl con-
tains only about 40% CaCOs and at least
reduce the calorific power.

THE APPLIED TECHNOLOGIES OF
COAL MINING FROM THE
GACKO DEPOSIT

The basic aspects of utilization the ex-
isting coal reserves, in order to obtain high-
quality fuels for the Thermal Power Plant
require very serious approach, in order to
obtain adequate, maximum rational techno-
logical processes of production and com-
bustion of coal. Having in mind that coal is
a heterogeneous material, and that its com-
position and properties can varyfrom the
same seam, there is a need to get smoother
and better characteristics using the techno-
logical solutions and procedures.

Due to these reasons, all problems re-
lated to providing the guaranteed quality
of coal as a fuel in TPP Gacko, achieving
the rated capacity and reliability of the
boiler plant operation is focused on find-
ing the technological solutions to improve
and standardize the quality of mined coal
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that varies very much. All previous thinking
went so far primarily towards the choice of
optimum technology of coal mining, which
involves the use of selective mining. Coal in
the deposit of Gacko Basin is of a complex
geological structure, stratified by substantial
numbers of dirt bands of small thicknrss and
therefore it is ungrateful in terms of quality
for exploitation and preparation and exploi-
tation for the needs of combustion in the
power plant. The use of bucket wheel exca-
vator ER-1250 16/1.5 for selective separa-
tion of dirt bands in the conditions of the
Gacko Coal Basin was almost impossible
until now, because the suitable quality of
coal was not obtained. In the use of bucket
wheel excavator, the size of cut must be at
least 0.7 of rotor diameter to achieve the
optimum capacity. It has an influence to
withdraw this and to find out a new solution.

The use of shovel excavator also limits
the impossibility of selective extraction of
dirt bands moc¢nosti small, which signifi-
cantly reduces the calorific value of coal.
With shovel excavators, thin waste inter-
beds are usually excavated with coal and
transported directly to the Power Plant.

The use of excavation machine Wirt-
gen 2100 SM consists in mining the min-
eral resources in thin horizontal seams up
to 0.20 m, with the working cylinder with
spirally arranged knives. Although, com-
pared with hydraulic shovels, it is a ma-
chine with a large range in selective work;
it still produces significant losses because
it is practically impossible to separate a
dirt band of waste without having the cer-
tain amount of coal which cannot be exca-
vated with it. Of course, there is a problem
of dilution because it is impossible to ex-
cavate coal at certain angle, what is often
a case in the conditions of deposit on the
ground, and that some amount of waste
would not been excavated with it.

Having in mind this fact, as well as
that:

e the excavation machine WIRTGEN
still provides only a portion of coal
production (25%), and the rest is
obtained by hydraulic excavators,

e it could not be completely relied on a
factor of "operator", especially dur-
ing work in night shifts and poor
weather conditions,

e in the "clean" coal ther are the inter-
beds of carbonaceous marl, marl
coal, carbonaceous clay, of lower
calorific value and interbeds of
waste, thickness to 0.2 m, which are
not selectively separated,

o the coal seams fall under an angle of
7°-9°,

it can be concluded that it is practically
impossible to provide the quality of
"clean" coal, but there must be some dilu-
tion due to the additions in interbed waste
that is excavated with the "clean" coal.

In all these cases when there is no suit-
able separation of waste or waste inter-
beds, there are the additional costs of:
excavation and transport of waste to the
Power Plant, electrical energy used for
coal grinding, related to the wear of mill-
ing facilities, caused by the loss of heat
energy for waste burning, ash transport
disposal to the landfill, and beside this,
and ash disposal, often deviation of the
coal characteristics from the guaranteed
coal quality, what has a negative effect on
stable operation of the Power Plant.

Providing the characteristics of coal,
within the certain limits, is possible to
achieve by the equalization procedures of
coal characteristics by homogenization.
The quality of the homogenization proce-
dure, among other things, depends on:

e diagnostic quality of coal quality in

the deposit,

® continuous monitoring of coal qual-
ity during the production process,
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e technology of coal mining in the de-
posit,

e planning the dynamics of mining,
managed under the diagnosed coal
quality.

And under the conditions that all the
above requirements are met, the homogeni-
zation procedure cannot remove the waste
which was not previously extracted by se-
lective operation of coal obtaining. In addi-
tion, all suitabilities provided by the landfill
in the energy complex can be significantly
reduced if the technology fails to keep
proper and deposit taking and if the
changes are not followed in coal, which is
delayed, or prevent the occurrence of spon-
taneous combustion of coal. Of course, it
implies, first of all, there is a sufficient
quantity of discovered coal of different
quality, to be able to access the homogeni-
zation. In a situation when there are no
sufficient quantities of discovered coal of
different quality, i.e. due to utilization of
deposit, low quality coal of similar deposit
occurs at sites with similar characteristics,
the homogenization is impossible. Because
of this, there is a question on a possibility
of finding out the technological methods of
preparation and processing of coal from the
Gacko coal deposit for balance of quality
and increase the calorific value.

TECHNOLOGICAL TYPE OF MIN-
ERAL RESOURCE AT THE GACKO
COAL DEPOSIT

Coal mining in the Gacko deposit since
2010 has been exclusively done by hydrau-
lic shovels and dump trucks for transport to
the crusher where the primary crushing is
done to the grain size of - 300 +0 mm. Coal
is then transported by belt conveyors to the
secondary crushing to the grain size of -50
+0 mm and, at the end, by belt conveyor is
deposited in the landfill of the Power Plant.
Coal excavated by Wirgen machine, grain
size -50 +0 mm is directly transported by
trucks to the landfill of the Power Plant.
Coal for the consumer  needs,

excavated by hydraulic shovels, is directly
loaded into trucks with larger volume
boxes or transported to a dedicated landfill
by dump trucks where it is manually loaded
into trucks with small volume boxes. Coal,
intended as the thermal energy fuel and
coal for the needs of consumers are deliv-
ered to the end users without additional
technological processes of coal refining and
classification, such as the coal from the
Gacko deposit is characterized by one
technological type [10].

TECHNOLOGICAL METHODS OF
PREPARATION AND PROCESSING
THE MINERAL RESOURCE FROM
THE GACKO DEPOSIT

The excavated coal in the mine
"Gacko" is delivered by belt conveyors to
the bins of the Main drive facility of the
Power Plant (MDF), and then into the
mills where it is ground to the certain
grain size, then injected into the combus-
tion chamber of boiler where it burns. For
the process of coal preparation, as the
purposed fuel, the operations of crushing
and grinding are connected, because coal
is used as fuel in the form of powder.
Value of the Hardgroove index shows that
coal is difficult grindable, what requires
the appropriate mills constructed of first-
class materials.

The resulting heat warms the water
that flows through the pipe system of the
boiler and turns into steam, which heats
up to 545°C and pressure of 24 MPa. This
steam enters the turbine and drives the
turbine rotor in speed 3000 rpm, and also
the rotor of generator and converts the
mechanical energy into electrical energy.
Generator output voltage of 20,000 V is
transformed into voltage V 400,000, and
as such is taught into system. Output gases
from the boiler are purified in electric fil-
ters and leave through the chimney into
the atmosphere.

Coal production of the future Open Pit
"Gacko" (as well as the current Open Pit
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"Gracanica") will be used for the needs of
“TPP Gacko”, with designed coal con-
sumption of lower calorific effect of 9,100
kJ/kg. Comparing this value with the
thermal value of "clean" coal, which
amounts to 10 200 kJ / kg, it can be con-
cluded that coal will be suitable for the
purpose, providing that the selection is
made of dirt bands from 0.2 to 1 m and
thicker than 1 m, because the degree of
quality dilution is conditioned by selec-
tion. In the period 1998-2008, the average
lignite calorific value was achieved of
about 8000 kJ/kg (according to the analy-
ses in the laboratory of the "Mine and TPP
Gacko").

Due to the increased percentage of
waste in coal, the increased content of ash
occurs. Ash content in coal varies from
seam to seam. The highest is in the imme-
diate coal zone (lower band level)
24.49%, and the lowest in the main coal
seam, 13.99%. The average ash content of
the "clean" coal for the entire basin is
16.6%. Calculation the quality of “pure™
coal includes all those parts of coal seam,
which provides thermal energy higher
than 5,000 kJ / kg, (earlier over 1,200
kcal/kg). This value is taken as the limit,
because only coal with lower DTE, com-
bined with more qualitative parts of seams
in the deposit, providest the sufficient
calorific value.

The use of raw coal in a piece shape in
broad and general consumption and indus-
try is justified only within the economic
radius of transport, due to its low calorific
value. This means that the sale of pre-
sorted raw lignite as a fuel in small urban
areas (closer to the mine environment),
would achieve the positive economic ef-
fects. Most of the produce raw coal in the
Republic Srpska, however, is used in the
thermal power plants for the production of
electricity.

The problems related to supply the
guaranteed quality of coal as a fuel for

TPP Gacko, achieving the rated capacity
and reliability of operation the boiler
plant, is focused on finding out the tech-
nological solutions to improve and stan-
dardize the quality of excavated coal that
varies greatly. Solving the problem of
supplying the coal of uniform quality and
composition, can be studied in five basic
directions:
e application of selective exploitation;
¢ homogenization of coal at the landfill
of power plant;
e investigation the possibility of val-
orization the run-of-mine coal,
o classification of coal, and
o thermal efficiency of coal.

Coal valorization using the gravity
methods

Coal cleaning is carried out in autoge-
nous suspension with usual use of dy-
namic effect of installed equipment. The
autogenous suspension means a self-
created medium. Coal to be cleaned, itself
creates a suspension. In all coals, there are
very fine particles of clay, coal and waste,
which are very stable suspension in water.
This natural hard environment is an enor-
mous saving in coal cleaning because no
expensive, artificial suspension have to be
purchased, recycled or regenerated. At the
certain density, suspension composed of
fine particles, which in the natural state
are present in the raw material to be
cleaned, becomes too viscous and begins
to lose some fluid properties, required for
the separation process. The upper limit for
density of autogenous suspension is
maximum of 1.25 g/em’, while specific
mass of coal 1.23 g/cm’, and more. In the
"Parnaby" process, this lack of real den-
sity is compensated by combining the
various dynamic effects [7].

In selection the most appropriate proce-
dure for coal valorization, it is common to
take into consideration the following pa-
rameters: sharpness of separation, amount of
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investments, term of equipment delivery,
size of the input grain size, rate of installa-
tion, cost of coal cleaning, installed capacity,
water consumption, number of employees.

Coal classification

A part of produced coal from the de-
posit Gacko (25-30x10° t/year) is supplied
for commercial purposes. For a long time,
in the Open Pit Gacko, there is a techno-
logical problem of coal delivery for com-
mercial needs. The Open Pit does not have
facilities for coal classification, so coal
loading is direct by hydraulic shovels, or
manually at a dedicated landfill. In addi-
tion, constant presence of trucks with box
volume of 3-15 m’ in the area of mining
works makes difficult the regular produc-
tion and threats the safety of works at the
open pit. Solving the problem of supply-
ing the coal fractions for commercial pur-
poses [2], it is possible to build a plant for
coal classification, capacity 250-300 t/h at
the most suitable location of the mine, i.e.
the access road for dump trucks and
trucks, taking into account the entrance of
loading trucks at the existing scale. Classi-
fication of coal would provide the follow-
ing fractions: a piece (-350 to + 100 mm)
and a cube (-100 to +30 mm), while the
fine coal (-30 mm) would be transported
by belt conveyors to the landfill of power
plant. Coal classification plant is techno-
logically independent of the existing
transport of coal delivery from the open
pitinto power plant.

The building of classification plant has
two bins for a piece and cube, capacity of
2x150 t/h. The construction of facilities
for coal classification would allow the
planned increase in the quantities of pro-
duced coal, intended for commercial pur-
poses in the amount of 50,000 t/year, and
the technology itself of preparation and
delivery of coal for this purpose has no a
technological impact not impact on tech-
nological process at the open pit.

For each coal fractions (cube, nut,
fine), it is necessary to carry out a short-

ened technical analysis (moisture, ash,
DTE), because the market needs and uses
of coal for commercial purposes require it.
Based on these qualitative characteristics,
the price of certain fractions is formed
(KM, €, RSD/MJ).

Better thermal utilization of coal from
the Gacko deposit

The most important physical properties
of coal are: optical properties, mechanical-
structural properties, specific density, elec-
trical properties, and the properties of spe-
cific surface area [1]. The produced coal in
the mine Gacko was not subsequently tech-
nologically valorized technology, while the
Parnaby technology of coal valorization is
used in Ugljevik for commercial purposes,
resulting in better thermal utilization of
coal. In order to consider the possibility of
obtaining the fuels with better quality char-
acteristics, it is necessary to carry out test-
ing of coal from the depositGacko through
various technological processes of coal
valorization (briquetting, gasification, coal
drying, liquefaction-liquid product of hy-
drogenation) in order to obtain the coal
products of higher calorific value. In selec-
tion of valorization technology of soft
brown coal, it is firstly necessary to deter-
mine its physical and chemical properties,
as well as carrying out testing by qualita-
tive and quantitative micro-petrographic
analysis [6].

CONCLUSION

Having in mind that coal is a hetero-
geneous mineral resources, the composi-
tion and properties can vary from the same
seam, there is a need for technological
processes of preparation and processing in
order to obtain as much as possible quality
fuel for the needs of Thermal Power Plant
Gacko and commercial consumption. By
introduction of these solutions, the condi-
tions are acquired for leading the process of
coal combustion with as less as possible
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oscillations. During burning the coal powder
in the boilers, the unintended and unwanted
side effects can be expected. In principle, the
boilers are designed to meet the guaranteed
characteristics for the certain coal, and in
this case the power plant is at maximum
efficiency. Normally, there is a permissible
range of the most important changes in coal
characteristics which are expected to realize
maximum loads.

Technological methods of coal prepara-
tion and processing from the deposit Gacko,
only those parts of the coal seam would be
treated that cannot provide fuel for the
Thermal Power Plant of guaranteed values
by the existing system of exploitation.

The introduction of technological
methods of coal valorization using the
gravity methods would valorise total
quantity of coal in the Gacko deposit.
Coal classification and valorization as
well as the use of methods with better
thermal efficiency of coal would produce
a market product intended for commercial
consumption, competitive in the region.
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Izvod

Na osnovu sprovedenih istrazivanja i iskustva stecenih dosadasnjim radovima eksploatacije
uglja u Sjenickom basenu neosporno je da se kapacitet proizvodnje moze znacajno uvecati uz
prethodno reSavanje pitanja izgradnje termoenergetskog objekta. Rezerve uglja i relativno pov-o-

ljni  prirodno-geoloski

uslovi  koji dopustaju primenu visokoproduktivnih mehanizovanih

tehnoloskih resenja, Sto ovom rudniku daje niz komparativnih prednosti u odnosu na ostale rud-

nike uglja u Srbiji.

Kljucne reci: podzemna eksploatacija, jamske prostorije, indirektno merenje, prirodni padni

ugao

1. UVOD

Podzemne prostorije predstavljaju, izvan-
redne 1 kontinuirane izdanke, ¢esto mnogo
kilometara duge, ali tako lokalizovane da
omogucavaju upoznavanje 1 ispitivanje
leziSta samo po strogo odredenim i ogra-
niCenim putevima. Slika o geologiji leZista
koju tokom Kkartiranja stvori geolog ne
predstavlja samo neobaveznu geolosku
pretpostavku o sastavu i strukturi jednog
odredenog terena, nego prikaz od kojeg
zavise Cesto veoma obimne 1 skupe
investicije 1 koji ¢e ve¢ prvi dalji istrazni
radovi podvrgnuti strogoj kontroli i proveriti
u pogledu ispravnosti pretpostavki i reSenja.

Osnovni zadatakrudara - geologa u rud-
niku predstavlja stalno pracenje i reSavanje
geologije leziSta putem kartiranja jamskih
prostorija. Ovo je veoma odgovoran posao
koji trazi brizljivu pripremu i precizno

* JP PEU Resavica, Rudnik ,, S'tavalj “-Sjenica

izvodenje, uz koriS¢enje svih geoloskih
metoda koje mogu pomo¢i pri reSavanju
brojnih pitanja leziSta — strukturnih i
genetskih, teoretskih i prakticnih, vezanih za
reSavanje odnosa masa u lezistu, vaznih za
dalje istrazivanje 1 eksploataciju. Sveze
izgradene jamske prostorije daju najvise
informacija, pa se stoga snimanje izvodi
paralelno sa napredovanjem jamskih radova.
Pored geoloske grade i istorije terena kar-
tiranje jamskih prostorija treba da pruzi po-
datke prakti¢nog znacaja o mineralnim sirovi-
nama, a zatim o inzenjersko-geoloskim, hidro-
geoloskim i geomorfoloskim osobinama lezi-
Sta. Od svih ovih ispitivanja najvaznija su ona
koja su vezana za mineralne sirovine; ostala se
najcesce svode na notiranje odredenih pojava i
osobina, osim ako su tereni izuzetno
zanimljivi sa gledista neke od ovih disciplina.

) JP PEU Resavica, Rudnik Mrkog uglja ,, Rembas
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Kartiranjem jamskih prostorija dobijaju
se precizni podaci o tipovima slojevitosti,
planara i lineara koji su u lezistu razvijeni.
Jamske prostorije predstavljaju kljucne
izdanke ¢ije pravilno kartiranje daje prave
i tacne podatke za tumacenje osmatranih
podataka a time i ispravno projektovanje i
izvodenje podzemnih prostorija.

2. DEFINISANJE PROSTORNE
ORIJENTACIJE LINEARA 1
PLANARA

Prostornu orijentaciju lineara i planara
pokazuju njihovi elementi pada — azimut
pada i padni ugao.

Geometrijsko mesto tacaka sa istom
kotom na jednoj geoloskoj ravni zove se
pruZanje; normalno na pruZanje u merenoj
ravni stoji padna prava ravni. Njeni elementi
pada ujedno odreduju i elemente pada ravni.

Azimut pada (v) je horizontalni ugao
koji zaklapa geoloska lineara ili padna pra-
va geoloske planare sa meridijanom mesta,
meren od meridijana mesta u smeru kaza-
ljke na satu. Moze imati vrednost 0-360 °.

Padni ugao (o) je vertikalan izmedu
horizontalne ravni i geoloske lineare,
odnosno padne prave geoloske planare.
Vrednosti mu iznose 0-90° .

Elementi pada se ispisuju:
pada/padni ugao (na primer 234/47).

3. TACNOST MERENJA
ELEMENATA PADA

azimut

Vise faktora uti¢e na ta¢nost merenja
elemenata pada. To su pre svega subjek-
tivni psiholoski faktori, reprezentativnost
merene povrsi, ispravnost kompasa, pri-
sustvo magnetske anomalije.

Uslovi merenja su ¢esto nepogodni u
jami (atmosferski uslovi: vlaga, praSina,
nedostatak kisonika, osvetljenost, pri-
sustvo metala, zagusljivost, zamor i dr.).
Sa druge strane neki kompasi imaju
obelezene samo uglove od po 5° na skali,
pa na ove greske treba obratiti paznju.

Reprezentativnost merene povrsi je od
najveceg znacaja. Geoloske planare mogu

imati neravne povrsi zbog nacina kako su
fizicki izraZene, Cak iako su same u celini
posmatrano idealne geometrijske ravni.
Cak i statisticko merenje desetina eleme-
nata pada moze dati sumnjive rezultate.

Zato smo u praksi rudnika »Stavalj«
poznavajuéi globalno strukturu i tektoniku
celokupnog lezista i njegovih pojedinih delo-
va pribegao drugim metodama indirektnog
merenja elemenata pada u dekametarskom i
hektometarskom mernom podrucju i dobio
rezultate koji u prakticnom smislu nepogre-
Sivo usmeravaju rudarske radove.

4. INDIREKTNO MERENJE
ELEMENATA PADA
METODOM »TRI TACKE«

Kod geoloskih karata, situacionih
planova jame ili kod dubinskog busenja, gde
se mogu dobiti tri tacke koje leZe u sloju a
poznate su im planimetrijske koordinate i
kote moze se primeniti metod indirektnog
merenja elemenata pada sloja. Ako planara
izmedu njih nije raskinuta i dislokovana
rasedom, ili jace u ve¢im razmerama ubrana,
te tri tacke definiSu ravan sloja i pomocu njih
se mogu odrediti njegovi elementi pada.

Resenje se dobija nalazenjem hori-
zontalne prave u ovoj ravni, koja tada
pokazuje pruzanje, i obaranje padne prave u
horizontalnicu radi odredivanja padnog
ugla. Tehnicki se problem moze reSiti na
vise nacina, koji se svode na razne varijante
realizacijom istog osnovnog postupka.

Primer 1.

Na situacionom plan jame »Stavalj«
razmere 1: 1000 u jugozapadnom delu
bloka 8 definisane su tri geodetske tacke
izvedenih rudarskih radova, sa poznatim
koordinatama i kotom podine ugljenog
sloja. Metodom nacrtne geometrije treba
odrediti elemente pada ugljenog sloja.

Tri tacke koje leze u sloju su:

A: X=4792 560; Y=7 429 898; Z= 945,31
B: X=4792 580; Y="7430022; Z=902,73
C: X=4792 626; Y="7429 926; Z= 881,42
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ReSenje:

Od tri tacke u sloju A ima najvecu, B
srednju, a C najmanju kotu. Zadatak se
moze resiti metodom nacrtne geometrije sa
nalazenjem pruzanja DB na koti tacke B.
Vertikalna ravan kroz A i C se obara u
horizontalnicu i na projekcijskom zraku
tacke A nalazi se tacka Dy koja ima kotu
tacke B. Vracanjem tacke D, upravno na
pravac AC dobijamo taku D. Prava kroz D
i B predstavlja pruzanje sloja. Kroz tacku
A ili C povlaéi se normalan profil sloja i
obara u horizontalnicu, te se tako dobija
padni ugao sloja.

Zadatak se moZe resiti i pomoéu Smitove
mreze, $to ovde necemo prikazivati.

Zadati primer je reSen metodom
nacrtne geometrije (slika 1), sa nalazenjem
pruzanja DC na koti najnize tacke C.
Postavljena je vertikalna ravan kroz A i B i
oborena u horizontalnicu koja lezi u ravni
tacke C. Spajanjem tacke D, koja lezi na
ovoj vertikalnoj ravni i u horizontalnici, sa
tackom C , dobija se pruzanje. Padni ugao
se nalazi postavljanjem normalnog profila
kroz tacku A 1 njegovim obaranjem u
horizontalnicu.

wn—>

—_C(881,42)

Ay

-~ PRUZANJE
=
=

~
—

B(90273)

0 20m 40m

—— ——

SL. 1. Nalazenje elemenata pada ravniu kojoj su poznate koordinate tri tacke A, B i C.
Resenje pomocu nacrtne geometrije sa nalazenjem pruzanja DC na koti najnize tacke C

SraCunati elementi pada EP v/a = 18/39

Rastojanje izmedu tacke A i B iznosi u
planu 123 m. Rastojanje BC iznosi u
planu 110 m. Rastojanje AC iznosi u
planu 82 m. Posto su duzine dekametarske
moze se sa sigurno$éu tvrditi da ce
sraCunati elementi pravog pada biti tacni i
prakti¢no koristiti za definisanje bilo koje
rudarske prostorije u blizini tataka A, B i
C ili pak izmedu njih.

5. PRIVIDNI PADNI UGAO

Padni ugao planare u svakom drugom
vertikalnom profilu, koji zaklapa proizvo-
ljan ugao sa pruzanjem, manji je od
pravog pada, to je prividni padni ugao.
Veli¢ina prividnog padnog ugla pred-
stavlja funkciju ugla pravog pada i razlike
izmedu azimuta pravog pada, odnosno
horizontalnog ugla izmedu padne prave
planare i vertikalnog profila u kome se
prividni padni ugao meri.
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NalaZenje prividnog padnog ugla (") se
moze izvoditi metodima nacrtne geometrije,
kombinovanim metodama trigonometrije i
nacrtne geometrije, dijagramima, nomogra-
mima, tablicama, Smitovom mrezom i
stonim ili dZepnim racunarima.

Primer 2.

U jami rudnika »Stavalj«, radi se Is-
trazno-otkopni hodnik IOH-890

Lokacija: prostorija se izraduje
prostorije TN-3 do raseda R-3a.

Radna sredina: Ugalj

Elementi projektovane izrade :

Ukupna duzina prostorije L=120 m

Svetli profil Fs=8,6 m?

Koordinate pocetka:

X=41792 620;

Y=7430914;

Z= 898,62

Kota kraja 910 m

Pad prostorije a = 5°2°

Azimut v =120°.

Izvedeno je prvih 30 metara rudarske
prostorije. Na ortu IOH-890 izmeren je
azimut orta v'=34 °. Koordinate orta X= 4
792 615; Y="7 429 925; Z= 906,00.

Prostorija je polovinom profila zahvatala
podinski laporac ekonomski je neisplativa.

Potrebno je redefinisati projektovane ele-
mente izrade rudarske prostorije, da bi ista

iz

EP v/a=18/39
v'=34"°
a'=37°

bila izvedena po uglju i bila ekonomski
isplativa.

Resenje:

Potrebno je da nademo elemente
prividnog ugla o.” pravca pruzanja prostorije
IOH-890 ili pak o orta IOH-890. To ¢emo
uciniti metodom nacrtne geometrije.

S obzirom na izmereni azimut orta,
ocigledno je da je azimut prostorije v =124-
304°. Pravi padni ugao sloja odreden iz
primera iznosi EP v/o. = 18/39. Prividni pad
nalazimo metodom nacrtne geometrije, kako
je prikazano na slici 2.

Kroz proizvoljnu tacku A povuce se
prva projekcija padne prave planare datog
azimuta (v=18° i profila za koji se trazi
prividni pad v = 34°). Obaramo padnu pra-
vu planare datog azimuta, i profila za koji
se trazi prividni pad. Obaranjem padne
prave dobije se trougao pravog pada
AoAB. Ako se kroz tatku B povuce
pruzanje sloja (planare), na pravcu profila u
kome se trazi prividni pad dobija se polozaj
tacke C, koja ima istu kotu kao B. Posto je
poznata visina tacke A (AoA) i polozaj
tacke C, koja je u horizontalnici, moze se
oboriti trougao prividnog pada AoAC i naci
prividni padni ugao o’

Na ovaj nacin dobili smo prividni padni
ugao orta od "= 37°, a prema slici 2.

~
PRUZANJE

SL. 2. Odredivanje prividnog padnog ugla o', kada su poznati azimut prividnog pada ravni v'i
Primer ort IOH-890. ReSenje dato metodom nacrtne geometrije
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Elementi pravog pada EP v/a = 18/39,
elementi prividnog pada orta IOH-890 EP
v7a" =34/37.

Na isti nafin metodom nacrtne
geometrije (slika 3) odreden je prividni pad
prostorije IOH-890 po pravcu pruzanja-
azimut v =124-304°, u iznosu od o.”" = 12°.

Elementi pravog pada EP v/a = 18/39,

Elementi prividnog pada pravca IOH-
890 EP v /a" = 304/12.

Primer 3.

Primer broj 2 resiti metodom Carmelsa
(slika 4).

EP v/a. =18/39
v''=304"
a=12"

Resenje:

Visina tacke A moze se uzeti kao ravna
jedinici; tada duz AB ima vrednost ctgo.
Carmelsov metod otvara moguénost resenja
kombinovanom metodom trigonometrije i
nacrtne geometrije. 1z proizvoljne tacke A
povla¢imo u smeru odredenom azimutom
(v=18°) pravog pada sloja o = 39 duz AB,
¢ija je duzina u nekoj razmeri jednaka
kotangesu (ctg) padnog ugla sloja. Iz tacke B
se povuce pruzanje, kao normala na duz AB,
do preseka sa pravom koja je iz tackeA iz-
vucena u smeru prividnog pada (v’ = 34°).

S~ ~
PRUZANJE

Ay

SL. 3. Odredivanje prividnog padnog ugla o, u boku I0H-890 metodom nacrtne geometrije,
kada su poznati azimut prividnog uglav’’i o

Duz AC tada ( u istoj razmeri u kojoj
je nacrtana AB ) predstavlja kotangens
ugla prividnog pada ( slika 4 ).

ctga=5,2x0,25

o’=arcctg 1,3

ctg 39° = 1,234897 a’=37,5°
1 cm = 0,25 ctg jedinice Metodom ~ Carmelsa  dobili ~ smo
AB = cte o = 4.94 prividni padni ugao orta IOH-890
g ) 0’=37,5°.
AC=ctga’=52
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v ~
PRUZANJE ™

SL. 4. Odredivanje prividnog padnog ugla o, metodom Carmels-a kada su poznati
azimut prividnog ugla v’’ i elementi pada ravni v/a

Na isti nacin kako je prikazano na slici AB=ctga=247

5. odredi¢emo prividni padni ugao pravca AC=ctga’"=94

pro-storije IOH-890 po uglju, za azimut ctga"=94x%x0,5

izrade prostorije od v'" = 124 - 304°. Duz o’ =arcctg 4,7

AC tada (u istoj razmeri u kojoj je a’’=12°

nacrtana AB) predstavlja kotangens ugla Metodom Carmelsa dobili smo prividni

prividnog pada (slika 5). padni ugao pravca izrade po uglju IOH-890
ctg 39°=1,234897 a’ =12°

I cm = 0,5 ctg jedinice

SL. 5. Odredivanje prividnog padnog ugla a’’, metodom Carmels-a kada su poznati
azimut prividnog ugla v’’ i elementi pada ravni v/a

Primer 4. mreze. U primeru 4 reSi¢emo zadatak broj
2 pomocu racunara. Pri radu sa raCunarom

Vrednost prividnog padnog ugla moze koristi se izraz -

se ocitati i pomocu celuloidnih protaktora,
tabela, dijagrama, nomograma i Smitove o’ = arctg (cosp - tga)
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gde B oznaCava razliku azimuta koji
odgovaraju padnim uglovima o, ia’.

Ort IOH 890 ima sledece elemente:

EPv/a =18/39;

v =34 paje

o= arctg (cosp - tga)= arctg

((cos(34-18).tg39)),

o’ =38,5°

Pravac izrade IOH 890 ima sledece
elemente: EP v/a = 18/39; v '=304-124°
paje:

o ’= arctg (cosp - tga)= arctg

((cos(304-18) - tg39)),

o =12,5°

Matematicki je lako naéi i padni ugao
pravog pada a ukoliko znamo bilo koji
prividni padni ugao @’ i azimut pravog
pada po formuli,

o = arctg (tga /cosP)

Li¢no, ja najvise volim da koristim ove
formule s obzirom da kartiranjem u jami u
zavisnosti od uslova nalazim potrebne
elemente za koje mislim da su objektivno
izmereni pa matematski izvodim druge.
Time izbegavam nepotrebna crtanja i
greske koje se pri tome javljaju kod
razli¢itih metoda nacrtne geometrije i
drugih  relativno  pribliznih  metoda
objasnjenih u prethodnom.

Sada, da se vratimo na postignute
rezultate proracuna. Ocigledno je da treba
tatnom metodom »TRI TACKE« defi-
nisati elemente pravog pada. Svi dalji
rezultati razli¢itim nadinima pokazuju
prakti¢no iste rezultate. Zato smo skrenuli
izvoda¢ima radova-rudarima da dalji
nastavak prostorije IOH-890 nastave
generalno sa padom od 12-12,5°, da bi
prostorija pratila ugljeni sloj. Time
prostorija ne ide po podinskom laporcu.
Izbegavaju se direktne i1 indirektne Stete
koje se mere desetinama hiljada EURA. A
znamo da je projektant dao pad izrade
jamske prostorije od svega 5°.

Na isti nacin kao za IOH-890 odredili
smo elemente izrade za VU-1. Dobili smo

ugao izrade od 17°. Ovde je projektant dao
ugao od 11° i zato je prostorija umesto po
uglju izvodena po podinskom laporcu.
Rudnik je uvazio moje proratune pa smo
nataj nacin brze, kvalitetnije i ekonomski
opravdano izveli potrebne prostorije IOH-
890 1 VU-1. Ustedeli smo ogromna finan-
sijska sredstva. A, da su jamske prostorije
bile stotine metara dugacke uz striktno
praéenje projektne dokumentacije Stete bi se
merile stotinama hiljada EURA.

6. ZAKLJUCAK

Kartiranjem jamskih prostorija dobijaju
se precizni podaci o tipovima slojevitosti,
planara i lineara koji su u leziStu razvijeni.
Jamske prostorije predstavljaju kljucne iz-
danke ¢ije pravilno kartiranje daje prave i
tacne podatke za tumacenje osmatranih po-
dataka a time i ispravno projektovanje i iz-
vodenje podzemnih prostorija.

U ovom radu pokusali smo da damo
prakticne rezultate sopstvenih merenja i
proratuna Kkartiranja osnovnih elemenata
sloja u jednoj jamskoj prostoriji i delu lezista
rudnika »Stavalj« &iji rezultati praktiéno
koriste 1 nepogresivo usmeravaju projekto-
vanje i izvodenje jamskih prostorija racio-
nalno i ekonomski najoptimalnije.

Poznavanje osnovnih principa struk-
turne geologije kod ispitivanja planara i
lineara u jami rudnika mogu mnogo pra-
kticno pomo¢i za pravilno usmeravanje
izvodenja rudarskih prostorija. Na primeru
rudnika »Stavalj« pokazali smo nacin
strukturno-geoloskeobrade jednog polja u
jami i postignute rezultate primenili radi za
usmeravanje izvodenja rudarskih prostorija
IOH-890 i VU-1. Ustedeli smo ogromna
finansijska sredstva.

Rezultati proracuna su se nedvosmisle-
no pokazali ispravnim. Kroz obradenu pro-
blematiku pokazao sam metodologiju koju
gotovo treba celokupnu koristiti da bi dosli
do egzaktnih podataka od cijeg koriScenja
zavisi ekonomska opravdanost, Cesto puta
ogromno uloZenih finansijskih sredstava.
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Abstract

Based on the conducted investigations and experiences, gained by the previous exploitation
works in the Sjenica Basin, it is undisputed that the production capacity can be significantly in-
creased by previous solution the issues of construction the thermal power facility. Coal reserves
and the relatively favorable natural and geological conditions that allow the use of highly mecha-
nized technological solutions, which gives the mine a number of comparative advantages over

other coal mines in Serbia.

Keywords: underground mining, underground facilities, indirect measuring, natural fall angle

1. INTRODUCTION

The underground facilities present the
excellent continuous shoots, often many
kilometers long, but also localized to al-
low introduction and investigation the
deposit only under strictly defined and
limited ways. The image of deposit geol-
ogy that a geologist create during the
mapping is not just an optional assump-
tion of geological composition and struc-
ture of a particular field, but a view on
which often very extensive and expensive
investments depend and that the first fur-
ther investigations will subject on a strict
control and check the correctness of as-
sumptions and solutions.

The main task of a miner geologist is
constantly monitoring and solution the de-
posit geology by mapping the underground

facilities. This is a very responsible job that
requires careful preparation and precise
execution using the all geological methods
that can help solving many issues of de-
posit - structural and genetic, theoretical
and practical, related to solution the masses
in deposit, important for further investiga-
tion and mining. Fresh constructed under-
ground facilities provide the most informa-
tion, and therefore recording is performed
in parallel with the progress of mining
works.

In addition to the geological structure
and field history, mapping of the under-
ground facilities should provide informa-
tion with practical significance of mineral
resources and engineering-geological,
hydrogeological and geomorphological

" JP PEU Resavica, Mine “Stavalj - Sjenica JP PEU Resavica, Mine “Stavalj“- Sjenica

*JP PEU Resavica, Mine of Brown coal ,, Rembas
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characteristics of the deposit. He most
important investigations are those related
to mineral resources; others are commonly
reduced to the quotation of certain phe-
nomena and properties, unless the fields
are extremely interesting from the view-
point of some of these disciplines.

Mapping of the mine facilities gives
the precise data on types of stratification,
planars and linears, which are developed
in deposit. Mine facilities are the key
shoots whose proper mapping gives the
true and accurate information for interpre-
tation of the observed data and thus the
proper design and construction of under-
ground facilities.

2. DEFINING THE SPATIAL
ORIENTATION OF LINEAR AND
PLANAR

Spatial orientation of linear and planar
elements is shown by their elements of
fall — azimuth of fall and azimuth angle.

Locus of points with the same elevation
on a geological plane is called rendering;
normal to rendering in the measuring plane
is a fall plane. Its elements of fall also de-
termine the elements of a plane fall.

Azimut of fall (v) is a horizontal angle
inclinated by geological linear or fall
right with meridian, measured from the
meridian of the clockwise direction. It can
range 0-360°.

Fall angle (a) is vertical between hori-
zontal plane amd geological linear, i.e. the
fall right of geological planar. Its values
amount to 0-90.

Elements of the fall are written as: the
azimuth of fall/fall angle (for example
234/47).

3. MEASURING ACCURACY OF
FALL ELEMENTS

Several factors affect the accuracy of
measurement the elements of fall. These
are primarily subjective psychological fac-
tors, the measured surface representation,

the compass accuracy, the presence of
magnetic anomaly.

Measurement conditions are often un-
suitable in the pit (atmospheric conditions,
moisture, dust, lack of oxygen, light, pres-
ence of metals, sticky, fatigue, etc.). On
the other hand, some compasses are
marked only at angles of 5° on the scale,
and these errors should be addressed.

Representativeness of the measured
surface is of the utmost importance. Geo-
logical planar surfaces can be uneven be-
cause of how they are physically distinct,
even though the same as a whole ideal
geometrical plane. Even the statistical
measurement of dozens the fall elements
may give questionable results.

Due to this in the practice of the mine
"Stavalj", knowing the global structure
and tectonics of the entire deposit and its
individual parts, the other methods of
indirect measurement of elements were
used in the decametric and hectometric
measuring area and the results are ob-
tained that in practical term unmistakably
direct mining works..

4. INDIRECT MEASURING THE
FALL ELEMENTS USING THE
“THREE POINT” METHOD

In geological maps, situational plans of
pit or deep drilling, where three points can
be obtained that lie in a seam with known
planimetric coordinates and elevations, the
indirect method of measuring the elements
of seam fall can be applied. If a planar be-
tween them is not broken and dislocated by
the fault, or more in larger scale wrinkled,
these three points define a seam plane and
their fall elements can be determined using
them.

The solution is obtained by finding the
horizontal right in this plane, which then
shows the extension and breaking of fall
right in a horizontal in order to determine the
fall angle. This problem to be solved techni-
cally in several ways, which are reduced to
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various variants by implementation the same
basic procedure.

Example 1

On the layout plan of the pit "Stavalj",
scale 1:1000, in the southwestern part of
Block 8, three geodetic points are defined
of realized g mining operations, with
known coordinates and elevation of coal
seam footwall. Method of descriptive ge-
ometry should determine the elements
coal seam fall.

Three points that lie in the seam are:

A: X=4792 560; Y=7 429 898; Z= 945,31
B: X=4792 580; Y="7 430 022; Z=902,73
C: X=4792 626; Y="7429 926, 7= 881,42

Solution:

From three points in a seam, A has the
highest, B middle and C the lowest eleva-
tion. The task can be solved by the method
of descriptive geometry with finding the
expanding DB at a level of point B. Verti-

cal plane through A and C is dropped in a
horizontal and at the projection beam of
point A is the point Dy which has the level
of point B. Restoring the point D, per-
pendicular to the direction AC, the point
D is obtained. The right through D and B
presents expanding of a seam. Through
the point A or C the normal profile of the
seam is drawn and dropped in a horizon-
tal, thus obtaining the fall angle of a seam.

The task can be solved using the Schmitt
network, what will not be shown here.

The given example is solved using de-
scriptive geometry (Figure 1) with finding
the extension DC at the elevation of the
lowest point C. Vertical plane is set
through A and B and dropped in a hori-
zontal that lies in the plane of the point C.
Connecting the point D, which lies on this
vertical plane in a horizontal, with point
C, the extension is obtained. The fall angle
is found setting the normal profile through
point A and its dropping in a horizontal.

wn—_

S~ PRUZANJE
=

~
~

B(902,73) ==

—D

0__20m 4om

Fig. 1. Finding out the elements of plane fall with the known coordinates of three points
A,B and C. Solution using the descriptive geometry with finding the extension
DC at the elevation of the lowest point C

Calculated elements of fall EP v/ia =
18/39

Distance between points A and B is in
a plan 123 m. Distance BC is 110 m in
plan. Distance AC is in a plan 82 m. Since
the lengths are decametric, it can be can

be stated with certainty that the calculated
elements of the real fall will be accurate
and practically use to define any of the
mine facilities in the vicinity of points A,
B and C or between them.
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5. THE APPARENT FALL ANGLE

The fall angle of planar in any other
vertical profile, making an arbitrary angle
with the extension, smaller than a real fall
- it is the apparent fall angle. Size of
apparent fall angle is a function of angle
of real fall and difference between the
azimuth of real fall or horizontal angle
between the real fall planar and vertical
profile in which the apparent fall angle is
measured

Finding out the apparent fall angle (o ')
can be done using the methods of descrip-
tive geometry, combined methods of trigo-
nometry and descriptive geometry, dia-
grams nomograms, tables, the Schmitt net-
work and desktop or pocket calculators.

Example 2

In the pit of the Mine »Stavalj«, the
exploratory-excavation drift IOH-890 is
developed.

Location: a room is developed from
the room TN-3 to the fault R-3a.

Working environment: Coal

Elements of designed development:

Total length of a room L=120 m

Bright profile Fs=8.6 m?

Starting coordinates:

X=4792 620;
Y=7430914;

7= 898.62

Elevation of the end: 910 m
Room fall a = 5°2"
Azimuth v =120°

The first 30 meters of mine room was
developed. On ort IOH-890, the azimuth
of ort was measuredv’'=34 °. Coordinates
of ort are X = 4792615, Y = 7429925, Z =
906.00. A room was included by a half of

profile the footwall of marl and it is eco-
nomically unprofitable. It is necessary to
redefine the designed elements of devel-
opment the mine room as the same would
be developed by coal and economically
viable.

Solution:

It is necessary to find the elements of
the apparent angle a ' of extension direc-
tion the room IOH-890 or a" ort IOH-890.
This will be done using the method of
descriptive geometry.

Due to the measured azimuth of ort, it
is obvious that the azimuth of room is
v'=124-304°. Real fall angle of a seam
was determined from the example and it is
EP v/a = 18/39. The apparent fall angle is
found using the method of descriptive
geometry, as it is shown in Figure 2.

Through an arbitrary point A, the first
planar projection of fall right is drawn of
the given azimuth (v=18 °, and profile for
which the apparent fall is required v =
34°). The fall right of planar the given
azimuth is dropped, and profile for which
the apparent fall is required. Dropping the
fall right has resulted into a triangle of real
fall AoAB. If through the point B is drawn
a planar on a direction in which the appar-
ent fall is required, the position of point C
is obtained, which has the same elevation
as B. Since the height of point A (AoA)
and the position of point C are known,
which is horizontal, the triangle of appar-
ent fall AOAC can be dropped and found
an apparent fall angle o '.

Thus, the apparent fall angle of ort of
o’ = 37° was obtained, and according to
Figure 2.
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EP v/o. = 18/39
v'=234"
a=37"

~
-~
PRUZANJE

Ay

Fig. 2. Determination the apparent angle fall a.',when the azimuth of apparent plane fall v’
and o are known. Example of ort IOH-890. Solution was given using the
method of descriptive geometry

Elements of real fall EP v/a = 18/39,

Elements of apparent ort fall IOH-890
EPv7/a" =34/37.

By the same method of descriptive ge-
ometry (Figure 3) the apparent fall of
room IOH-890 was determined per direc-
tion of extension — azimuth v =124-304 °,
to the amount of a.”"= 12°.

Elements of real fall EP v/a = 18/39,

Elements of apparent direction fall
IOH-890 EP v’ /a"" = 304/12.

Example 3
Example no. 2 could be solved using

the method of Charmels (Figure 4).

EPvia =18/39
v''=304°
a’=12°

Solution:

Height of point A can be taken as
equal to the unit, then a straight line AB
has value of ctg a. The Charmels method
opens the possibility for solution using the
mixed method of trigonometry and de-
scriptive geometry. For an arbitrary point
A, the straight line AB is drawn towards a
particular azimuth (v=18 °) of seam right
fall a = 39 with length that is equal to ctg
of fall angle of seam in some ratio. From
point B, the extension is drawn as the
normal straight line AB to the to the inter-
section with the right that is from point
drawn in the direction of the apparent de-
cline (v =34°).

/ﬁ

~.
PRUZANJE

Fig. 3. Determination the apparent fall angle o’ 'in the side IOH-890 using the method of descriptive
geometry when the azimuth of apparent fall v'"and o. are known.
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Straight line AC, then ( in the same ctga=5.2x0.25

ratio in which Ab is drawn) presents ctg o=arcctg 1.3

of angle of the apparent fall (Figure 4). 0'=375°
ctg39°= 1-234897 Using the Charmels method, the ap-
1 em=0.25 ctg unit parent fall angle of ort IOH-890 a’=37.5°
AB =ctg a=4.94 was obtained.

AC=ctga=5.2

Y~
PRUZANJE™

Fig. 4. Determination the apparent fall angle o.” usisng the method Charmels when the azimuth of
apparent fall v and the elements of a plane fall v/a. are known

By the same way, as it is shown in Fig- AB =ctg 0 =2.47

ure 5, the apparent fall angle of the room AC=ctga'=94

direction IOH-890 will be determined per ctga’=9.4x0.5

coal for the room azimuth of v "=124-304°. o= arcctg 4.7

The straight line AC then (in the same ratio o =12°

in which AB is drawn) presents ctg of ap- Using the Charmels method, the ap-

parent fall angle (Figure 5). parent fall angle of development per coal
ctg 39 °=1.234897 IOH-890 @’ "=12° was obtained.

1 cm = 0.5 ctg unit

Fig. 5. Determination the apparent fall angle o." ‘using the Charmels method when the azimuth of
apparent fall v'" and the elements of plane fall v/o. are known
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Example 4

Value of the apparent fall angle can be
also read using the celluloid protactor,
tables, diagrams, nomograms and the
Schmitt network. In the example 4, the
task no.2 will be solved by computer. In
working with a computer, the expression
is used:

o’= arctg (cosp.tga)
where (3 is a difference of azimuth that is
equal to the fall angles o and o’

Ort IOH 890 has the following ele-
ments:

EP v/a =18/39;

v'=345 so

o= arctg (cosp.tga)= arctg

((cos(34-18).tg39)),

a'=38.5°

Direction of development IOH 890 has
the following elements:

EP v/a=18/39; v '=304-124°, so

o’ '= arctg (cosp.tga)= arctg

((cos(304-18).tg39)),

o =12.5°

It is easy mathematically also to find
the fall angle of right drop « if any appar-
ent fall angle a 'and the azimuth of right
fall per formula are known.

o= arctg (tga'/cosP)

Using these formulae is preferable
with respect to the mapping of the pit de-
pending on the conditions where the nec-
essary elements are found which are ob-
jectively measured, and other are mathe-
matically derived. Thereby, the unneces-
sary drawing and errors are avoided that
occur at the same time with different
methods of descriptive geometry, and
other relatively inexact methods that were
explained earlier.

Now, let's go back to the results of cal-
culations. Obviously, the exact method
should be "THREE POINTS" to define the
elements of a real fall. All further results

using the different ways show practically
the same results. So, the contractors-
miners were addressed that further con-
tinuation of the room IOH-890 generally
will be continued to the fall from 12-
12.5°, as the room will follow the coal
seam. This room does not go by footwall
marl. The direct and indirect damages are
avoided that are measured tens of thou-
sands of Euros. And it is known that the
designer gave a fall in the mine room de-
velopment of only 5°.

By the same way as the IOH-890, the
elements of development were determined
for VU-1. A corner of development of 17°
was obtained. Here, the designer gave an
angle of 11°, so the room, instead along
coal, was developed along footwall marl.
Mine has accepted these calculations, and
the required rooms IOH-890 and VU-
Iwere developed faster, better and more
cost effective.

Large financial resources were saved.
And, that the mine facilities were hun-
dreds of meters long, with strict monitor-
ing of the project documentation, the
damages would be measured in hundreds
of thousands of Euros.

6. CONCLUSION

Mapping of the underground mine facili-
ties results into precise data on the types of
stratification, planar and linear, which are
developed in the deposit. The underground
mine facilities are the key shoots whose
proper mapping gives true and accurate data
for interpretation the observed data and, thus
the proper design and construction of under-
ground facilities.

This work tries to give the practical re-
sults of measurements and calculations the
mapping of basic elements in one under-
ground mine room and a part of deposit of
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the mine »Stavalj«, whose results are used
for correct design and development the un-
derground facilities as the rational and eco-
nomically the most optimum.

Knowing the basic principles of struc-
tural geology study of planar and linear in
the pit of the mine have much practical
help for the proper routing performance of
mining facilities. In the example of the
mine »Stavalj", the structural-geological
processing of a field in the pit and the ob-
tained results were shown in the use for
routing performance of the mine facilities
IOH-890 and V-1. Large financial re-
sources were saved..

The calculation results are shown as
undoubtedly correct. Through procesed
the methodology was shown that should
be almost complete use to get to the exact
data whose use depends on the economic
justification, often times a huge invested
financial assets..
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NOVA METODOLOGIJA OCENE UGROZENOSTI EKSPLOZIVNOM
UGLJENOM PRASINOM U JAMAMA RMU ,,REMBAS“ — RESAVICA

Izvod

U radu se obraduje postojeci pristup oceni ugrozenosti od eksplozivne prasine koji se sada
primenjuje u jamama RMU , Rembas“ — Resavica, daje ocena njegove primenljivosti, kao i

predlozi za odgovarajuce izmene.

Kljucéne redi: ugljena prasina, ugalj, rudnik, eksplozivna prasina

UvOD

Resavsko-moravski ugljeni basen nalazi
se u zapadnim delovima isto¢ne Srbije i u
geografskom smislu basen se prostire od se-
la Lipovica i Panjevac na severu do Cesto-
brodice i Smoljinca na jugu. Ukupna duzina
basena iznosi 45 km, a Sirina oko 7 km.
Sediste basena je u Resavici, a admini-
strativni centar ove oblasti je Despotovac.
Eksploatacija uglja u sklopu basena
odvija se na prostoru koji sada obuhvata
Cetiri leziSta:
- Strmosten,
- Jelovac,
- Ravna Reka — IV blok, i
- Senjski rudnik.

LeziSta Strmosten i Jelovac obuhvataju
severni deo Resavsko - moravskog ugljono-
snog basena, a nalaze se na jugozapadnim
padinama planine Beljanica. LeziSte Senjski
rudnik obuhvata juzni deo basena, a Ravna
reka — IV blok centralni deo. Sva Cetiri

" JP PEU Resavica
™ Institut za rudarstvo i metalurgiju Bor
*** Rudnik Mrkog uglja Purdevik

ugljonosna leziSta su potkopima (Strmo-
stenski, Jelovacki, Bucarski, Severni i Juzni)
povezani sa Separacijom u Resavici.
Geolosku gradu basena Cine razliCite
litostratigrafske jedinice paleozojske, mezo-
zojske 1 kenozojske starosti. Paleozoik je
predstavljen formacijom permskih crvenih
pescara koji imaju najveée rasprostranjenje.
Mezozoik je predstavljen jurskim kre¢nja-
cima ukljestenim u okviru krljusti u crvenim
pescarima i donjokrednim kre¢njacima.
Kenozoik je predstavljen stenama

tercijara i kvartara. U okviru tercijara
izdvojeni su andenziti uslovno paleogene
starosti i ugljonosna miocenska serija. Po
litoloskom sastavu i superpoziciji slojeva
ugljonosna miocenska serija predstavljena
je sa vise odeljaka, i to:

- bazalni odeljak,

- podina ugljenog sloja,

- ugljeni sloj,

- krovina ugljenog sloja

Broj 2,2012.

RUDARSKI RADOVI



Leziste uglja Resavsko - moravskog
basena pripadaju jezerskom i intramon-
tanskom tipu koja su stvarana tokom
donjeg miocena. U basenu je razvijen
jedan ugljeni sloj slozene grade koji je
obi¢no raslojen u dva, a negde i tri dela
tako da se dobija utisak o postojanju vise
ugljenih slojeva.

Debljina ugljene serije krece se od 0,5
— 25 m, prose¢no oko 7 m. Jalovi sedi-
menti u sloju izgradeni su od laporovitih i
ugljevitih glina, laporaca, glinovitih pe-
Scara 1 peScara.

Ugalj iz basena pripada grupi polu-
sjajnih mrkih ugljeva visokog sadrzaja
huminita, relativho visokog sastava lipti-
nita i niskog sadrZaja inertinita. Petrogra-
fski sastav uglja predstavljen je u tabeli 1.

Tabela 1. Petrografski sastav uglja u

basenu
Macerzllli 10 A)n;lnerall Vrednost
Tekstinit 0,5-10,0
Ulminit 11,0-42,5
Atrinit 0,5-15,5
Densinit 0,5-2,5
Gelinit 2,0-46,0
Liptiniti 1,0-15,5
Intertiniti 0,0-1,0
Glina 12,0 — 38,0
Pirit 5,0 —25,0

Tehnicke analize

uglja iz lezista u

okviru basena pokazuju sledeé¢e vrednosti

(tabela 2):

Tabela 2. Vrednosti tehnickih analiza ugljeva u basenu

PARAMETAR | Jedinica e R
mere Strmosten Jelovac S. rudnik rir(l;a

Vlaga % 18,75 17,79 15,33 18,31
Pepeo % 14,46 11,78 9,62 27,33
S-ukupni % 1,59 0,95 0,97 1,19
S-sagoriv % 0,98 0,49 0,48 0,86
S-u pepelu % 0,76 0,46 0,45 0,42
Koks % 45,86 47,36 48,85 48,46
C-fix % 31,75 35,59 39,23 20,76
Isparljive materije % 35,64 35,62 35,82 33,23
Sagorljive materije | % 65,82 69,67 75,05 53,97
DTE kJ/kg 18.892 18.953 19.950 14.273
GTE kJ/kg 17.680 20.269 21.086 14.879

Jame RMU ,Rembas“ otvorene su uglja. razli¢itog intenziteta, a Sto se

razli¢itim sistemima: oknima, potkopima i
niskopima zavisno od dubine i elemenata
zaleganja, te su prema njima odredeni
sistemi transporta i izvoza uglja.
Otkopavanje ugljenog sloja u svim
jamama vrsi se klasicnim stubnim V i G
metodama sa tehnologijom miniranja. Sama
izrada rudarskih prostorija visi se busacko-
minerskim radovima i podgradivanjem sa
Celicnom i delimi¢no drvenom podgradom.
U svim fazama tehnoloskog procesa
eksploatacije stvara se praSina, i to pri
busenju, miniranju, utovaru i odvozu

utvrduje merenjima.

1. POSTOJECA METODOLOGIJA
OCENE UGROZENOSTI EK

SPLOZIVNOM UGLJENOM

PRASINOM

Sva potrebna merenja i uzimanje
uzoraka u jamama vrSena su pri

uobicajenom tehnoloskom procesu i
postoje¢im ventilacionim uslovima. U
okviru neposrednih merenja u jamama je
vrseno sledece:
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- merenja  intenziteta  izdvajanja
prasine po tehnoloS§kim fazama rada,

- merenje intenziteta taloZenja prasine
u jamskim prostorijama,

- uzimanje uzoraka nataloZene prasine
u jamskim prostorijama za labora-
torijska ispitivanja,

- merenje ventilacionih i klimatskih
parametara na odredenim mernim
mestima (profili prostorija, brzina
vazduha, temperature t,, t,) na osno-
vu kojih su dobijeni podaci o raspo-
deli vazduha i relativnoj vlaznosti.

Glavni izvori izdvajanja praSine u

jamama pri postoje¢em tehnoloskim fazama
rada su:

- busenje minskih busotina,

- miniranje,

- utovar,

- transport uglja.

1.1. Utvrdivanje intenziteta izdvajanja
prasine po fazama tehnoloskog
procesa (buSenje, miniranje,
transport) na svim radiliStima i
svim jamskim prostorijama.

Ukupna koncentracija ugljene prasSine
(N, mg/m’) odredena je neposrednim
gravimetriskim merenjem, na osnovu cega
su racunski odredeni:

- apsolutni  intenzitet  izdvajanja

prasine, putem obrasca [,-Ny .V gde
je V-ukupna koli¢ina vazduha (m?/s)

- relativni intenzitet izdvajanja
ukupne prasine, putem obrasca
1 -t
I=-24-C (mg/t),
gde su:

tc — vreme efektivnog delovanja izvora
(radne operacije),

P- proizvodnja uglja za vreme instru-
mentalnog merenja.

1.2. Utvrdivanje intenziteta taloZenja
prasine u otkopnim, pripremnim,
transportnim i ventilacionim
prostorijama

Odredivanje intenziteta talozenja ugljene
prasine, koja se talozi na pod prostorije, vrsi
se merenjem mase praSine koja se istalozi u
odredenom  vremenskom periodu, na
taloznim povrSinama, postavljenim na
izabranim mernim mestima.

1.3. Laboratorijsko ispitivanje prasine

Na uzetim uzorcima natalozene ugljene
prasine na odredenim lokacijama vrsi se:
- odredivanje granulometriskog sastava i
- delimi¢na analiza hemiskog sastava
uzoraka praSine

2. KATEGORIZACIJA PROSTORIJA
PO STEPENU OPASNOSTI OD
EKSPLOZIVNE UGLJENE
PRASINE

2.1. Kriterijumi za ocenu stepena
opasnosti od ugljene prasine

Osnovni kriterijum za ocenu opasnosti
od ugljene prasSine je utvrdena donja
granica eksplozivnosti Ny, (g/m’), koja
predstavlja  minimalnu  koncentraciju
ugljene prasine u vazduhu cija bi se
eksplozija prenela na §iri prostor jame.

2.2. Odredivanje vremenskog
faktora rizika

Ovaj parametar predstavlja procenu
vremena potrebnog za stvaranje potenci-
jalnih uslova za eksploziju ugljene prasine
u odredenim delovima jame, i izracunava
se analiticki obrascem:

Nmin_Nks h

T,=
I

Npmin — donja granica eksplozivnosti
(g/m’)
Nis — utvrdena srednja koncentracija
izdvojene ugljene prasine u
odredenom delu jame (g/m”’)
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Is- utvrdeni intenzitet talozenja u
odredenom delu jame (g/m*/dan)
h — prosecna kriti¢ina visina deonice

2.3. Odredivanje pojedinac¢nog indeksa
eksplozivnosti u funkciji

T, _ vremenski faktor rizika (dan)
T4 — vreme koriS¢enja rudarske
prostorije (dan)

Ek:i >1 —ne postoji opasnost od
Ty

vremenskog koriS¢enja rudarskih eksplozije
prostorija T ..
Ey- 22 <1 - postoji opasnost od
Eksplozivni  indeks se  odreduje Ty
eksplozije
analiticki kao By 1o plozy
Ty
Tabela 3. Utvrdeni parametri natalozene ugljene prasine
JAMA
PARAMETAR Strmosten Jelovac S.Rudnik Ravna
Reka
?;grz‘” isparljivih materija | ¢ g 5 5 222-354 | 30,9-574 25,4-67,2
Gran. sastav prasine,
frakeija ispod 7177/ 75,7 -82,1 80,9 -92,6 66,4 -97.,0 51,7 -63,7
Vremenski faktor rizika u
funkciji brzine taloZenja 64-323 15-575 7-222 2-273
prasine (dana)

- Svi ispitivani uzorci sadrze vise od
14% isparljivih materija

- Svi ispitivani uzorci imaju manje od
80% nesagorive supstance

- Vremenski rizik u brzini talozenja
opasne praSine moze se usvojiti samo
kao orjentacioni podatak

3. METODOLOGIJA OCENE
UGROZENOSTI EKSPLOZIVNOM
PRASINOM MERENJIMA ,,ME-
TODOM POJASEVA“

Za razliku od napred opisane metodo-
logije ocene ugrozenosti eksplozivnom
ugljenom prasSinom bazirane na merenju
lebdeée ugljene prasine, “metoda pojaseva‘
je zasnovana na merenjima nataloZene
prasine u rudarskim prostorijama. Meriti
lebdecu ugljenu prasinu u vazduhu, radi
ocenjivanja ugrozenosti od eksplozije nije
realno, jer u normalnim uslovima ona se
pojavljije u miligramima, a za eksploziju su
potrebne koncentracije u desetinama i
stotinama grama. Takoder analiticki dolaziti

do vremenskog rizika ugrozenosti, a na
osnovu merenja koncentracija lebdece
prasine je neprecizno, radi Ceste izmene u
Sirokom dijapazonu drugih parametara u
jednacini, a §to moze dovesti do zablude o
opasnosti. Realan podatak o ugrozenosti
eksplozivnom ugljenom prasinom dobiva se
primenom merenja koncentracija natalozene
prasine ,,metodom pojaseva‘“. Vodec¢i racuna
0 mestima izvora praSine, nacina prove-
travanja i tehnologije eksploatacije vrsi se
izbor prostorija za merenje i mikrolokacije
mernih mesta. Merna mesta odreduju se na
osnovu vizuelne kontrole tako $to se biraju
lokacije sa najve¢om zapraSenosti.Na mer-
nim mestima se sakuplja natalozena prasina
sa krovine, bokova i podine rudarske pro-
storije i to u Sest pojaseva po 30 cm Sirine.
Sa svakog od pojaseva sakupljena prasina se
oznacava i pakuje u odgovarajuée posude ili
kese, a takoder se meri i poprecni profil
prostorije na mestu uzorkovanja.

Na slici 1. dat je prikaz mernog mesta
nataloZene prasine sa obeleZenim pojasevima.
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—> smer kretanja vazdusne struje
® —> smer kretanja transportera uglja

SL. 1. Prikaz mernog mesta nataloZene prasine sa obelezenim pojasevima

Dalji deo ispitivanja se vr$i u
laboratoriji gde se odreduje sadrzaj sago-
rivih 1 sadrzaj nesagorivih materija i
odreduje granulometrijski sastav uzorko-
vane prasine. PraSina veliine iznad 1,0
mm se odbacuje jer ne predstavlja opa-
snost za prenos eksplozije, dok se tezine
ostalih granulacija sabiraju i predstavljaju
vrednost potencijane natalozene prasine za
eksploziju.

Odredivanje  zaprasenosti
prostorije vrsi se na slede¢i na¢in:

_ q 3
= 036 F (g/),
qn — zaprasenost rudarske prostorije

natalozenom ugljenom praSinom
(g/n)
q — tezina sakupljene praSine sa svih
Sest pojaseva (g)
F — poprecni profil rudarske prostorije
na mernom mestu (m?)

rudarske

Izraunata zaprasenost se uporeduje sa
vredno$¢u donje granice eksplozivnosti koja
je odredena ispitivanjem eksplozivnosti
ugljene prasine za konkretan sloj, odnosno
jamu. Ako je izmerena zapraSenost veca od

donje granice eksplozivnosti tada je prisutna
opasnost od eksplozivnosti i nalazu se
adekvatne mere zastite.

Kod ove metode vodi se racuna i o dva
parametra koji direktno uti¢u na opasnost
od prasine i1 to: sadrzaj nesagorivih
materija isadrzaj grube vlage u uzorcima.
Naime, nataloZena ugljena prasina iz sloja
koji je zgrozen eksplozivnom ugljenom
prasinom je bezopasna ako sadrzi:

* nesagorive supstance u koli¢ini vecoj
od 70 % u nemetanskim prosto-
rijama, odnosno 80 % u metanskim
prostorijama,

* grubu vlagu u koli¢ini koja onemo-
gucava prenosenje eksplozije i kojau
potpunosti  sprecava uzvitlavanje
ugljene prasine.

vlage

Minimalni  sadrzaj grube

izra¢unava se po obrascu :
We 70xd + 2440
d+70
W — gruba vlaga koja obezbeduje da
ugljena prasina ne moze lebdeti
(%0)
d — sadrzaj frakcije praSine ispod
70 nm (%)

~0,63-n (%)
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n — sadrZajnesagorivih Cestica u uglje-
noj prasini (%)
Ukoliko nisu ispunjeni navedeni uslovi
tada je uzorkovana ugljena na mernom
mestu opasna.

ZAKLJUCAK

Utvrdivanje, odnosno ocena ugroze-
nosti eksplozivhom ugljenom praSinom
podzemnih rudarskih prostorija je sloZen i
odgovoran zadatak tehnickog osoblja ru-
dnika, koje mora blagovremeno doneti i
sprovesti odgovaraju¢e mere zastite. Me-
todologija merenja koncentracija lebdece

praSine i analiticki izraz o oceni opasnosti
u samom pristupu ima niz nepoznanica, te
se u ovom radu prislo njenoj analizi i
razradi metodologije zasnovane na
merenju natalozene prasine u rudarskim
prostorijama ,,metodom pojaseva‘.

Ispitivanjima u laboratorijskim uslovima
po standardizovanoj metodi utvrdeno je da
je ugljena prasina u sve Cetiri jame RMU
,,-Rembas* pod odredenim uslovima eksplo-
zivno opasna. Donja granica eksplozivnosti
za ugljenu prasinu iz ovih jama prikazana je
u tabeli 4.

Tabela 4. Parametri eksplozivnosti ugljene prasine u jamama RMU ,, Rembas “

JAMA
KARAKTERISTIKA Strmosten Jelovac | S.Rudnik Ravna
Reka
Donja granica eksplozivnosti
pragina (g/m’) u sistemu 200 300 320 -
* praSina — vazduh
* prasina — vazduh — 2% CH,4 125 200 180 100

Utvrdena donja granica eksplozivnosti
uporeduje se sa koli¢inom ugljene prasine
prikupljene na mernim mestima i daje
ocena u stvarnom stanju zaprasenosti.
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Abstract

The paper discusses the current approach to evaluation of the threat of explosive dust that is
now used in the mines of RMU "Rembas" — Resavica, gives an appreciation of its applicability, as

well as suggestions for appropriate changes.
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INTRODUCTION

The Resavsko-Moravski Coal Basin is
located in western Serbia and eastern parts
of the geographic basin extend from the
village of Lipovica and Panjevac to the north
and Cestobrodica and Smoljinca to the
south. The total length of the basin is 45 km
and width of about 7 km. The headquarters
of the basin is in Resavica and the admini-
strative centre of the area is Despotovac.

Coal mining in the basin takes place in
the area that now includes four deposits:

- Strmosten

- Jelovac

- Ravna Reka - IV block and
- Senjski Mine

The deposits in Strmosten and Jelovac
include the northern part of Resavsko-
Moravski Basin, situated on the south-
western slopes of the mountain Beljanica.
Deposit of the Senjski Mine covers the
southern part of the basin, and Ravna

* JP PEU Resavica

Reka - IV block the central part. All four
coal-bearing  deposits  (Strmostenski,
Jelovacki, Bucarski, North and South) are
connected by adits to the Separation facil-
ity in Resavica.

The geological structure is made of the
different lithostratigraphic units of Paleo-
zoic, Mesozoic and Cenozoic ages. Paleo-
zoic is represented by Permian red sand-
stone formations that have the greatest
extent. Mesozoic is represented by Juras-
sic limestones squeezed in the red scales
in the Lower Cretaceous sandstones and
limestones.

Cenozoic is represented by rocks of
the Tertiary and Quaternary. Within the
Tertiary were selected adenitis conditional
Palaeogene coal-bearing age and the Mio-
cene series. By superposition and
lithological composition of coal-bearing
strata of Miocene series is presented with
multiple sections, as follows:

** Mining and Metallurgy Institute Bor, 35 Zeleni bulevar, 19210 Bor

*** Mine of Brown coal Purdevik
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- Basal,

- Flora of the coal seam
- Coal seam,

- Roof of the coal seam

The coal deposit of the Resavsko-
Moravski Coal Basin belongs to the lake
and intramontanic type that were created
during the lower Miocene. The basin has
developed a seam of carbon composite
material that is usually stratified into two
and sometimes three parts so that the im-

pression of the existence of multiple coal
seams is given.

Thickness of the coal series ranges
from 0.5 - 25 m, an average of 7 m. Bar-
ren sediments in the seam have been con-
structed from marls and coal like clays,
sandstone and clayey sandstone.

Coal from the basin belongs to the
group of middle bright brown coal with a
high content of humanite relatively high
composition of liptinite.

Petrographic composition of coal is
presented in Table 1.

Table 1. Petrographic composition of coal in the basin

Macerale and minerals (%) Values

Tekstinite 0.5-10.0

Ulminite 11.0-42.5

Atrinite 0.5-155

Densinite 0.5-25

Gelinite 2.0-46.0

Liptinite 1.0-15.5

Intertinite 0.0-1.0

Clay 12.0-38.0

Pyrite 5.0-25.0

Technical analysis of the coal deposits in the basin shows the following values (Table 2):

Table 2. Value of technical analysis in the coal basin

. Mine
PARAMETER Unit Strmosten Jelovac Senjski Mine Ravna Reka

Moisture % 18.75 17.79 15.33 18.31
Ash % 14.46 11.78 9.62 27.33
S-total % 1.59 0.95 0.97 1.19
S-burns % 0.98 0.49 0.48 0.86
S-in ash % 0.76 0.46 0.45 0.42
Coke % 45.86 47.36 48.85 48.46
C-fix % 31.75 35.59 39.23 20.76
Volatile matters % 35.64 35.62 35.82 33.23
Combustible materials % 65.82 69.67 75.05 53.97
DTE kJ/kg 18,892 18,953 19,950 14,273
GTE kJ/kg 17,680 20,269 21,086 14,879

The mines at RMU "Rembas" are open
to different systems: ducts, and undermin-
ing depending on depth and other ele-
ments, and according to their particular
systems of transport and export of coal.

Excavation of coal seams in all shafts
is made by the traditional pillar V and G
methods of mining technology. The con-
struction and development of mining fa-
cilities shall be drilling-mining, drainage

works and partly with steel and wooden
support.

In each phase of the process of exploi-
tation creates dust and drilling, blasting,
loading and transporting coal in varying
intensity, which is determined by meas-
urements.

The mines at RMU "Rembas" are open
to different systems: ducts, and undermin-
ing depending on depth and other elements,
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and according to their particular systems of
transport and export of coal.

Excavation of coal seams in all pits is
done by the traditional pillar V and G meth-
ods of mining technology. The construction
and development of mining facilities shall be
drilling-mining, drainage works and partly
with steel and wooden support.

In each phase of the process of exploita-
tion creates dust and drilling, blasting, load-
ing and transporting coal in varying inten-
sity, which is determined by measurements.

1. THE CURRENT RISK ASSESS-
MENT METHODOLOGY FOR
EXPLOSION OF COAL DUST

All necessary measurements and sam-
pling were carried out in the pits during
normal production process and existing ven-
tilation conditions. The direct measurement
of the pits was carried out as follows:

- Measuring the intensity of techno-

logical dust extraction stages,

- Measuring the intensity of dust

deposition in the pit areas,

- Taking samples of deposited dust in

the pit areas for laboratory testing

- Measurement of ventilation and cli-

mate parameters at specific measuring
points (profiles of the rooms, air rate,
temperature, t;, t,,) under which data
were obtained on distribution and rela-
tive air humidity.

The main sources of dust extraction holes
in the existing technological stages are:

- Drilling of blast holes

- Blasting

- Loading

- Transport of coal

1.1. Determining the intensity of dust
extraction stages of technological
process (drilling, blagting, and trans-
port) at all sitesand all pit areas

Total concentration of coal dust (N,
mg/m’) was determined by direct meas-
urement, based on which the following
was calculated:

- Absolute intensity of the dust extrac-
tion, using the form I, = Ny * V,
where V is the total amount of air
(m’/s)

- Relative intensity of total dust ex-
traction, using the form

I,-t
== (mg /1),
where:
tc -sources of effective work time

(operations),
P - coal production during the in-
strumental measurements.

1.2. Determining theintensity of dust
deposition in the excavated,
preparation, transport and
ventilation facilities

Determination the intensity of deposi-
tion of coal dust that accumulates on the
floor, carried out by measuring the mass
of dust that the turbidity settles down over
time, the sediment surface, positioned at
selected measuring points.

1.3. Laboratory testing of dust

For samples, taken of a coal dust de-
posited on specific locations, shall be:
- Determination of textures and
- Partial analysis of chemical com-
position of dust samples

2. CLASSIFICATION OF ROOMS
BY EXPLOSIVE RISK FROM
COAL DUsST

2.1. Criteriafor assessing the degree of
danger of coal dust

The main criterion for assessing the
hazards of coal dust is determined Lower
Explosive Nmin (g/m’), which represents
minimum concentration of coal dust in the
air that would be transferred to the explo-
sion of a wider area of the pit.

2.2. Determining thetime of risk factors

This parameter is an estimate of time
needed to create the conditions for a po-
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tential explosion of coal dust in certain
parts of the pit, and is calculated by the
analytical form:

T:Nmin_NkS h

I
Ninin - Lower Explosive Limit (g/m’)
Ncs - specified mean concentration of
extracted coal dust in a certain
part of the mine (g/m’)
I - determined intensity of precipitation
in a particular part of the mine

(g/m*/day)
h - average amount of critical stock

2.3. Determination of explosion indices
of individual asa function of time
of mining usethe premises.

Explosive index is determined ana-

lytically as Ek = T,
d
T, - time-risk factor (day)
T4 - time usage mining facilities (day)

Ey YRS 1 - there is no danger of

T,

explosion

Ex = I . there is a danger of explosion

Ty
Table 3 Operational parameters of deposited coal dust
Underground pit
PARAMETER Strmosten Jelovac S.Mine Ravna Reka
Content of volatile matters (%) 16.9-25.5 22.2-354 30.9-574 25.4-67.2
Grain size distribution of dust,
fraction below 71 771 75.7-82.1 80.9-92.6 66.4—97.0 51.7-63.7
Time of I'ISk factor as the function of 64-323 15-575 7222 2073
dust deposition rate (days)

- All samples containing more than
14% volatile matter

- All samples have less than 80% in-
combustible substances

- Time in the risk of dangerous dust
deposition rate can be adopted only
as an orientation data

3. RISK ASSESSMENT METHOD-
OLOGY OF EXPLOSIVE DUST BY
MEASUREMENTSOF THE"BELT
METHOD"

Unlike the above described methodol-
ogy of vulnerability assessment explosive
coal dust based on measurements of air-
borne coal dust, the "belt method" is based
on measurements of deposited dust in
mining areas. Measure coal dust floating
in the air, in order to evaluate the vulner-
ability of the explosion is not realistic,
because in normal conditions it accrues in
milligrams, and the explosion of the re-
quired concentration in the tens and hun-
dreds of grams. Also coming to an ana-

lytical time of vulnerability and risk by
measuring the concentration of airborne
dust is imprecise, for frequent changes in
a wide range of other parameters in the
equation, which can lead to misconcep-
tions about the dangers. Real information
about the vulnerability of explosive coal
dust measurements obtained using the
concentration of deposited dust '"belt
method." Taking into account the loca-
tions of dust sources, methods of ventila-
tion and exploitation technology selects a
measurement of the micro location of
measuring points. Measuring points are
determined by visual inspection to choose
locations with the largest measuring points
of dust concentration. Deposition of dust
collected from the top soil, hips and foot-
wall mining areas and to the six bands of
30 cm width. With each of the collected
dust belt is marked and packed in suitable
containers or bags, and also measured the
cross section of the room at the sampling
point.

No 2, 2012.

MINING ENGINEERING



i i

N B s o M

e P
P B =31 |

—> direction of airflow
® —> direction of coal conveyor

Figure 1. Presents the measurement of accumulated dust from the marked zones.

Further testing is carried out in a labo-
ratory where the combustible content is
determined and the content of combustible
matter and determined particle size distri-
bution of sampled dust. Dust size above
1.0 mm is rejected because it does not
pose a risk for transmission of the explo-
sion, while the weight of other grits are
added together and the accumulated value
to potential dust explosion.

Determination of dust in mining areas
is as follows:

q 3
= —1— (g/m
q 03.6.F (g/m’)

dn - mining areas of dust deposited
coal dust (g/m’)

q - weight of dust collected from all
six bands (g)

F - cross section of the mining areas of
measurement point (m?)

Dust calculated value, compared with
the lower explosion limit, is determined by
investigation the explosion of coal dust in a
specific seam or pit. If the measured dust is
higher than the lower explosive limit, then a
risk of explosion is present and the appropri-
ate protective measures are required,

In this method, two parameters have to
be considered that directly affect the risk
of dust as follows: non-combustible mate-
rial content and the content of free mois-
ture in the samples. The deposition of coal
dust layer is disgusted explosive coal dust
is harmless if it contains:

* incombustible substance in quantities
higher than 70% of non-methane
facilities, and 80% methane in the
rooms,

* the amount of moisture in the rough,
which prevents transmission of the
explosion that completely prevents
redistribution of coal dust.

Minimum free moisture content is cal-

culated using the formula:
_ 70xd + 2440
d+70

W - rough humidity, which ensures

that coal dust can float (%)

d - dust content of the fraction below

70 (%)

n — content of combustible coal dust

particles (%)

~0.63-n (%)
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If the above conditions are not met
then the coal, sampled at the measuring
point, is dangerous.

CONCLUSION

Establishing or threat from explosive
coal dust underground mining facilities is
complex and responsible task of the mine
technical personnel who must make and
implement the appropriate protective
measures on time. Methodology for meas-
uring the concentration of airborne dust and

analytical expression for risk assessment in
the approach has a number of unknowns,
and in this study has approached its analy-
sis and develop a methodology based on
measurement of accumulated dust in min-
ing areas using the "belt method."

Testing in the laboratory by standard-
ized methods showed that the coal dust in
all four pits in RMU "Rembas" is explosive
under the certain dangerous conditions.
Lower explosive limit for coal dust from
these pits is shown in Table 4.

Table 4 Parameters of coal dust explosion in the pits RMU "Rembas"

. Under ground pit
Characteristics Strmosten Jelovac SMine Ravna Reka
Lower explosive dust in the
system (g/m°) 200 300 320 -
* dust — air
* dust — air — 2% CH, 125 200 180 100

The established lower explosion limit is
compared with the amount of coal dust
collected at the measuring points and
gives the evaluation in the actual condi-
tion of dust.
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Izvod

Sededk

Polimetalicne baritske rude predstavljaju tehnoloski veoma slozene sirovine iz kojih je moguce
izdvojiti vise korisnih komponenata prema komplikovanim tehnoloskim Semama. U radu su
prikazana tehnoloska ispitivanja dva uzorka polimetalicne baritske rude, u cilju dobijanja
kolektivnog koncentrata sulfida i koncentrata barita.

Kljuéne reci: polimetalicna ruda, barit, flotacijska koncentracija

UvoD

Polimetali¢ne baritske rude predstavljaju
tehnoloski veoma slozene sirovine iz kojih je
moguce izdvojiti vise korisnih komponenata,
ali prema komplikovanim tehnoloskim
Semama [1,2]. Ove Seme najcesce ukljucuju
viSe postupaka koncentracije, kao $to su
flotacijska koncentracija i fizicke i hemijske
metode [2,3]. Pored toga $to sadrze veliki
broj korisnih mineralnih komponenata,
njihovo srastanje je veoma komplikovano jer
se javljaju u vidu sitnozrnih agregata, pa ih je
teSko ili gotovo nemoguée izdvojiti u
zasebne koncentrate [1].

Uzorci 1 i 2 predstavljaju polimetalicnu
baritsku rudu. Na uzorcima su sprovedena
laboratorijska flotacijska ispitivanja u cilju
izdvajanja sulfidnog koncentrata i koncen-
trata barita. U radu su prikazani samo
rezultati konaénih eksperimenata.

* Institut za rudarstvo i metalurgiju Bor

1. FIZICKO-H]:IMIJSM I
MINERALOSKA
KARAKTERIZACIJA UZORAKA

1.1. Hemijska analiza uzorka
Tabela 1. Hemijska analiza uzoraka

[Element, 1 2
Cu% 33 0.90
Zn% 6.76 561
Pb % 4,28 5,00
Au g/t 17 16
Agglt 902 1125
Ba % 9,59 14,01
BaSO, % 16,30 23.80
S 37,10 35.05
Ssuian % 35,00 32,58
Ssuifatmi %0 2,10 2,47
Ca0 % 0,085 0,11
Si0, % 5,12 2,39
Pra/t 0,05 20,05
Mo % 0,0035 0,0040
As % 0,41 0,30
ALO, 0,20 0,23
Fe % 2585 26,61
FeO % <0,5 <0,5
Fe;04 % <03 <03
MgCO; % 0,10 0,096

** Fakultet za menadzment, Megatrend Univerzitet

o Ovaj rad je proistekao kao rezultat projekta TR 33023 ,, Razvoj tehnologija flotacijske prerade
ruda bakra i plemenitih metala radi postizanja boljih tehnoloskih rezultata™ finansiranog od
strane Ministarstva prosvete i nauke Republike Srbije
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1.2. Mineralo$ka analiza uzoraka

Kvalitativna mineralos$ka analiza uzo-
rka ,,1” pokazala je da je mineralni sastav
sledeci:

Pirit, sfalerit, galenit, markasit, luzonit,
enargit, tenantit, halkopirit, kovelin, halko-
zin, bornit, minerali srebra, samorodno zlato,
barit, kvarc, podredeno karbonati. Sadrzaj
sulfidne mase iznosi 79,6 %.

Kvalitativna  mineraloSka  analiza
uzorka ,2” pokazala je da je mineralni
sastav sledeci:

Pirit, sfalerit, galenit, markasit, luzonit,

enargit, tenantit, kovelin, halkopirit,
minerali srebra, samorodno zlato, barit,
kvarc, podredeno karbonati. Sadrzaj

sulfidne mase iznosi 72,8 %.
1.3. Prirodna pH vrednost uzoraka

Prirodna pH vrednost uzoraka rude je
odredena merenjem pH rude i cesmenske
vode (pH=6,80), u odnosu 1:1 posle 30
minuta stajanja i posle 24 sata stajanja.

PH30 min 1= 4,77

1.4. Gustina uzoraka

Gustina uzoraka rude je odredena
metodom  staklenih  piknometara sa
vakumiranjem. Srednja vrednost gustine iz
tri merenja je:
pi1=4.725 kg/m’
po=5.005 kg/m’

1.5. Nasipna masa uzoraka

Nasipna masa je odredena na krupnoci
rude -3,35 mm. Srednja vrednost nasipne
mase iz tri merenja je:

A=2,458 ym’
Ay=2,555 t/m’

1.6. Kinetika mlevenja

Za potrebe daljih istrazivanja, na
uzorcima je uradena kinetika mlevenja.
Svi eksperimenti mlevenja izvedeni su u
elipsoidnom mlinu sa kuglama, zapremine
14,6 11 sa Sarzom kugli mase 13,45 kg na
pocetku ispitivanja. Sadrzaj cvrstog u
mlinu bio je 75%. Kinetika mlevenja
prikazana je u tablicama 2 i 3 i na slikama

pHaan 1= 4,30 6i7.
PH30 min2 = 4,38
pHonz = 4,68
Tabela 2. Kinetika mlevenja uzorka 1
1 2 min 4 min 7 min 10 min
m% | D% m% | D% m% | D% | m% | D%
-1,70+1,180 11,20 | 100,0
-1,18+0,850 3,0 88,0
-0,850+0,600 | 4,6 84,6 1,4 | 100,0
-0,600+0,425 | 54 79,8 0.4 98,6
-0,425+0,300 8,4 74,6 1,6 98,2
-0,300+0,212 | 9.4 66,4 5,4 96,6 0,2 100,0
-0,212+0,106 | 16,4 | 58,2 | 21,0 | 91,2 7,5 99,8 1,8 100,0
-0,106+0,075 | 6,0 42,4 9,4 70,2 8,7 92,3 | 520 | 982
-0,075+0,053 | 4,6 36,8 6,8 60,8 8,5 83,6 | 7,20 | 93,0
-0,053+0,038 | 3.6 32,4 6,4 54,0 6,7 75,1 8,20 | 85,8
-0,038+0 274 | 29,2 | 47,6 | 47,60 | 684 | 684 | 77,6 | 77,6
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SL. 1. Kinetika mlevenja uzorka 1

Tabela 3. Kinetika mlevenja uzorka 2

2 min 4 min 7 min 10 min
m% | D% m% | D% m% | D% | m% | D%
-1,70+1,180 11,20 | 100,0
-1,18+0,850 3,0 88,8
-0,850+0,600 4,6 85,8 2.4 100,0
-0,600+0,425 5,4 81,2 0,8 97,6
-0,425+0,300 8,4 75,8 2,6 96,8
-0,300+0,212 9,4 67,4 6,8 94,2 0,4 100,0
-0,212+0,106 | 16,4 58,0 | 22,2 87,4 10,4 | 99,6 3,0 100,0
-0,106+0,075 6,0 41,6 9,0 65,2 10,0 89,2 7,4 97,0
-0,075+0,053 4.6 35,6 7,2 56,2 9,8 79,2 8,6 89,6
-0,053+0,038 3,6 31,0 6,0 49,0 7,6 69,4 9.4 81,0
-0,038+0 27,4 274 | 43,0 | 43,0 61,8 61,8 71,6 | 71,6
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2.1. Flotacijska koncentracija

Posle odredenog broja flotacijskih
eksperimenata, na oba uzorka su utvrdeni
osnovni tehnoloski parametri i izvedeni su
zavr$ni eksperimenti sa preciS¢avanjima
koncentrata barita. Na slikama 3 1 4,

prikazane su Seme prema kojima su
izvedeni zavr$ni eksperimenti. U tabli-
cama 4 1 5 prikazani su ostvareni
tehnoloski rezultati.

Uzorak 1
20 ght 20 it
KEX ppx 20gh
40gHKEX 0.4 gy FEK
40 git KAX KAX KAX 20 g/t 500 g/t Na;5i10;
40 g/t D250 KAX 500 g/t AB4S
On
— —— ;
(o]
t=5min t= 5 min KoBa
9 H$,7
75% C pH mwwps_o = S
Nz -
75% -0,075 mm Ks I pH89
C:T=1:3 Onl
6,84 kg/t Na2CO3 s
KIBa
O, 11
O, Il “ KilBa
K, 111
-
SL. 3. Sema eksperimenta na uzorku 1
Tabela 4. Ostvareni bilans koncentracije u eksperimentu na uzorku 1
1 m % Zn % I % Pb% Iy % Cu % TIcu % Au g/t Lau % Ag g/t Ty % BaS0, % Tgasos %o
U 100,00 6,03 100,00 2,68 100,00 1,31 100,00 1,44 100,00 109,71 100,00 13,69 100,00
Ks 83,04 7,16 98,56 3,05 94,33 1,55 98,00 1,6 92,07 127,7 96,65 6.4 38,81
Os 16,96 0,51 1,44 0,90 5,67 0,16 2,00 0,67 7,93 21,65 3,35 49,41 61,19
J 3,13 1,40 0,73 1,40 1,63 0,24 0,57 0,2 0,44 29,7 0,85 3,30 0,75
Kog, 13,83 0,31 0,71 0,78 4,04 0,14 1,43 0,78 7,48 19,83 2,49 59,84 60,44
Oiga 1,37 0,56 0,13 1,95 0,99 0,22 0,23 0,3 0,28 84,4 1,05 3,66 0,37
Kiga 12,46 0,28 0,59 0,66 3,04 0,13 1,20 0,83 7,20 12,73 1,44 66,02 60,07
Ouga 1,41 0,62 0,14 2,18 1,14 0,28 0,30 03 0,29 32,9 0,42 7,00 0,72
Kupa 11,05 0,24 0,44 0,46 1,90 0,11 0,91 0,90 6,91 10,16 1,02 73,55 59,35
Omgsa 1,46 0,84 0,20 2,18 1,18 0,35 0,39 29 2,93 35,5 0,47 26,57 2,83
Kinsa 9,59 0,15 0,24 0,20 0,72 0,071 0,52 0,6 3,98 6,3 0,55 80,70 56,52
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Uzorak 2 20ght
KEX 20t
s0ghpso 208t KEX 20gh
MW gtKEX ~ KAX  20gh 2'(0'?;[ 500 g/t Na,SiOs
KAX 500 g/t AB4S
40 g/t KAX TAX g/
S ey B o N
75%C t=5min t=5 min
75% -0,075 mm pH pH 89
C:T=13 Ks 200 g/t Na,SiO,
6,84 kg/t Na2CO3
Og, 1 —
— o
O, 1

K, 111

SL. 4. Sema eksperimenta na uzorku 2

Tabela 5. Ostvareni bilans koncentracije u eksperimentu na uzorku 2

2 m% | Zn% | 1% | Pb% | W% | Cu% | Iau% | Augh | Tu% | Aggt | L% | Baso.% Tossos %
U 100,00 | 4,76 100,00 | 3,08 | 100,00 | 0.80 100,00 | 143 10000 | 11004 | 100,00 | 21,69 100,00
Ks 69,21 5,21 75,82 3,74 83,99 1,06 91,64 1,6 77,54 1354 85,16 9,10 29,03
Os 30,79 3,74 24,18 1,60 16,01 0,22 8,36 1,04 22,46 53,04 14,84 50,00 70,97
J 1068 | 838 1882 | 351 | 1206 | 045 601 0.8 5,98 1002 | 1060 | 1032 5,08
Kom | 2011 | 127 | 537 059 | 384 009 | 235 1,17 1649 | 2322 | 424 71,07 65.89
Ouga 1,18 7,01 1,74 2,93 1,12 0,33 0,49 53 438 78,1 0,84 17,39 0,95
Kisa 18,93 0,91 3,63 0,44 2,72 0,08 1,86 0,91 12,11 19,80 3,40 74,42 64,94
Ousa 1,01 4,99 1,06 2,01 0,66 0,25 0,31 2,0 1,41 55,0 0,50 17,39 0,81
Kia 17,92 0,68 2,57 0,35 2,06 0,07 1,55 0,85 10,70 17,81 2,90 77,63 64,13
Oum | 265 203 | 022 L3 | 097 0,15 0.50 1,15 2,14 39.2 0,94 53,38 6.52
Kinga 15,27 0,73 2,34 0,22 1,09 0,055 1,05 0.8 8,56 14,1 1,96 81,84 57,61
y.
ZAKLJUCAK
Prema literaturnim 1 iskustvenim Semama. Ove Seme naj ceSce ukljuéuju viSe

podacima, poznato je da polimetali¢ne
baritske rude predstavljaju tehnoloski
veoma slozene sirovine iz kojih je moguce
izdvojiti viSe korisnih komponenata, ali
prema komplikovanim tehnoloskim

postupaka koncentracije, kao S§to su
flotacijska koncentracija i fizicke i hemi-
jske metode. Pored toga Sto sadrze veliki
broj korisnih mineralnih komponenata,
njihovo srastanje je veoma komplikovano
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jer se javljaju se u vidu sitnozrnih agregata,
pa ih je tesko ili gotovo nemoguce izdvojiti
u zasebne koncentrate.

Uzorci 1 1 2 predstavljaju polimetalicnu
baritsku rudu. Uzorak 1 sadrzi: 1,35%Cu,
6,76 % Zn, 4,28 % Pb, 1,7 g/t Au, 90,2 g/t
Ag, 9,59 % Ba i 16,30 % BaSO,. Uzorak 2
sadrzi 0,90 % Cu, 5,61 % Zn, 5,00 % Pb,
1,6 g/t Au, 112,5 g/t Ag, 11,01 % Ba i
23,80 % BaSO,. Na osnovu sprovedenih
eksperimenata  flotacijske  koncentracije
doneti su slede¢i zakljuéci:

- Oba uzorka su tehnoloski vrlo slicna
tako da ruda koju predstavljaju moze
da se preraduje prema istim Semama.

- U wuzorcima je sulfidna masa
dominantna, $to je pokazala i miner-
loska analiza. To se odrazilo na masu
sulfidnog koncentrata koja je varirala
uglavnom od 75-80% u odnosu na
ulaz u flotaciju.

Velika koli¢ina sulfidnog kon-
centrata znacajno se odrazila na
nisku koncentraciju korisnih metala
Sadrzaj barita u otoku flotacije
sulfida je nizak pa ga je neophodno
koncentrisati flotiranjem.

Sa tri preCiS¢avanja koncentrata
barita, dobijen je sadrzaj BaSO, od
80% Sto je nize nego Sto su zahtevi
za upotrebu. Dva do tri dodatna
precis¢avanja koncentrata bi dovela

Optimizacijom tehnoloskih parametara
verovatno bi mogli da se dobiju nesto bolji
rezultati u koncentraciji barita.

Kona¢no, na osnovu sprovedenih
ispitivanja moze da se zaklju¢i da uzorci 1
i 2 predstavljaju komplikovanu sirovinu,
masivno sulfidnu sa velikim sadrzajem
bakra, cinka, olova, srebra, zlata i barita.

Tako komplikovana sirovina, zahteva
detaljna laboratorijska ispitivanja sa
ciljem  utvrdivanja  tehnologije za

najoptimalniju valorizaciju svih korisnih
mineralnih komponenata.
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Abstract

* %k

The polymetallic barite ore is technologically very complex raw material from which is possi-
ble to extract more useful components using the complex technological schemes. This paper pre-
sents the technological testing of two samples the polymetallic barite ore, in order to obtain a
collective concentrate of sulphides and barite concentrate.

Keywords: polymetallic ore, barite, flotation concentration

INTRODUCTION

The polymetallic barite ore is techno-
logically very complex raw material from
which is possible to extract more useful
components but using the complex tech-
nological schemes [1, 2]. These schemes
usually involve multiple processes of con-
centration, such as the flotation concentra-
tion and physical and chemical methods
[2, 3]. In addition to the content a number
of useful mineral components, their inter-
growth is very complicated, because they

* Mining and Metallurgy Institute Bor

appear in the form of fine grained aggre-
gates, so it is difficult or almost impossi-
ble to separate them into separate concen-
trates [1]. Samples 1 and 2 represent the
polymetallic barite ore. Were conducted
on samples of The laboratory flotation
tests f were carried out on samples in or-
der to separate the sulphide concentrate
and barite concentrate. This paper presents
only the results of final experiments.

** Faculty of Management in Zajecar, University Megatrend Belgrade

*** This work has resulted from the TR Project: 33023, entitled "Technology Development of Flo-
tation Processing of Copper Ore and Precious Metals in Order to Achieve Better Technological
Results" for which we would like to thank to the Ministry of Education and Science of the Repub-

lic of Serbia for funding.
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1PHYSICO-CHEMICAL AND
MINERALOGICAL
CHARACTERIZATION OF
SAMPLE

1.1 Chemical analysis of samples

Tablel. Chemical analysis of samples

Element, compound | Samplel | Sample 2
Cu % 1.35 0.90
Zn % 6.76 5.61
Pb % 4.28 5.00
Au g/t 1.7 1.6
Ag it 90.2 112.5
Ba % 9.59 14.01
BaSO, % 16.30 23.80
Srotal 37.10 35.05
Ssuiphige %0 35.00 32.58
Ssulphate?0 2.10 2.47
CaO % 0.085 0.11
SO, % 5.12 2.39
Pt g/t <0.05 <0.05
Mo % 0.0035 0.0040
As % 0.41 0.30
Al,03 0.20 0.23
Fe % 25.85 26.61
FeO % <0.5 <0.5
Fes04 % <0.3 <0.3
MgCO; % 0.10 0.096

1.2. Mineralogical analysis of samples

Qualitative mineralogical analysis of
the sample "1" has indicated the following
mineral content: pyrite, sphalerite, galena,
marcasite, luzonite, enargite, tennantite,
chalcopyrite, covelline, chalcocite, bor-
nite, silver minerals, native gold, barite,
quartz, subordinated carbonates. The con-
tent of sulphide mass is 79.6%. Qualita-
tive mineralogical analysis of the sample
"2" has indicated the following mineral
content: pyrite, sphalerite, galena, marca-
site, luzonite, enargite, tennantite, covel-
line, chalcopyrite, silver minerals, native

gold, barite, quartz, subordinated carbon-
ates. The content of sulphide mass is
72.8%.

1.3. Natural pH of samples

Natural pH value of ore samples was
determined measuring the pH of ore and
tap water (pH = 6.80), compared to 1:1
after 30 minutes of standing and after 24
hours of standing.

Samplel Sample2
PH30min 1= 4.77 | PH30min2 = 4.38
pHaan = 4.30 pHauno =4.68

1.4. Density of samples

Density of ore samples was deter-
mined using the glass pycnometer in vac-
uum. The mean value of three density
measurements is p,=4725 kg/m’ and p, =
5005 kg/m’.

1.5. Bulk density of samples

Bulk density was determined using the
ore size category of -3.35 mm. The mean
value of bulk density from three meas-
urements is: A; = 2.458 t/m’ and A, =
2.555 t/m’.

1.6. Grinding kinetics

For the purposes of further research, the
grinding kinetics was carried out on sam-
ples. All grinding experiments were carried
out in an elliptical ball mill, volume 14.6 1
with the ball charge mass of 13.45 kg at the
start of testing. Solid content in the mill was
75%. Grinding kinetics is shown in Tables 2
and 3 and Figures 1 and 2.
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Table 2. Grinding kinetics of sample 1

2min 4 min 7 min 10 min
Samplel e T 5% [m% | D% |m% | D% | m% ] D%
-1.70+1.180 | 11.20 | 100.0
-1.18+0.850 | 3.0 | 88.0
-0.850+0.600 | 4.6 | 846 | 1.4 | 100.0
-0.600+0.425 | 54 | 798 | 0.4 | 986
-0425+0.300 | 84 | 746 | 1.6 | 982
-0.300+0.212 | 94 | 664 | 54 | 966 | 02 | 100.0
-0.212+0.106 | 164 | 582 | 21.0 | 912 | 75 | 998 | 1.8 | 100.0
-0.106+0.075 | 6.0 | 424 | 94 | 702 | 87 | 923 | 520 | 982
-0.075+0.053 | 4.6 | 368 | 6.8 | 608 | 85 | 83.6 | 7.20 | 93.0
-0.053+0.038 | 3.6 | 324 | 64 | 540 | 6.7 | 751 | 820 | 8538
~0.038+0 274 | 292 | 47.6 | 47.60 | 684 | 684 | 77.6 | 716

100
80- ./
60__ /
g7

20

-0,075 mm Class content , %

0 T T T
Grinding time, min
Fig. 1. Grinding kinetics of sample 1
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Fig. 2. Grinding kinetics of sample 2
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Table 3. Grinding kinetics of sample 2

DEPO 2min 4 min 7 min 10 min

m % D % m % D % m % D % m % D %
-1.70+1.180 11.20 100.0
-1.18+0.850 3.0 88.8
-0.850+0.600 4.6 85.8 24 100.0
-0.600+0.425 5.4 81.2 0.8 97.6
-0.425+0.300 8.4 75.8 2.6 96.8
-0.300+0.212 9.4 67.4 6.8 94.2 0.4 100.0
-0.212+0.106 16.4 58.0 222 87.4 10.4 99.6 3.0 100.0
-0.106+0.075 6.0 41.6 9.0 65.2 10.0 89.2 7.4 97.0
-0.075+0.053 4.6 35.6 7.2 56.2 9.8 79.2 8.6 89.6
-0.053+0.038 3.6 31.0 6.0 49.0 7.6 69.4 9.4 81.0
-0.038+0 27.4 27.4 43.0 43.0 61.8 61.8 71.6 71.6

2.1. Flotation concentration

After a number of flotation experi-
ments, the basic technological parameters
were determined on both samples and the
final experiments were carried out+t with
the final treatment of barite concentrate.

Figures 3 and 4 show the schemes by
which the final experiments were carried
out. Tables 4 and 5 show the achieved
technological results.

Uzorak 1
081 5061
e KEX ey 20t
WRKEX  aggn KFX ey
A0ELKAX  gay SUBT apnn 500 g NasSiO,
40 gt D250 RAX. LAx  S00gh AB4S
ap— - o
o e
t= 5 min t= 5 min Ko
187
75% ¢ L - “_“'w () 1= 5 min
75% -0,075 mm Ks B pHBS
¢T=13
O 1
6,84 kg/t Na2C03 - g
—
On. 11 -_@._ 3
Eg 1l
Fig. 3. Scheme of the experiment on sample 1
Uzorak 2 20 gh
KEX 20t
A 0gt KEX 20gt
40 gt D250 = :
a0 Eu KEX  KAX 20t KEX 500 g/t NagSi0,
40 g KAX | rax 208t s0gnasis

—_
5% C
5% -0.075 mm
ET=1:3
6,84 kgt Na2CO3

KAX

200 gt NasSiD)

Ks pHE1
-
KlBa
_... —
oum—{( 7 J—,
'v
+
Kaulll

Fig. 4. Scheme of the experiment on sample 2
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Table4 Realized balance of concentration in the experiment on sample 1

1 m % Zn % lz0 % Pb% Ipo % Cu% leu% Au g/t lau % Ag g/t lag % BaS0. % lgasos %
u 100.00 6.03 100.00 2.68 100.00 1.31 100.00 1.44 100.00 109.71 100.00 13.69 100.00
Ks 83.04 7.16 98.56 3.05 9433 1.55 98.00 1.6 92.07 127.7 96.65 6.4 38.81
Os 16.96 0.51 1.44 0.90 5.67 0.16 2.00 0.67 7.93 21.65 3.35 49.41 61.19
J 3.13 1.40 0.73 1.40 1.63 0.24 0.57 0.2 0.44 29.7 0.85 3.30 0.75
Koga 13.83 0.31 0.71 0.78 4.04 0.14 1.43 0.78 7.48 19.83 249 59.84 60.44
Oiga 1.37 0.56 0.13 1.95 0.99 0.22 0.23 0.3 0.28 84.4 1.05 3.66 0.37
Kiga 12.46 0.28 0.59 0.66 3.04 0.13 1.20 0.83 7.20 12.73 1.44 66.02 60.07
Oliga 1.41 0.62 0.14 2.18 1.14 0.28 0.30 0.3 0.29 329 0.42 7.00 0.72
Kiiga 11.05 0.24 0.44 0.46 1.90 0.11 0.91 0.90 6.91 10.16 1.02 73.55 5935
Ouiga 1.46 0.84 0.20 2.18 1.18 0.35 0.39 2.9 2.93 355 0.47 26.57 2.83
Kiiga 9.59 0.15 0.24 0.20 0.72 0.071 0.52 0.6 3.98 6.3 0.55 80.70 56.52
Table5 Realized balance of concentration in the experiment on sample 2
2 m % Zn % lz0 % Pb% Ie % Cu% lcu% Au g/t lau % Ag g/t lag % BaS0. % lBasos %
(V] 100.00 4.76 100.00 3.08 100.00 0.80 100.00 1.43 100.00 110.04 100.00 21.69 100.00
Ks 69.21 521 75.82 3.74 83.99 1.06 91.64 1.6 71.54 135.4 85.16 9.10 29.03
Os 30.79 3.74 24.18 1.60 16.01 0.22 8.36 1.04 22.46 53.04 14.84 50.00 70.97
) 10.68 8.38 18.82 3.51 12.16 0.45 6.01 0.8 5.98 109.2 10.60 10.32 5.08
Koea 20.11 1.27 5.37 0.59 3.84 0.09 2.35 1.17 16.49 2322 4.24 71.07 65.89
Oiga 1.18 7.01 1.74 2.93 112 0.33 0.49 53 438 78.1 0.84 17.39 0.95
Kiga 18.93 0.91 3.63 0.44 2.72 0.08 1.86 0.91 12.11 19.80 3.40 74.42 64.94
Oliga 1.01 4.99 1.06 2.01 0.66 0.25 0.31 2.0 1.41 55.0 0.50 17.39 0.81
Kiga 17.92 0.68 2.57 0.35 2.06 0.07 1.55 0.85 10.70 17.81 2.90 77.63 64.13
Ouiiga 2.65 2.03 0.22 1.13 0.97 0.15 0.50 1.15 2.14 39.2 0.94 53.38 6.52
Kiiga 15.27 0.73 234 0.22 1.09 0.055 1.05 0.8 8.56 14.1 1.96 81.84 57.61
CONCLUSION

According to the literature and empiri-
cal data, it is known that the polymetallic
barite ore is technologically very complex
raw material from which is possible to
extract more useful components but using
the complex technological schemes. These
schemes usually involve multiple proc-
esses of concentration, such as the flota-
tion concentration and physical and

chemical methods. In addition to the con-
tent of a number of useful mineral compo-
nents, their intergrowth is very complex,
because it occurs in the form of fine
grained aggregates, so it is difficult or
almost impossible to separate them into
separate concentrates.

Samples 1 and 2 represent the polymet-
allic barite ore. Sample 1 contains:
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1.35% Cu, 6.76% Zn, 4.28% Pb, 1.7 g/ t
Au, 90.2 g/t Ag, 9.59% Ba and 16.30%
BaSO,4. Sample 2 contains 0.90% Cu,
5.61% Zn, 5.00% Pb, 1.6 g/t Au, 112.5 g
/'t Ag, Ba 11.01% and 23.80% BaSO,.
Based on the carried out experiments of
flotation concentration, the following con-
clusions were made:

- Both samples are technologically
very similar so the ore, presented by
them, could be processed using the
same schemes,

Sulphide mass is dominant in the
samples as shown by mineralogical
analysis. This is reflected in the mass
of sulphide concentrate which
mainly varied of 75-80% over the
entrance in the flotation,

Large amount of sulphide concen-
trate has significantly affected the
low concentration of valuable metals,
Barite content in the sulphide flota-
tion underflow is low, so it is neces-
sary to concentrate it by flotation,
BaSO, content of 80% was obtained
by three treatments of barite concen-
trate, what is lower than the require-
ments for use. Two to three addi-
tional concentrate treatments would
lead to the quality of concentrate
with appropriate market value.

Slightly better results in the barite con-
centration would be probably obtained by
optimization of technological parameters.

Finally, on the basis of carried out in-
vestigations, it can be concluded that the
samples 1 and 2 are complex raw mineral
resource, massive sulphide with high con-
tent of copper, zinc, lead, silver, gold and
barite. Such complex raw mineral re-
source requires a detailed laboratory test-
ing with the aim to determine the technol-
ogy for the most optimum evaluation the
all useful mineral components.
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POTENCIJALNOST I PERSPEKTIVNOST PODZEMNE
EKSPLOATACIJE UGLJA U SJENICKOM UGLJENOM BASENU

Izvod

Sadasnji stepen istrazenosti Sjenickog basena sa neosporno dokazanim velikim rezervama
kvalitetnog uglja, potvrduje da je ovo leziste uglja najperspektivnije u Republici Srbiji za jamsku
eksploataciju. Ukupne do sada istraZene geoloske rezerve uglia na svega 20 % istraZzenog
prostora iznose oko 194.000.000 tona uglja.

Na osnovu analize rudarsko-geoloskih uslova eksploatacije i stanja ugljenih rezervi, Cinjenice
da se na ovom podrucju i sada vrsi eksploatacija, kao i svih komparativnih prednosti moze se
zakljuciti da postoje realne tehnicke mogucnosti za izgradnju rudnika sa proizvodnim kapacitetima
veoma Sirokog dijapazona.

Proizvodnja energije sagorevanjem uglja u neposrednoj blizini rudnika zahteva izgradnju
termoenergetskog objekta Termoelektrane snage 250 MW.

Sveobuhvatna analiza postojeéeg stanja jame Rudnika “Stavalj” pokazuje da se sprovodeci
program optimizacije, na osnovu rudarsko-geoloskih uslova eksploatacije i stanja ugljenih rezervi
u basenu, moze se zakljuciti da postoje realne mogucnosti za izgradnju vise podzemno
proizvodnih sistema — jama .

- Postojec¢a jama rudnika proizvodnja od 130.000 tona godisnje

‘

- Jama * Zapadna varijanta * sa proizvodnjom od 700.000 tona godisnje

‘

- Jama “ Istocna varijanta *“ sa proizvodnjom od 200.000 tona godisnje

Sa postojecom jamom moZe se u drugoj etapi razvoja basena proizvoditi godisnje oko
1.000.000 tona uglja iz jamske eksploatacije.

To omoguéava izgradnju termoenergetskog objekta Termoelektrane snage 250 MW na
lokaciji izlaz iz Stavaljske klisure prema Mravin polju.

Kljucne reci: ugljeni basen, rudnik uglja, podzemna eksploatacija, sagorevanje uglja,
termoelektrana

1. UVOD

Geoloska istrazivanja Sireg podrucja
Sjeni¢kog basena utvrdila su velike
rezerve kvalitetnog mrkolignitskog uglja
koje predstavljaju znaCajan energetski
potencijal i sirovinsku bazu za izgradnju

* JP PEU Resavica, Rudnik ,, Stavalj “-Sjenica

rudnika sa jamskom eksploatacijom veceg
kapaciteta za uslove Srbije.

Sadasnji stepen istrazenosti Sjenickog
basena sa neosporno dokazanim velikim
rezervama kvalitetnog uglja, potvrduje da
je ovo leziste uglja najperspektivnije u
Republici Srbiji za jamsku eksploataciju.
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Sjenicki ugljenosni basen nalazi se na
jugozapadu Srbije. Ukupna povrsina basena
iznosi oko 150 km?, na nadmorskoj visini od
950 do 1100 m. Nekoliko reka preseca teren
basena, gde je najpoznatija reka Vapa koja se
severno od Sjenice uliva u reku Uvac.
Saobracajne veze su dosta nepovoljne i
odvijaju se iskljuivo motornim vozilima,

asfaltnim putem koji se preko Novog
Pazara i Raske vezuje sa prugom i putem na
Ibarsku magistralu a preko Nove Varosi i
Prijepolja sa Jadranskom magistralom, kao i
prugom Beograd-Bar. Na severu je podrucje
povezano asfaltnim putem drugog reda sa
Ivanjicom.

NOKAUMIE PYOHUKA Y J.N.M.E.Y. PECABULIA

BEOrPAA

MoMAPERALL

=
BAMERALL
(HEAPCKH P.)

O
HOBH MA3AP

BOAHA

=== o

xR
BPILKA \YKA

SL 1.

U morfoloskom pogledu Sjenicki
basen predstavlja potolinu unutar Dinar-
skog planinskog sistema, ogranien sa
istocne i severoistocne strane ograncima
planine Golije, sa severne strane planinom
Javorom, sa severozapada ograncima

Zlatara i Jadovnika, a sa juzne ograncima
Giljeve planine. U hidrografskom pogledu
ovo podrucje obiluje mnogobrojnim poto-
cima i rekama.

Geoloska karta basena 1 litostratigrafski
stub prikazani su na slici 2 i 3.
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LEGENDA KARTIRANIH JEDINICA
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2. POTENCIJALNOST BASENA

Sjenicki neogeni basen, sa morfolosko-
tektonske  tacke  gledista,  obrazuje
dijagonalno tektonsko ulegnuce, duboko
smesteno unutar centralne ofio-litske zone
Dinarskog planinskog venca. Pocetkom
neogena u Sjenickom basenu doslo je do
stvaranja jezera i talozenja slatkovodnih
naslaga, koje su tokom srednjeg i gornjeg
miocena ispunjavale basen, a uz povoljne
klimatske i vegeta-cione uslove formirale
ugljonosnu  seriju. Svim dosadasnjim
izvedenim istraznim radovima, geoloskim
kartiranjem,  istra-znim  buSenjem i
rudarskim  radovima  utvrdena  je
produktivna ugljonosna serija na prostoru
od oko 30 km? U srediSnjem delu basena
na bazi do sada sprovedenih geoloskih
istrazivanja, od reke Vape do sela Brnjice.

Geoloske rezerve uglja iznose oko
200.000.000 tona svih kategorija.

2.1. Stepen istraZenosti

Citav basen, odnosno istrazni prostor,
podeljen je u tri istrazno-eksploataciona
polja:

e isto¢no eksploataciono polje,

e centralno eksploataciono polje i

e zapadno eksploataciono polje.

Istocno eksploataciono polje

Istocno eksploataciono polje prostire se
od Bmyjice i Brnjicke reke na istoku, Vesko-
va kleca na jugu, sela Stupa i Raspoganca na
severu do Radulovske glavice i Kokosic¢a na
zapadu. Elaborat o rezervama za Stupski
deo uraden je 1985. godine. Republicka
Komisija je potvrdila ove rezerve (Potvrda
broj 310-249/84-02/1 od 14.03. 1985. god.)
u kolicinama od 2.044.510¢.

U ostalom delu isto¢nog polja, na
osnovu podataka dobijenih istraznim
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busenjem, FElaborat o rezervama uglja
1987. god. Republicka Komisija ove
rezerve je potvrdila (Potvrda broj 310-
301/87-02/1 od 03.05.1989. god.) u
kolicinama 27.723.090 t.

Centralno eksploataciono polje

Centralno eksploataciono polje nalazi
se u centralnom delu basena i zahvata
prostor izmedu isto¢nog i zapadnog polja.
Ovo polje istrazeno je dubinskim buso-
tinama 1 rudarskim radovima. Na osnovu
podataka istraznog busenja i podataka
rudarskih istraznih radova 2010. godine
uraden je Elaborat o rezervama uglja.
Rezerve uglja racunate su na Cist ugalj bez
jalovih proslojaka. Prosecna vrednost
zapreminske mase Cistog uglja, sa kojom
su radunate rezerve iznosi 1,30 t /m’.

Republicka Komisija ove rezerve je
potvrdila 31.12.2009. (Potvrda broj 310-
02/006-00619/2010-06 od 20.07.2011.
god.) u kolicinama 15.278.416 t.

Ukupne geoloske rezerve lezista Cen-
tralno polja Rudnika ,,Stavalj u iznosu od
15.278.416 t razvrstane su u klase bilan-
snih i vanbilansnih, koje su u medusobnom
odnosu 62:38, ¢ime se u znatnoj meri
umanjuje njihov geoloski potencijal.

Zapadno eksploataciono polje

Zapadno ugljonosno polje zahvata
prostor od reke Vape na istoku, povrsine
12 km’. Polje je izdeljeno na tri
samostalna bloka:

e severni,

o srednji i

® juzni.

Severni blok

Severni blok zahvata povrSinu od 4,7
km?. Elaborat o rezervama uglja za ovaj
blok uraden je 1983. godine, u kojem su
obradeni  podaci  dobijeni istraznim
busenjem na osnovu kojih je nadlezna
drzavna Komisija potvrdila (Potvrda broj
02-133/83 od 24.11.1983. god.) rezerve
uglja u kolicinama 55.328.880 t.

Srednji i juZni blok

Srednji 1 juzni blok zahvataju povrsinu
7,3 km* Prema stepenu istraZenosti
rezerve pripadaju kategorijama B i C;.

Koli¢ine utvrdenih rezervi 93.479.270 t.

Posmatrajuc¢i Sjenic¢ki basen u celini,
dosadasnjim istraZivanjima i na osnovu
njih izvrSenim proraCunima, potvrdene su
znaCajne rezerve uglja Cije su ukupne
koli¢ine prikazane u tabeli 6.

Tabela: Ukupne rezerve uglja u Sjenickom basenu utvrdene dosadasnjim istrazivanjima

KATEGORIJA REZERVE (t)
A 1.477.710
B 104.555.344
C, 87.821.192
A+B +C; 193.854.246

Utvrdene rezerve uglja A, B i C;
kategorija svrstavaju sjenicki basen u

najperspektivnije u pogledu koliina i
kvaliteta u Srbiji.
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Sl.4.

Pregledna skica lezista sa oznakom
otkopnih polja data je na slici br.4.

2.2. Karakteristike ugljenog sloja

U neogenoj seriji SjeniCkog basena
razvijen je jedan eksploatabilni ugljeni sloj,
slozenog litoloskog sastava. Ugljeni sloj je
retko homogen. Kao jalovi proslojci
javljaju se uglavnom ugljeviti laporac, rede
glina, ugljevita glina i pescar. Karakte-

ristina su dva proslojka jalovine debljine
0,5-2,5 m kojim je ugljeni sloj podeljen na
podinski, srednji 1 krovinski deo. Debljina
ugljenog sloja sa jalovim proslojcima naj-
¢esée je 10-16 m. ProseCna debljina uglje-
nog sloja sa jalovinom iznosi 11,1 m, bez
jalovine, cist ugalj 9,1 m. Srednji sadrzaj
jalovine u ugljenom sloju iznosi 16,2 %.

Karakteristi¢ni profil ugljenog sloja
dat je na slici br. 5.
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1,50-6,70m Kposuncku oeo cnoja

0,30-3,60m Yemweeumu nanopay

1,4-5,00m Cpeduwirbu 0eo cnoja

0,20-3,00m Yemwesume znune

1,00-6,7m Iloouncku oeo cnoja
SL 5

Uporedujuci rudarsko-geoloske prilike
dela lezista koje je otkopano, moze se
objektivno pretpostaviti da u lezistu ne
treba ocekivati pojave primarnih
rudni¢kih gasova. Medutim, ne treba
zanemariti Cinjenicu da su dosadasnji
rudarski radovi uglavnom na relativno

maloj dubini, te na vecoj dubini nije
isklju€ena i eventualna pojava gasova.
Ispitivanje vrednosti prirodnog indeksa
samozapaljivosti za ugljeni sloj iz aktivnog
dela jame pokazala su da se krecu u
granicama od 103-111°C/min, a za ugalj
bez vlage i pepela od 118-134°C/min, te

Broj 2,2012.

111 RUDARSKI RADOVI



prema ovim vrednostima ugalj je svrstan u
samozapaljive. Ipak moze se re¢i da su
opasnosti od jamskog pozara minimalne
ukoliko se preduzmu odgovarajuce tehni-
¢ke mere i usaglasi nacin otkopavanja sa
blagovremenom  izolacijom otkopanih
prostora.

Ugljeni sloj pripada grupi mrkoli-
gnitskih ugljeva, sa vrlo dobrim fizicko-
mehanickim karakteristikama. Direktnu
podinu i povlatu ugljenog sloja ¢ine dobro
uslojeni laporci, vrlo dobrih fizicko-
mehanickih osobina.

2.3. Vrsta i kvalitet uglja

Ugalj je tamnomrke do crne boje, a pre-
lom mu je Skoljkast. Mikro i makropetro-

grafska ispitivanja uglja ukazuju na hetero-
genost strukture 1 jasno izrazenu teksturu —
slojevitost. Struktura je trakasta, a samo
delimi¢no zrnasta i socivasta. Ugalj je kom-
paktan i zilav i kao takav pod uticajem
atmosferilija 1 transportovanjem relativno
malo se drobi. Vlaznost uglja iznosi pro-
secno oko 25 %. Na vazduhu ugalj brzo gubi
vlagu, tako da maksimalni gubitak moze da
iznese i do 24 %. ProseCna zapreminska
tezina uglia iznosi 1,30 tm’. Prema
petrografskom sastavu i fizickim osobinama
ugalj pripada tvrdim mrkim ugljevima.
Ugalj sjenicko-stavaljskog basena prema
poslednjem elaboratu ima slede¢i kvalitet:

Srednje vrednosti kvaliteta uglja iz leZista «Centralno polje» (Sjenicki basen)

S obzirom na veoma mali sadrzaj
sumpora i druga svojstva ugalj iz ovog
basena smatra se idealnim tvrdim gorivom
sa Sirokim moguc¢nostima njegove primene,
u prvom redu za potrebe domaéinstava i
gradskih toplana, a zatim za potrebe
industrije i energetike.

2.4. Hidrogeoloska svojstva basena

Dosadasnjim hidrogeoloskim ispitiva-
njima je pokazano da se najvece sku-
pljanje povrsinskih i podzemnih voda
desava u oblasti trijaskog krecnjaka
karstnog karaktera na severnoj ivici
basena. Sakupljena voda zatim oti¢e u
leziste duz tektonskih raseda i podrucja
raseda povezanih sa severnom ivicom
basena. Na sli¢an nacin u leziste tece i

Vlaga | Pepeo S, % Koks S.fix Isparlj. | Sagorlj. GTE DTE
% % ukupni | pepeo sagor. Y% % % Y% kJ/kg kJ/kg
24,93 15,50 0,98 0,71 0,29 51,26 34,30 40,02 74,31 20.638,40 | 19.267,24

3. PERSPEKTIVE RAZVOJA

Mogucnosti i uslovi proizvodnje uglja
u SjeniCko-Stavaljskom basenu, treba
posmatrati prvo u smislu postojecih
prirodnih i tehnicko-tehnoloskih uslova
eksploatacije i drugo u smislu moguénosti
izgradnje novih proizvodnih kapaciteta.

3.1. Proizvodno-razvojne moguénosti
Rudnika “Stavalj*

Proizvodne mogucénosti u smislu po-
stojecih prirodnih 1 tehnicko-tehnoloskih
uslova eksploatacije, drugi je elemenat po
vaznosti 1 uslovima postojanja Rudnika ako
podemo od ¢injenice da je trziste prvi. Kod
rudnika “Stavalj” trziSte postoji u mnogo
veéem obimu od postojece proizvodnje i
proizvodno-tehni¢kih mogucénosti rudnika
pa postoji ne samo puno opravdanje veé

voda iz povrSinskih vodenih tokova, obaveza za realnom procenom proizvodno-
izvora i vodonosnih ulegnu¢a koja se razvojnih  moguénosti u  postoje¢im
stvara direktno u neogenskoj ravni basena.  uslovima.
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Mikrolokacija rudnika “Stavalj” kada je
u pitanju ceo Sjenicki ugljenosni basen
predstavlja relativno mali deo leziSta a ipak
samo centralno — eksploataciono polje
rudnika predstavlja prvi red veli¢ina ugljenih
lezista koji su predmet eksploatacije u Srbiji.
Sa stanovista sirovinske baze (186.000.000
t. — bilansnih rezervi) ocigledno je da
rudnik “Stavalj” moZe biti ne samo nosilac
sopstvenog  razvoja ve¢  podzemne
eksploatacije u Srbiji. Reperni problemi
postojeéeg proizvodnog stanja Rudnika,
niska proizvodnja (oko 70.000 t. godiSnje)
visoki proizvodni troskovi i nerentabilan rad.

Realnost proizvodnog i poslovnog
ozdravljenja Rudnika pociva na slede¢im

¢injenicama:
1. Rezerve wuglia u Centralnom
eksploatacionom polju od 9.519.554.
tona bilansnih  rezervi, realno

obezbeduju kontinuirani proizvodni
kapacitet od minimum 130.000 tona
godiSnje u narednih 30 godina
eksploatacije.

Relativno mala razudenost jame sa
skoro  pravolinijskom  komuni-
kacionom povezano$éu osnovnih
prostorija otvaranja i pripreme sa
proizvodnim revirima, kao i njihova
propustna mo¢ odgovaraju
kapacitetu godiSnje proizvodnje.
Istrazni 1 pripremni radovi moraju se
izvoditi sa prioritetom i dinamikom
koja obezbeduje kontinuitet otko-
pavanja.

Izrada prostorija osnovne pripreme i
razrade leziSta u jami izvoditi
mehanizovanim postupkom kao i
mehanizovano otkopavanje.
Osposobljenost radne snage za mo-
derne tehnologije pocev od inzenjera
do svih nivoa kvalifikacione struk-
ture zaposlenih.

Navedene Cinjenice i njihovo tehnic¢ko-
tehnolosko razreSenje, ¢ine osnovu buduce
koncepcije razvoja jame i Rudnika.

3.2. Razvoj lezista u celini

Rudnik sa malom proizvodnjom, slaba
konkurentska sposobnost na trzistu, nepo-
voljni klimatski uslovi, velika udaljenost
od potrosaca i drugo, treba ista¢i nega-
tivne okolnosti drumskog transporta uda-
ljenost zeleznicke stanice (stanica Rudnica
- Raska) udaljenoj oko 60 km od Rudnika.

Na osnovu analize rudarsko-geoloskih
uslova eksploatacije i stanja ugljenih re-
zervi, ¢injenice da se na ovom podrudju i
sada vrsi eksploatacija, kao i svih kompa-
rativnih prednosti moze se zakljuciti da
postoje realne tehnicke moguénosti za
izgradnju rudnika sa proizvodnim kapaci-
tetima veoma S$irokog dijapazona. Proi-
zvodnju energije sagorevanjem uglja u
neposrednoj blizini rudnika bi omoguéila
izgradnja termoenergetskog objekta
Termoelektrane snage 250 MW.

3.3. Termoelektrana

Polaze¢i od uslova eksploatacije i
raspolozivih rezervi, aktuelne energetske
situacije u zemlji, zatim kvaliteta uglja,
mogu se razmatrati sledeCe varijante
proizvodnog kapaciteta koje bi zadovoljilo
potrebe TE snage 250 MW.

“Zapadna varijanta“
t/god. komercijalnog uglja,

“Isto€na varijanta® sa 300.000 t/god.
komercijalnog uglja,

To je planirani izvor energije u iznosu
od oko 1 milion tona godi$nje. Geolosko
strukturne analize leziSta u celini pokazuju
da je najbolja oblast za primenu mehani-
zovanih eksploatacionih sistema Zapadno
polje. Mozemo pretpostaviti da je kori-
$¢enje mehanizovanog otkopavanja potre-
ban uslov za postizanje isplativosti (cena
kostanja po toni) u duzem vremenskom
periodu. Plan razrade, pripreme i eksploa-
tacije reSava problem efikasne
eksploatacije ekonomski isplativih rezervi
u Zapadnom polju za potrebe TE.

Zbog toga, s namerom, imamo u vidu
parametre manje koncentracije kod pro-

sa 700.000
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storija 1 otkopnih ¢ela. Sa druge strane,
nakon proveravanja povoljnih eksploa-
tacionih uslova u Zapadnom polju, koje
jedino moze, u ovoj fazi, biti uzeto u obzir,
na osnovu iskustva prilikom otko-pavanja u
Centralnom polju, razrada, priprema i
eksploatacija mogu postati efi-kasniji.

Detaljno analizirajuéi rudarsko-geol-
oske uslove Zapadnog polja, misljenja
smo da se moze napraviti Rudnik kapa-
citeta 700.000 t/god. komercijalnog uglja.
Lokacija Termoelektrane bi bila bas u
neposrednoj blizini na izlazu iz Stavaljske
klisure, blize Mravin polju.

Izgradnja proizvodnog kapaciteta po
“Zapadnoj varijanti“ vrSila bi se u
Severnom bloku zapadnog polja gde su
rezerve uglija oko 55.000.000 tona.
Mikrolokacija jame bi se nalazila u Mravin
polju. Postojeca infrastruktura Rudnika
“Stavalj bi u potpunosti zadovoljavala
potrebe jame “Mravin polje”.

Za potrebe proizvodnje po Istocnoj
varijanti izgradio bi se moderni manji
Rudnik na mikrolokaciji Vilujak nekih
600 m od asfaltnog puta ka selu Stup. Iz
ove jame zahvatale bi se rezerve uglja
Isto¢nog polja u koli¢inama od 200.000
t/god. komercijalnog uglja istocno prema
selu Veskovi¢ima i zapadno prema jami
rudnika “Stavalj”.

Ostatak od 130.000 t/god. komerci-
jalnog uglja do milion tona koliko je po-
trebno za TE snage 250 MW obezbedivala
bi postoje¢a jama RMU ,,Staval;”.

Sa proizvodnjom iz postojeCe jame
rudnika “Stavalj” ukupna proizvodnja iz
celog basena iznosila bi oko 1.000.000
t/god. komercijalnog uglja. Ove koli¢ine
uglja predstavljale bi ve¢u proizvodnju od
celokupne sadasnje proizvodnje JP za
PEU “Resavica®.
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POTENTIALITY AND PROSPECTS OF UNDERGROUND COAL
MINING IN THE SIENICA COAL BASIN

Abstract

The current level of exploration the Sjenica Basin with undeniably proven large reserves of
quality coal, confirms that this is the most prospective coal deposit in the Republic Srpska for
underground mining. Total explored geological coal reserves until now of approximately 20% of
explored area are around 194 million tons of coal.

Based on the analysis of mining-geological conditions of mining the coal reserves and
balances, the fact of current mining in this area, and all comparative advantages, it can be
concluded that there are real technical possibilities for construction the mine with production
capacity of a very wide range.

Production of energy by coal combustion in the immediate vicinity of the mine requires the
construction of the facility of Thermal Power Plant of 250 MW.

Comprehensive analysis the current state of the pit of the Mine "Stavali" shows that by
implementing the optimization program, based on mining-geological conditions of exploitation
and stateof coal reserves in the Basin, it can be concluded that there are real opportunities to
construct several underground production systems - pits.

The existing mine pit with production of 130,000 tons per year
- The pit “Western Variant“ with production of 700,000 tons per year

- The pit “Eastern Variant* with production of 200,000 tons per year

With the existing pit, in the second stage of development of the Basin, it can be possible to
produce annually about 1 million tons of coal from the underground mining.

It enables the construction of the facility of Thermal Power Plant of 250 MW at the location
exit from the Stavalj gorge towards the Mravin field.

Keywords: coal basin, coal mine, underground mining, coal combustion, thermal power plant

1. INTRODUCTION

Geological explorations the wider area  potential and raw materials for the mine
of the Sjenica Basin have found out large  with underground exploitation with higher
reserves of quality brown lignite coal that  capacity for the conditions in Serbia.
represent a significant potential for energy

* JP PEU Resavica, Rudnik ,, Stavalj “~Sjenica

No 2, 2012. 115 MINING ENGINEERING



The current level of exploration the
Sjenica Basin with undeniably proven
large reserves of quality coal, has con-
firmed that this coal deposit is the most
prospective coal deposit in the Republic
Srpska for underground mining.

The Sjenica Coal Basin is located in
the southwest of Serbia. Total are of the
Basin is about 150 km?, at the elevation of
950 to 1100 m. Several rivers intersect the
field of Basin, where the famous river
Vapa which flows into the river Uvac in

the north of Sjenica. Traffic connections
are quite unfavorable and take place
exclusively for motor vehicles by the
asphalt road that through Novi Pazar and
Raska is connected with the railroad and
by the Ibar Highway, and through by
Nova Varo§ and Prijepolje with the
Adriatic Highway and the railroad
Belgrade-Bar. In the north, the area is
connected by the asphalt road of the
second order with Ivanjica.
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Fig. 1

In morphological terms, the Sjenica
Basin is located within the Dinar
mountain range, bounded on the east and
northeast sides by the branches of the

mountain Golija, on the north side by the
mountain Javor, on the northwest side by
the branches of the mountains Zlatar and
Jadovnik, and on the the southern side by
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the branches of the Giljeva mountain. In Geological map of the Basin and
hydrographic terms, this area abounds in lithostratigraphic column are shown in
many streams and rivers. Figures 2 and 3.
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2. POTENTIALITY OF THE BASIN

The Sjenica Neogene Basin, from
morphological and tectonic point of view,
forms a diagonal tectonic depression,
located deep within the central ophiolitic
zone of the Dinaric mountain range. At
the beginning of Neogene, in the Sjenica
Basin, a lake was formed and
sedimentation of freshwater sediments,
which during the Middle and Upper
Miocene filled the Basin, with favorable
climate and vegetation conditions formed
the carbonaceous series. The all
previously performed prospecting works,
geological mapping, exploratory drilling
and mining operations have determined
the productivity of carbonaceous series in
the area of about 30 km? In the central
part of the Basin, based on the previous
carried out geological explorations, from
the river Vapa to the village Brnjice, the

geological reserves of coal amount to
about 200 million tons of all categories.

2.1. Exploration degree

The entire Basin or exploration area is
divided into three exploration-exploitation
fields:

e East exploitation field,

¢ Central exploitation field, and

o West exploitation field.

The East exploitation field

The East exploitation field extends from
Brnjica and the Brnjica River in the east,
Veskova klec¢a in the south, the villages
Stupa and Raspogancéa in the north to the
Radulovska glavica and Kokosi¢a in the
west. Study on the reserves of the Stupska
part was done in 1985. The Republic
Committee has confirmed these reserves
(Confirmation No. 310-249/84-02/1 of
14.03.1985) in quantities of 2,044,510 tons.
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In the other parts of the East field,
based on data obtained by exploratory
drilling, Study on coal reserves of 1987,
the Republic Committee has confirmed
these reserves (Confirmation No.310-
301/87-02/1 of 03.05.1989) in quantities
of 27,723,090 tons.

The Central exploitation field

The Central exploitation field is
located in the central part of Basin and
covers the area between the east and west
fields. This field was explored by deep
drill holes and mining operations. Based
on data of prospecting drilling and data of
mining prospecting works, the Study was
made on coal reserves in 2010. Coal
reserves were calculated on the clean coal
free of dirt bands. The average value of
pure coal density, by which the reserves
were calculated, is 1.30 t /m’.

The Republic Committee has confirmed
these reserves (Confirmation No. 310-
02/00619/2010-06  of 20.07.2011) in
quantities of 15,278,416 tons.

Total geological reserves in the deposit
Central Field of the Mine "Stavalj" amo-
unting to 15,278,416 tons are classified in
the classes of balance and off-balance,
which are interrelated 62:38, which signi-
ficantly reduces their geological potential.

The West exploitation field

Ther West coal-bearing field covers
the are from the river Vapa in the east,
surface area of 12 km’. The field is
divided into three separate blocks:

o North,

e Medium, and

¢ South.

The North block

The North block covers the surface area
of 4.7 km. Study on coal reserves for this
block was developed in 1983, which
processed the data obtained by prospecting
drilling, confirmed by the Competent State
Committee (Comfirmation No.02-133/83 of
24.11.1983) coal reserves in quantities of
55,328,8801t.

The Medium and South blocks

The Medium and South blocks covers
the surface area of 73 km®. According to
the level of exploration, the reserves
belongs to the B and C, categories.

Quantities of the established reserves
93,479,270 1t.

Considering the Sjenica Basin as a
whole, the significant coal reserves were
confirmed by the previous explorations
and the calculations were done on the
basis of these reserves with total amonts
shown in Table 6.

Table: Total coal reserves in the Sjenica Basin determined by the previous researches

CATEGORY RESERVES (t)
A 1,477,710
B 104,555,344
C, 87,821,192
A+B +C; 193,854,246

The confirmed coal reserves of A, B and
C1 categories classify the Sjenica Basin in

the most perspective in terms of quantity
and quality in Serbia
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Fig. 4.

The review draft of deposit with marks
of mining fields is given in Figure 4.

2.2. Characteristics of the coal seam

In the Neogene series of the Sjenica
Basin, an exploitative coal seam of a
complex lithological composition was
developed. The coal seam is rarely
homogeneous. Carbonaceous marl, rarely
clay, carbonaceous clay and sandstone
mainly occur as the barren interlayers.

Two dirt bands, thickness 0.5-2.5 cm,
are characteristic, which split the coal
seam on the footwall, middle and hanging
wall part. Thickness of the coal seam with
dirty bands is usually 10-16 m. The
average thickness of coal seam with dirty
bands is 11.1 m, and without dirty bands,
pure coal, is 9.1 m. The mean content of
dirty bands in the coal seam is 16.2 %.

The characteristic profle of the coal
seam is given in Figure 5.
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1.50-6.70m Hanging wall part of
the seam

0.30-3.60m Carbonaceous marl|

1.4-5.00m Middle part of the
seam

0.20-3.00m Carbonaceous clay

- 1.00-6.7m Footwall part
Fig. 5.

Comparing the  mining-geological
conditions of the mined deposits, it is
reasonable to assume that the appearance
of primary mine gases should not be
expected in the deposit. But, the fact of
possible occurrence of mine gases in the
previous mining operations could not be
excluded.

Testing the natural index values of self-
ignition for the coal seam from active part
of the pit have showed the values in the
ranges of 103-111°C/min, and the coal
without moisture and ash content of 118-
134°C/min, and according to these values,
coal is classified into sdlf-ignition. But, it
can be said that the dangers of pit fire are
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minimum if the appropriate technical
measures are taken and the mining method
and timely insulation of excavated rooms
are coordinated.

The coal seam belongs to the group of
brown lignite coal, with very good
physical and mechanical properties. Direct
floor and roof of the coal seam include the
well-stratified marls of very good physical
and mechanical properties.

2.3. Typeand quality of coal

Coal is a dark brown to black with shelly
fracture. Micro - and macro-petrographic
testing of coal indicate heterogeneity of the

structure and clearly expressed texture —
bedding. The structure is banded, and only
partly granular and lenticular. Coal is
compact and tough and, as such, under the
influence of weathering and transport it is
relatively little crushed. The average moisture
content of coal is about 25%. On the air, coal
quickly loses moisture, so that maximum loss
that can bring up to 24%. The average bulk
density of coal is 1.30 t/m®. According to the
petrographic  composition and physical
properties, coal belongs to the hard brown
coals. Coal of the Sjenica - Stavalj Basin,
according to the latest technical project study
has the following qualities:

Mean values of coal quality from the field « Centralno polje» (Sjenica Basin)

Moisture | Ash S, % Coke S Evaporative | Combustible GTE DTE
% % Total Ash Combustible % % % % kl/kg kl/kg
2493 | 1550 | 098 0.71 0.29 5126 | 34.30 40.02 7431 2063840 | 19,267.24

Considering very low sulfur content and
other characteristics of coal from this Basin,
it is considered as an ideal solid fuel with
wide possibilities of use, primarily for the
needs of households and district heating
plants, and for the needs of industry and
energy.

2.4. Hydrogeological properties of
theBasin

Previous hydrogeological testing has
shown that the highest ground and surface
water collection occurs in the area of
Triassic limestone of karst character on
the northern edge of the Basin. Collected
water then flows into deposit along
tectonic faults and fault areas associated
with the northern edge of the Basin. In a
similar way, water from the surface water
streams, springs and water Dbearing
depressions flows into deposit, formed
directly in the Neogene plane of the Basin.

3. PERSPECTIVES OF
DEVELOPMENT

Possibilities and conditions of coal
production in the Sjenica - Stavalj Basin,
should be firstly considered in terms of the
existing natural and technical-technological
conditions of exploitation and secondly in
terms of possibility of construction the new
production capacities.

3.1. Production-development options of
theMine* Stavalj “

Production options, is the second
element by priority and conditions of the
Mine existence in terms of the existing
natural and technical-technological mining
conditions is the second element of
importance in the conditions of the mine
existence, is it starts from the fact that the
market is the first element. In the Mine
"Stavalj", there is the market in a much
larger scale than the existing production
and production-technical possibilities of
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the mine and it is not only fully justified
but obligation to the real evalution the
production-development possibilities in
existing conditions.

Micro-location of the mine "Stavalj"
considering the whole Sjenica Coal Basin
is relatively a small part of the deposit and
yet only the central - exploitation field of
the mine is the first order of coal deposits
size that are the subject to exploitation in
Serbia. From the standpoint of raw
materials (186 million tons - Balance
reserves), it is obvious that the mine
"Stavalj" cannot be only the holder of its
own development but the underground
mining in Serbia. The markable problems
of the production existing state of the
Mine, low production (about 70,000 tons
per year) high production costs and
unprofitable work.

The reality of production and business
recovery of the Mine is based on the
following facts:

1.Coal reserves in the Central
exploitation field of 9,519,554 tons of
balance  reserves  provide  the
continuous production capacity of at
least 130,000 tons annually over the
next 30 years of exploitation.

2 Relatively small branching of the pit
with almost straight line of connection
the basic rooms by opening and
preparation from the mining district, as

their ~ corresponding  throughput
capacity are suitable to the annual
production.

3.Prospecting and preparation works
have to be done with the priority and
dynamics that provides the continuous
mining,.

4 Drivage of room for basic preparation
and development in the pit have to be
done using the mechanized method as
well as the mechanized mining.

5.Qualifications of the workforce for
modern technologies starting from
engineers to the all levels of qualified
staff structure.

The given facts and their technical-
technological solution are the basis for
future development concept of the pit and
Mine.

3.2. Deposit development as a whole

The mine with low production, weak
market  competitiveness,  unfavorable
climatic conditions, large distance from
consumers and others; the negative
circumstances of road transport have to be
emphasized as the distance of railway
station (the station Rudnica - Raska) some
60 km away from the Mine.

Based on the analysis of mining-
geological conditions of exploitation and
condition of the coal reserves, and the fact
that in this area the exploitation is underway
as well as the all comparative benefits, it can
be concluded that there are real technical
possibilities for construction of the mine
with production capacities of a wide range.
Energy production by combustion coal in
the immediate vicinity of the mine would
allow the construction of the thermal power
facility - Power Plant of 250 MW.

3.3. Power Plant

Starting from the conditions of
exploitation and available reserves, the
current energy situation in the country,
then the quality of coal, the following
variants of production capacity can be
considered that would satisfy the needs of
the Power Plant of 250 MW:

“West variant” with 700,000 t/year of
commercial coal.,

“East variant" with 300,000 t/year of
commercial coal.

It is the planned source of energy to
the amount of about 1 million tons per
year. Geological - structural analyses of
deposit as a whole show that the best area
for use the mechanized exploitation
systems is the West field. It can be
assumed that the required condition of
cost-effectiveness (costs per ton) is the use
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of mechanized mining over a longer
period of time. Plan of development,
preparation and exploitation will solve the
problem of efficient mining the
economically viable reserves in the West
field for the needs of Power Plant.

For this reason, the parameters of
lower concentration in the rooms working
face are considered. On the other hand,
after verifying the favorable mining
conditions in the West field, which can
only, at this stage, be taken into account,
based on the mining experience in the
Central field, development, preparation

and exploitation can become more
effective.
Detailed analyzing the mining-

geological conditions of the West field
conditions has shown that it is possible to
construct the Mine with capacity of
700,000 t/lyear of commercial coal.
Location of the Power plant would be very
close to the exit of the Stavalj gorge,
closer to the Mravin field.

Construction the production capacity
by the "West version" would be performed
in the North block of the West field
where the coal reserves are around 55
million tones. Micro-location of the pit
would be located in the Mravin field. The
existing infrastructure of the Mine
“Stavalj” would fully meet the
requirements of the pit “Mravin field”.

For the needs of production by
the“East variant® a modern small mine
would be constructed at the micro location
Vilujak some 600 m from the asphalt road
to the village of Stup. From this pi, the
reserves would be mined from the East
field in quantities of 200,000 t/year of
commercial coal in the east of the village
to the west and Veskoviéi and in the west
to the pit of the Mine "Stavalj".

The rest of 130,000 t/year of
commercial coal to one million tons, as
shall be necessary for the Power Plant of
250 MW power, would be provided by the
existing pit of the Brown Coal Mine
"Stavalj".

With production from the existing pit
of the Mine "Stavalj" total production
from the entire Basin would be about
1,000,000 tons/year of commercial coal.
These amounts of coal would represent
higher production than the entire current
production of JP PEU "Resavica".
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REKONSTRUKCIJA CLANKASTOG DODAVACA DROBILICNOG
POSTROJENJA ZA RUDU/JALOVINU NA POVRSINSKOM KOPU
RUDNIKA VELIKI KRIVELJ**

Izvod

Izgradnjom primarnog drobilicnog postrojenja za rudu/jalovinu u okviru povrsinskog kopa
rudnika Veliki Krivelj postize se veci kapacitet prerade rude bakra u cilju povecanja kapaciteta
rudnika bakra Veliki Krivelj sa 8,0 na 10,5x10° t/god. rude [1,2]. Veoma vazana i skupa
tehnoloska pozicija u okviru postrojenja je Cclankasti dodavac za rudu/jalovinu kojim se dozira
ruda/jalovinu u primarnu drobilicu Allis Chalmers 48"x74 (1219 x 1879,6) mm. Sa povecanjem
kapaciteta rudnika bakra Veliki Krivelj povecava se i kapacitet flotacije odnosno, proizvedene
kolicine koncentrata bakra a posledicno i kolic¢ine produkovane topionicke sljake pa svako pove-
Canje efikasnosti tih procesa ili energetska racionalizacija ima i te kako smisla i velikog znacaja

Kljuéne reci:Transportni sistem,ruda/jalovina;clankasti dodavac,rekonstrukcija

UvoD

Prema usvojenim strateSkim planovima
razvoja RTB Bor potrebno je bilo izvrsiti
izgradnju drobilicnog postrojenja br.2 u
okviru transportnog sistema za jalovinu,
TSJ, povrSinskog kopa rudnika Veliki
Krivelj do odkopanog prostora povrsinskog
kopa Bor. Dodatnim sagledavanjima doslo
se od ideje da se ovo drobili¢no postrojenje
iskoristi i za drobljenje rude, a ne samo za
drobljenje jalovine, S§to je slucaj sa
postoje¢im  drobili¢nim postrojenjem br.1.,
koje priprema raskrivku sa povrSinskog
kopa Veliki Krvelj i koja se trakstim
transporterima deponuje u slobodan prostor
povrsinskog kopa Bor.

" Institut za rudarstvo i metalurgiju Bor

Sastavni delovi primarnog drobili¢nog
postrojenja su: prijemni bunker za rudu / ja-
lovinu, ¢lankasti dodavac, priithvatni bunker
drobilice, kruzno-konusna primarna dro-
bilica tipa Allis Chalmers 48”x74”, izlazni
levak primarne drobilice, trakasti dodavac
ispod primarne drobilice, pretovarna sipka,
reverzibilni dodavag, izlazna sipka za rudu i
izlazna sipka za jalovinu.

Sastavni deo prijemnog bunkera za
material nakon istovara iz kamiona je
¢lankasti dodavacem, koji se nalazi ispod
prijemnog bunkera. Postavljen je pod
uglom od 18,5°.

** Ovaj rad je proistekao kao rezultat projekta evidencioni broj TR 33023 ,, Razvoj tehnologija
flotacijske prerade ruda bakra i plemenitih metala radi postizanja boljih tehnoloskih rezultat*
finasiranog od strane Ministarstva prosvete i nauke Republike Srbije.
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S obzirom da je izgradnja novog
Clankastog tranasportera veoma skupa,
osim toga i rok izrade je dug, a
postavljeno vreme realizacije izgradnje
objekta tri meseca (zajedno sa fazom
projektovanja), investitor je doneo odluku
da za ovu namenu iskoristi postojeci
Clankasti dodavac iz rudnika Cerovo koji

vise godina nije u radu. Na slici br. 1., je pri-
kazana tehnoloska Sema primarnog drobili-
¢nog postrojenja br. 2., na slici br. 2., je pri-
kazan izgled izgradenog drobilicnog postro-
jenja, na slici br. 3., prikazana je pozicija
hidromotora pogona ¢lankastog dodavaca, a
na slici br. 4., neke faze montaze ¢lankastog
dodavaca.

TEHNOLOSKA SEMA @
DROBILICNOG POSTROJENJA \ @&

@
Kol fm“l@
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-— @

LEGENDA
Poz.1.0: Dovoz materijala
Poz. 2.0: Prijemmi bunker
Por.3.0: Clankasti dodavaé
Poz.4.0: Traka #a sakupljanje pradine
Poz 5.0: Prihvami bunker drobilice
Poz.6.0; Drobilica Allis Chalmer 48 "x74"
Poz. 7.0: Sipka #a pradinu
Poz 8.0: Trakasti dodavad
Poz9.0: Detektor metala
Poz 10.0: Reverzibilni transporter
Pox. 11.0: Transporter za jalovinu
Poz 12.0: Transporter za rudu

SL. 1. Tehnoloska Sema instalisanog drobilicnog postrojenja br.2.

O04728/2011 3:20 pm

SL. 2. Vizuelni prikaz kompletnog drobilicnog postrojenja br.2.
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04/07/2011 3:28 pm

SL 4. Faze montaze clankastog dodavaca
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Proracun snage i kapaciteta
¢lankastog dodavaca

Pre donoSenja odluke o upotrebi
¢lankastog transportera sa rudnika Cerovo,
potrebno je bilo proveriti da 1li ovaj
Clankasti dodava¢ moze da zadovolji po
kapacitetu, imajuc¢i u vidu da je projek-
tovan za kapacitet od 1750 t/h materijala,
a u novoj ulozi na lokaciji rudnika Veliki
Krivelj instalisani ¢lankasti dodavac¢ nap
poz. T 101., treba da bude kapaciteta od
2350 t/h. Nametnula se opravdana sumnja
da snaga pogonskog agregata Clankastog
dodavaca poz. T 101., ne¢e zadovoljiti s
obzirom da ¢e se kapacitet poveéati za
26%. [3.,4]

Pored ovoga, predmetni clankasti do-
davac je proverene konstrukcije, dokazan
u radu, a na ovoj novoj lokaciji, poz. 101.,
doziveo bi skracenje duzine nosece kon-
strukcije za 450 mm, zbog potreba ugrad-
nje. Iz svega navedenog, potrebna je
tehnoloska verifikacija kapaciteta ¢lankas-
tog dodavaca i provera snage elekto mo-
tora hidraulicne pumpe za pokretanje
hidromotora.

U cilju provere kapaciteta osnovno je
utvrditi potreban broj obrtaja ¢lankastog
dodavaca i videti koliko se taj broj obrtaja
moze povecati, i pod kojim uslovima.

Za proracun su potrebni sledeci podaci
vezani za pogonsku grupu ¢lankastog do-
davaca:

Pumpa hidraulickog agregata:

- maksimalni ukupan protok ulja koji
moze da da hidraulicna pumpa je
Q=330 dm*/min

- protok ulja kroz jedan hidromotr je:
Qi=Q/2=330/2=165 dm’/min

- pritisak ulja je p=350 bara

- specifi¢ni protok ulja g=17,768 dm’
- moment na izlaznom vratilu
M=283 Nm/bar

- broj obrtaja hidromotora sa postojec¢im
el. motorom od 132 kW, n=3,8 min™

- stepen korisnog dejstva hidromotora
Myor = 0,95
- stepen korisnog dejstva pogonske
grupe 11,0 = 0,85
Broj obrtaja hidromotora-teoretski:
Teorijski broj obrtaja hidromotora
dobija se iz izraza:

p-9q
1000 - #,,,;

Odavde sledi da je potrebni broj
obrtaja hidromotora:

n= Q~1000'7’]vo[
q

U naSem slucaju, potreban broj obrtaja
jednog hidromotora bio bi:

n= Ql -1000- Mol

0=

q
posle zamene:
330, 1000-0,95
n=—2—  —88min"!
17768

Za maksimalni protok Qp.x = 330
dm*/min i maksimalni pritisak pm.x = 350
bara potrebna snaga elektromotora pumpe
za ulje dobija se iz odnosa:

__pQ
600 - 77,

Postoje¢i  elektromotor  hidrauli¢ne Za nase uslove imamo da bi potrebna
pumpe: snaga elektromotora pumpe bila:

- snaga 132 kW 350-330

- broi i n= in’! N=——=22647 kW

broj obrtaja n=1480 min 600-0.85

Hidraulicki motor (tandem veza dva
komada)
Broj 2,2012. 128 RUDARSKI RADOVI



Ovaj proracun je raden sa maksi-
malnim protokom koji daje hidraulicka
pumpa Q = 330 dm*/min.

Ako posmatramo postoje¢i elektro-
motor od N = 132 kW 1 maksimalni priti-
sak ulja od p = 350 bara koji daje maksi-
malni moment na hidromotoru, potrebni
protok ulja se odreduje iz poznatog izaza:

__pr9
600 - 77,
pa sledi da je potrebni protok ulja:
0= N-600-7,; _
p
_132:600-085 _ 05 34 g / min
350

Ovaj protok ulja se deli podjednako na
dva hidromotora pa se lako dobija pot-
rebni broj obrtaja po hidromotoru:

19234 1000-0,95
n=—2 =514 min~!
17768

Ovo znadi, da sa postoje¢im elektromo-
torom od N=132 kW i maksimalnim mo-
mentom na hidromotorima (za p = 350 bar)
pumpa moze dati protok ulja od Q = 192,34
dm’/min maksimalno, pa sa poveéanjem
protoka ulja doslo bi sigurno do opadanja
snage elektromotora.

Posmatramo slucéaj kada bi se ugradio
elektromotor pumpe za ulje snage 200kW,
tada bi imali sledece vrednosti:

Protok ulja bi iznosio:

N-600-77,,

Q0 =
~200-600-0,85
350
Broj obrtaja hidromotora bi bio:
= 2200100077, _
q
29142 -1000-0,95

-2 =779 min~!
17768

=29142 dn’ /min

Utvrdivanje kapaciteta ¢lankastog do-
davaca, za broj obrtaja n=7,79 min™'
Za utvrdivanje kapaciteta Clankastog
dodavaca poznati su slede¢i podaci:
D = 0,6884 m, pre¢nik lan¢anika
n=7,79 min"
Brzina ¢lankastog transportera:
D-m-n
Y=
60
B = 1,72 m, - svetli otvor dodavaca
h = 1,0 m, - visina materijala u koritu

=028 m/s

p = 1,8 - nasipna masa materijala
k = 0,7 - koeficijent ravnomernog
punjenja materijala
Kapacitet c¢lankastog dodavaca se
dobija iz poznatog izrara:

V=3600-B-h-p-k-v
Smenom se dobija:
V=3600-B-h-p-k-v
V =3600-1,72-1-18-0,7-028=2189 ¢/h

Sracunata vrednost kapaciteta doda-
vaca je za maksimalni pritisak i moment
pri startu dodavaca, ali u radu pritisak
moze da se smanji Sto ¢e izazvati pove-
¢anje protoka ulja do maksimalno 330
lit/min. Za taj protok Q, broj obrtaja
Clankastog dodavaca ¢e posti¢i vrednost
od n=8,8 min". Za ovaj broj obrtaja n,
imac¢emo brzinu i sledstveno tome ka-
pacitet ¢lankastog dodavaca i to:

brzina:

- D-z-n _ 0,6884-314-88 —0317 m/s
60 60

kapacitet:

V=3600-B-h-p-k-v=
=3600-1,72-1-18-0,7-0317 = 2473 ¢/ h

ZAKLJUCAK

Ovom analizom se dokazuje da postojeci
Clankasti dodava¢ sa motorom od 132 kW
ne moze da zadovolji traZzene uslove.
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Takode, ova analza pokazuje da clankasti
dodavaé samo sa izborom jaCeg
elektromotora od 200 kW moze da ispuni
zahtevani kapacitet od 2350 t/h. Ostali
elementi pogonske grupe, pumpa za ulje,
hidromotori (tipa Heglund) ostaju isti tj.
postoje¢i. Prema ovoj analizi, investotor je
preuzeo sve potrebne aktivnosti da izvrsi
potrebnu  rekonstrukciju pogonske grupe
Clankastog dodavaca i prakticno iskoristi
postojeé¢i dodavaé sa rudnika bakra Cerovo-
Cementacija 1, i sa veoma malo ulaganja
reSi problem Clankastog dodavaca za
drobili¢no postrojenje br. 2 na povrSinskom
kopu rudnika Veliki Krivelj. Eksploatacioni
period od godinu dana unazad je najbolji
dokaz da je ova analiza bila ispravna, jer se
pokazalo da je rad clankastog dodavaca,
uostalom kao i celog predmetnog sistema,
[5,6] stabilan, pouzdan i odgovara trazenim
tehnoloskim zahtevima.
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RECONSTRUCTION THE APRON FEEDER OF THE CRUSHING
PLANT FOR ORE/WASTE AT THE OPEN PIT OF THE VELIKI
KRIVELJ MINE"™

Abstract

Construction of the primary crushing plant for ore/waste within the Open Pit of the Veliki
Krivelj Mine has achieved higher capacity of copper pre tprocessing capacity in order to increase
the capacity of the copper Mine Veliki Krivelj from 8.0 to 10.5 x 10° t/year of ore [1,2]. Very im-
portant and expensive technological position within the plant is the apron feeder for ore/waste
which feeds the ore/waste into the primary crusher Allis Chalmers 48 x74”(1219 x 1879.6) mm.
With the increasing of capacity of the copper Mine Veliki Krivelj, capacity of Flotation plant is
also incrfeased, that is the produced quantities of copper concentrate and consequently the
amounts of produced smelter slag, so each increasing the efficiency of these processes or ration-

alization of energy have very important meaning.

Keywords: conveyor system, ore/waste, apron feeders, reconstruction

INTRODUCTION

According to the adopted strategic
plans for development of RTB Bor, it is
necessary to carry out the construction of
Crushing Plant No. 2 within the conveyor
system for waste, the open pit Veliki
Krivelj to the excavated area of the Open
Pit Bor. Additional insights has resulted
into an idea of using this crushing plant
for ore crushing ore, not only for waste
crushing, what is the case with the exist-
ing Crushing Plant No.l, used for

preparing the oberburden material from
the Open Pit Veliki Krivelj and which is
disposed by belt conveyor into the free
space of the Open Pit Bor.

Constituent components of the primary
crushing plant are: receiving bin for ore /
waste products, apron feeder, acceptance bin
of the crusher, primary crusher of the circu-
lar-conical type Allis Chalmers 48" x 74",
output hopper of the primary crusher, belt
feeder under the primary crusher, reloading

* Mining and Metallurgy Institute Bor, 35 Zeleni bulevar, 19210 Bor

" This work is the result of the Project No. TR 33023 “Development of Technologies for Flotation
Processing the Copper Ore and Precious Metals to Achieve Better Technological Results”,
funded by the Ministry of Education and Science of the Republic of Serbia.
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chute, reversable feeder, output chute for ore
and output chute for waste.

An integral part of the receiving bin
for material, after unloading from truck is
the apron feeder, located under the accep-
tance bin. It is set at angle of 18.5°.

Since the construction of a new chain
link conveyor is very expensive, and be-
side this the term of construction is long,
and the set time of implementation the
facility construction is three months

(along with the design phase), the investor
has decided to use for this purpose the
existing apron feeder from the Mine
Cerovo that is out of work for many years.
Figure 1 shows the technological scheme
of the primary Crushing Plant No. 2; Fig-
ure 2 shows the the view of constructed
Crushing Plant; Figure 3 shows the posi-
tion of hydrodrive of apron feeder, and
Figure 4 shows some phases of assem-
bling the apron feeder.
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Poz.4.0: Traka za sakupljanje pradine
Pow.5.0: Prihvatni bunker drobilice
Poz.6.0: Drobilica Allis Chalmer 48°x74"
Poz 7.0: Sipka za prasinu

Poz 8.0: Trakasti dodavaé

Poz.9.0; Detekior metala

Poz 10.0: Reversbilni transporter

Poz. 1 1.0: Transporter za jalovinu

Poz 12.0: Transporter za rudu

Fig. 1. Technological scheme of the installed Crushing Plant No.2

0472872011 3.20 pm

Fig. 2. Visual review of a complete Crushing Plant No. 2
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Fig. 4. Phases of assembling the apron feeder ¢lankastog dodavaca
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Calculation of power and capacity of
apron feeder

Before deciding on the use ofchain
link conveyor from the Cerovo Mine, it
was necessary to check whether this apron
feeder can meet per capacity, given that it
is designed for capacity of 1750 t/h of
material, and in a new role at the location
of the Veliki Krivelj Mine, the installed
apron feeder, position T 101, should have
capacity of 2350 t/h. A reasonable doubt
was imposed that the drive unit power of
the apron feeder, position T 101, will not
be met as the capacity will be increases by
26%. [3,4]

In addition, the subject apron feeder
structure has the checked construction,
proven in operation, and at this new loca-
tion, position 101, would suffer a shorten-
ing of the supporting structure for 450mm,
due to the needs of installation. From the
all above, the technological capacity veri-
fication of the apron feeder and checking
the power of electro drive of hydraulic
pump are necessary to run the hydrodrive.

In order to test the capacity, it is basic
to determine the required number of revo-
lutions the apron feeder and see how this
number of revolution can be increased,
and under what conditions.

The following data connected with a
drive group of apron feeder are required:

Hydraulic pump unit:

~ maximum total flow of hydraulic

pump is Q=330 dm’/min

- oil flow through one hydro motor is:

Q= Q/2=330/2 = 165 dm*/min

- oil pressure is p=350 bar

The existing electromotor of hydraulic
pump:

- power 132 kW

- number of revolutions n=1480min"'

Hydraulic motor (tandem connection
of two pieces):

- specific oil flow q = 17.768 dm®

- output shaft torque M = 283 Nm/bar

- number of revolutions of hydro mo-
tor with the existing electro motor of
132 kW, n=3.8min"

- efficiency of hydromotor 7vor = 0,95

- efficiency of drive unit 7,,; =085

Theoretical number of revolutions of
hydromotor:

Theoretical number of revolutions of
hydromotor is obtained from the expres-
sion:

P9
2= To00. Mol

It follows that the required number of
revolutions of hydro motor is:

_0:1000-7,;
q
In this case, the required number of
revolutions of one hydro motor would be:

0110001,

q
after substitution:
330 -1000-0,95
n=—2_____ - 8,8 min~!
17768

For maximum flow rate Q. =330
dm*/min and maximum pressure Pua=350
bar, the required power of the oil pump elec-
tro motor is obtained from the relationship:

__rQ
600 - 77,

For these conditions, the required
power of the oil pump electro motor
would be:

~350-330
~600-0,85

This calculation was done with maxi-
mum flow of hydraulic pump Q=330
dm®/min.

If the existing electro motor of N =
132 kW is considered and maximum oil
pressure of p = 350 bar, which provides

=226,47 kW
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maximum torque at hydro motor, the re-
quired oil flow is determined from the
known expression:
__pQ
60074

so, it follows that the required oil flow:

o N600my
P
_132.600-0,85
350
This oil flow is divided equally to two
hydro motors, so the required number of
revolutions per hydro motors is easy ob-
tained:

=192,34 dm> / min

%1000-0,95

n=—2 =514 min™!
17768

This means that with the existing elec-
tro motor of N = 132 kW and maximum
torque of hydro motors (for p = 350bar),
the pump can provide the oil flow of Q =
192.34 dm*/min maximum, and with the
increasing oil flow, a decline in electric
power would certainly be.

It is considered a case if an oil pump
electro motor of 200 kW will be installed,
then the following values would be

Oil flow would be:
N-600-77,,,
QZOO ==
_200-600-085 _ 9142 e / min
350

Number of revolutions of hydro motor
would be:

n= Q200 lOOOT]uk _

q
29142 1000-095
-2 =779 min~!
17768

Determinng the capacity of apron feeder
for number of revolutions n=7.79 min™

For determining the capacity of apron
feeder, the following data are known:
D=0.6884 m, chainring diameter
n=7.79 min""
speed of apron feeder:
_D-m-n
60
B=1.72 m, light hole of feeder
h=1.0 m, height of material in a trough

=028 m/s

v

p = 1,8 bulk density of material
k=0.7 coefficient of equal loading of
material
Capacity of apron feeder is obtained
from the known ex[ression:

YV =3600-B-h-p-k-v

By substitution, the following is ob-
tained:

V =3600-1,72-1-18-0,7-0,28=2189 /h

Calculated value of feeder capacity for
maximum pressure and torque at the start
of the feeder, but the pressure can be re-
duced during operation, causing the in-
crease in oil flow up to 330 lit/min. For
this flow rate Q, the number of revolutions
of apron feeder will reach value of n=8.8
min”. For this number of revolutions n,
the speed will be and consequently the
capacity of apron feeder as follows:

Speed:
- D-w-n_06884-314-88
60 60
capacity:
YV =3600-B-h-p-k-v=
=3600-1,72-1-1,8-0,7-0317=2473 t/h

=0317 m/s

CONCLUSION

This analysis has proved that the exist-
ing apronfeeder with motor of 132 kW
cannot meet the required conditions. Also,
this analysis shows that apron feeder with
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a choice of more powerful 200 kW electro
motor can meet the required capacity of
2350 t/h. Other elements of drive unit: oil
pump, hydro motors (type Heglund) re-
main the same, i.e. the existing ones. Ac-
cording to this analysis, the investor has
taken all necessary activities to carry out
the necessary reconstruction of drive unit
of apron feeders and practically use the
existing feeder from the Copper Mine
Cerovo Cementacija-1, and with very little
investment to solve the problem of apron
feeder for the Crushing Plant No. 2 at the
Open Pit Veliki Krivelj. Exploitation pe-
riod of a year back is the best proof that
this analysis was correct, because it was
proved that the operation of apron feeder,
just like the whole subject system [5,6] is
a stable, reliable and suitable to the re-
quired technological requirements.
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MOGUCNOST ISKORISCENJA BAKRENCA IZ TOPIONICKE
SLJAKE KOD NJENOG DIREKTNOG IZLIVANJA 1Z PECI™

Izvod

U ovom radu su prikazana labaratorijska ispitivanja uzoraka Sljake iz “Depoa sljake 1 koji se nalazi u
industrijskom krugu RTB-a Bor. Ispitivanjem je uoceno izdvanjanje bakrenca sa visokim sadrzajem bakra, kao
i izdvajanje elementarnog bakra. Zbog boljih ekonomskih efekata treba razmotriti mogucnost fizicke metode
koncetracije bakrenca na osnovu njegovih fizicko - hemijskih osobina.

Kljuéne reci: topionicka sljaka, bakrenac, bakar, iskorisé¢enje

UvoOD

U industrijskom krugu RTB Bor u
Boru nalaze cetiri deponije topionicke
Sljake. Najznacajnija i najveca deponija
Sljake iz plamenih pedi je ,,Depo §ljake 17,
gde je Sljaka odlagana do 1997. godine.
Ova deponija §ljake moze se posmatrati
kao tehnogeno leziste mineralnih sirovina,
zbog sadrzaja korisnih komponenti i
mogucénosti njihove valorizacije.

Na reprezentativnim uzorcima izvr-
Senja su mineraloska, strukturna, fizicka i
hemijska ispitivanja topionicke Sljake.

GEOLOSKE KARAKTERISTIKE
TEHNOGENOG LEZISTA “DEPO
SLJAKE 17

Tehnogeno leziste bakra “Depo §ljake 17
je izometri¢nog oblika, ¢ija duza osa ima
orijentaciju SZ-JI i duzinu oko 700 m, a

“Institut za rudarstvo i metalurgiju Bor

kraca osa ima orjentaciju JZ-SI i duzinu
oko 200 m. U jugoisto¢nom delu granici
se sa flotacijskim jaloviStem, dok se na
severozapadu grani¢i sa tehnogenim
leziStem “Depo $ljake 4” na kome se, od
1997. godine deponuje topionicka §ljaka
iz plamenih peéi. Severoisto¢nu granicu
lezista Cini jaloviste povrSinskog kopa, a
jugozapadnu industrijska postrojenja TIR-
a (Fabrika sumporne kiseline, topionicka
postrojenja i termoelektrana), te indu-
strijska putna i Zeleznicka infrastruktura.
Geoloske karakteristike tehnogenog
lezista bakra “Depo Sljake 1 uslovljene
su, pre svega, neposrednom podlogom na
kojoj su deponovane, kao i nacinom
obrazovarnja deponije. Podloga deponije
najve¢im delom je tehnogeni materijal tj.
stenska otkrivka sa povrSinskog kopa,

“Ovaj rad je proistekao kao rezultat projekta evidencioni broj TR 33023 , Razvoj tehnologija
flotacijske prerade ruda bakra i plemenitih metala radi postizanja boljih tehnolockih rezultata
finansiranog od strane Ministarstva prosvete i nauke Republike Srbije.
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prethodno deponovaniu u koritu Borske
reke, dok su samo malim delom
neposredno  ispod  Sljake  geogene
tvorevine (borski konglomerati, vulkano-
klasticne stene i aluvion). Deponija je
stvarana sukcesivnim izlivanjem uZarenog
rastopa §ljake, pa je u tom pogledu slicna
izlivima lave.[1]

SLJAKA 1Z METALURSKOG
PROCESA TOPLJENJA SARZE U
TOPIONICI U BORU

Kod svih pirometalurskih procesa
dobijanja metala (bakra), pored osnovnog
produkta (metalnog rastopa), obrazuje se i
druga tecna faza (Sljaka), koja sadrzi
nemetalicne ukljucke i novoobrazovane
okside, 1 predstavlja balast prilikom
dobijanja cistog metala. Da bi proces
dobijanja metala tekao po tehnoloskom
zahtevu, neophodno je da §ljaka ispunjava
sledece uslove:

o §ljake moraju imati dobru tecljivost, i

eda se dobro odvajaju od metala

(bakrenca) i da dobro rastvaraju
razne elemente koji Stetno utiCu na
osobine metala, koji se u procesima
dobijaju.

Sljake predstavljaju slozene sisteme od
veceg broja komponenata, a najcesce su to
rastopi razlic¢itih oksida sa vrlo visokim
temperaturama topljenja.

Sastav Sljake veoma utiCe na tok
samog metalurskog procesa, kao i na
kvalitet konac¢nog proizvoda, pa se zato
znacaju Sljake u metalurgiji sve vise
posvecuje posebna paznja.

Za objasnjenje formiranja i strukture
metalurskih $ljaka koristi se molekularna
teorija i jonska teorija obrazovanja §ljake.

Osnovne komponente Sljake prilikom
topljenja bakarnog koncentrata su SiO,,
FeO, Fe,0O; i MgO. Pored navedenih
komponenti $ljaka cesto sadrzi Fe;Oq,
Al,O;, Cu,S, i1 skoro redovno sitne
kapljice mehanicki zahvacenog bakrenca.

Jedinjenje FeO u S§ljaci se najcesce
nalazi u obliku fajalita (FeO), SiO,, ali u
fajalitu moze biti rastvoren 1 viSak
gvozde-oksida, kao $to je slucaj u baznim
Sljakama.

Fajalit (Fe,Si0,) pripada grupi olivina
koji  kristaliSu rombi¢no u obliku
kratkostubicastih kristala ili se pojavljuju
u zrnastim agregatima. NajceS¢e imaju
karakteristicnu maslinastozelenu boju po
kojoj su i dobili ime, ali mogu biti i
razli¢ito obojeni od bele, svetlozelene,
preko maslinaste i tamnozelene, do crne.
Staklaste su sjajnosti ili masne na
prelomima. Gotovo su bez cepljivosti,
tvrdine 6,5-7.[4]

Sljake plamene pe¢i prema svom
hemijskom sastavu i stvarnoj rastvorljivosti
bakrenca u njima, u stanju ravnoteze,
trebalo bi da sadrze 0,15 do 0,25 % bakra.

To se medutim ne postize u prvenstveno
zbog znaCajnog prisustva mehanicki
ukljucenog bakrenca u sljakama, kao i zbog
hemijski vezanog bakra u obliku oksida u
slu¢aju kada se topi przenac.

LABARATORIJSKA ISPITIVANJA

Na pet reprezativnih uzoraka S$ljake
izvrSene su mineroloske i labaratorijske
analize. Hemijski sastav uzoraka Sljake
dat je u tabeli 1., a hemijski sastav
reprezan-tativnog uzorka Sljake dat je u
tabeli 2.
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Tabela 1. Hemijski sastav rovne Sljake plamenih peci

Elementi, % | S$-1/1 | 8-1/2 | §-1/3 | S-1/4 | §-1/5 | Prosetni sadrZaj
Cu y 0,560 | 0,610 | 0,870 | 0,850 | 0,980 0,747
Cu g, 0,166 | 0352 | 0,130 | 0,223 | 0,178 0,233
Cu g 0,394 | 0,258 | 0,740 | 0,617 | 0,800 0,511

S 0,610 | 0,920 | 0,720 | 0,790 | 1,390 0,892
Fe 37,70 | 34,98 | 37,14 | 37,05 | 37.89 36,62
Fe,0, 11,98 | 9,300 | 14,01 | 15,04 | 16,13 12,63
Fe;0, 8,760 | 8,540 | 9,680 | 9,38 | 9,290 9,030
Sio, 34,03 | 34,52 | 34,66 | 33.45 | 33,04 34,04
ALO; 4,670 | 6,080 | 5,010 | 3,230 | 5,330 5,066
Mo 0,160 | 0,140 0,042 | 0,020 0,100
Ag 3,000 | 4,900 3,500 | 3,500 3,725
Au <0,500 | 0,800 0,500 | 0,300 0,525

Tabela 2. Hemijski sastav
reprezentativnog uzorka sljake

Elementi, | Sljaka | Analititka
% metoda
Cu 0,33 AAS
S 0,20 G
Fe 27,92 \
SiO, 46,72 G
Ca0 19,60 \
AL O, 4,52 ICP-AES
Fe304 3,41 A- Fe304

AAS-atomska apsorpciona spektrofotometrija,
G- gravimetrija,
A-Fe;0,— analizator magnetita,
V —volumetrija,
ICP-AES — atomska emisiona spektrometrija
sa induktivno kuplovanom plazmom.

MINERALOSKA ISPITIVANJA

Mineraloska determinacija topionicke
Sljake iz plamenih peci uradena je sa
najveceg 1 najznacajnijeg depoa “Depo
$liake 17. Sljaku tehnogenog lezista bakra
“Depo $ljake 17 karakteriSe heterogenost u
pogledu fizickih, mineraloskih i hemijskih
osobina. To je posledica raznovrsnosti ruda,
koncentrata i topitelja koji su koriS¢eni u
procesu topljenja, kao i tehnologije koje su
primenjivane u relativno dugom period (do

1943. do 1997. godine). Od reprezentativnog
uzorka topionicke §ljake pod oznakom S - 1,
za kvalitativno-kvantitativnu minera-losku
analizu uzeta su pet uzorka za izradu rudnih
preparata (S-1/1, $-1/2, §-1/3, §-1/4, §-1/5).

Na uzetim uzorcima izvrSena je
determinacija mineralnog sastava i
odredivanje strukturno-teksturnih karakte-
ristika minerala.

Kvalitativna mineraloska analiza
radena je pod polarizacionim mikro-
skopom za odbijenu svetlost u vazduhu, sa
indentifikacijom rudnih i nerudnih mine-
rala. Kvantitativna mineraloska analiza
radena je metodom paralelnih profila, sa
rastojanjem od 1 mm. Rastojanje izmedu
ispitivanih polja i profila pomerana su
rucno. Determinacja uzoraka §ljake radena
je mikroskopom za propustenu i odbijenu
svetlost, marke AXIOSKOP 40, sa
uredajem za mikrofotografiju.

Na osnovu kvalitativnih  minera-
loskih analiza utvrden je slede¢i mineralni
sastav Sljake: ¢vrsti sulfidni rastop (Cu-Fe),
halkozin, pirit, bakar, halkopirit, bornit,
magnetit i minerali jalovine (nemetalidni
minerali), predstavljeni su staklom sa
pojavom razll¢itih euteklickih dendrita
(fajalit i dr.) koji nisu posebno odredivani.
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Makroskopski opis uzorka: $-1/1

Uzorak je tamnosive boje, ¢elicnog sjaja. Na
nekim mestima javlja se iriziraju¢a zeleno-
plava nijansa zbog duzeg stajanja $ljake na

vazduhu. Na povrsini uzorka vidljive su
sferi¢ne Supljine, $to ukazuje da je uzorak
proizvod toljenja rude-Sljake, slika 1.

SL 1. Makroskopski izgled sljake, binokular, uveéanje 50 puta

Mikroskopski opis uzorka: $-1/1

Kvalitativnom mineroloskom anali-
zom utvrden je slede¢i mineralni sastav:
fajalit, ferit, pirit, halkozin, bornit, ¢vrsti
sulfidni rastvor (bakrenac) i samorodni
(metalni) bakar.

Osnova §ljake je izradena od fajlita i ferita
u koju su uprskane sitne Cestice pirita,
halkopirita, halkozina, bornita, bakrenca i
samorodnog (metalnog) bakra. Fajaliti su
zastupljeni u vidu pritkastik kristalica.
Feriti su zastiljeni u vidu skeletnih kristala

SL. 2. Sraslac halkopirita, pirit i bakrenac sa

izdvajanjem elementarnog bakra,
objektiv 50x, Il Nikoli

(dendriti). Fajaliti i feriti su proizvod
topljenja rude — Sljake. Pirit je
najzastupljeniji od svih sulfidnih minerala,
u vidu zrna sferi¢nih i nepravilnih formi.
Pirit je uglavnom srastao sa jalovinom. Od
minerala bakra javljaju se halkopirit,
halkozin i bornit. Samorodni bakar se
retko uocava u vidu sitnih Zilica i zrnastih
formi. Mikrofotografije uzoraka $ljake
prikazane su na slikama 2, 3 1 4.

SL. 3. Sraslac halkopirita, pirit i bornita u
fajalitskoj osnovi, objektiv 10x, II Nikoli
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SL. 4. Sraslac pirita i halkozina, halkozin i
bakrenac, objektiv 50X, 1l Nikoli

TEHNICKI OPIS
PROCESA GRANULACIJE U
LABORATORIJSKIM USLOVIMA

Pod pojmom granulacije se podra-
zumeva naglo hladenje tecne Sljake pod
pritiskom hladne vode i dobijanje §ljake u
vidu nepravilnih granula. Kvalitet granula
zavisi od hemijskog sastava §ljake, tempe-
rature Sljake pre izlivanja, brzine izlivanja
Sljake, pritiska i kolicine rashladne vode.

Za laboratorijske uslove koris¢ena je
Sljaka koja je wuzeta sa deponije, u
komadastom obliku, razli¢itih veli¢ina.

Posto takva prikupljena Sljaka, koja

Tabela 3. Hemijski sastav uzorka

- gt 12

SL 5. Bakrenac u fajalitskoj osnovi,objektiv
50X, II Nikoli

je bila izloZzena atmosferilijumu, sadrzi i
fizicku vlagu, pre nego §to se otpocne sa
njenim topljenjem neophodno je njeno
suSenje. Dopremljena §ljaka je podvrgnuta
prirodnom su$enju, odnosno, rasprostrta je
na vefu povrSinu, kako bi eliminisali
fizicku vlagu. Po =zavrSetku prirodnog
susenja uzima se vise uzoraka sa razlicitih
mesta i formira kompozitni uzorak, koji se
upucuje na analizu. Hemijski sastav
uzorka je prikazan u tabeli 3.

Jedinjenja- .

hemijski elementi Cu | Fe;04 | CaO S Fe FeO | SiO, | ALO;
Sadrzaj, % 0,68 | 1,754 | 17,26 | 1,07 | 25,69 | 26,75 | 43,76 | 3,89
Granulacija §ljake je radena u  bila t=1250°C. Merenje temperature §ljake

laboratorijskim uslovima, a za njeno
izvodenje koris¢en je specijalni uredaj za
pravljenje granulata. Prethodno osusena i
analizirana §ljaka je podvrgnuta topljenju
u indukcionoj peéi za topljenje, snage 100
kWh, u loncu zapremine V=10 1,
proizvodaca ELING - Loznica. Prilikom
eksperimenta istopljeno je 25 kg Sljake
(hemijskog sastava prikazanog u tabeli 1),
temperatura pri kojoj je §ljaka izlivena je

obavljeno je potapaju¢im pirometrom.
Opis granulatora

Konstruisani specijalni granulator je
mobilan i omogucava, da se Sljaka naglo
hladi mlaznicama, koje se nalaze na
¢eonoj prednjoj strani rezervoara, odmah
iza valjka granulatora, kome je jedan deo
potopljen u rashladnu vodu. Ispod valjka
je prihvatni ko$ sa perforiranim dnom,
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koji prihvata nastale granule i koji se nakon

U tako  konstruisan  granulator

izlivanja celokupne koliCine $ljake iz pe¢i  granulisano je 25 kg Sljake. Sastav
vadi uz pomo¢ dizalice i nakon cedenja, granulisane sljake dat je u tabeli 4.
odlaze u korpu za granulisanu §ljaku.
Tabela 4. Hemijski sastav granulisane Sljake
Jedinjenja- hemijskd Cu | S | Fe | SiO, | CaO | ALO; | Fe;0,
elementi
Sadrzaj, % 0,33 | 0,20 | 27,92 | 46,72 | 19,60 | 4,52 | 3,41

Razlika u hemiskom sastavu, pre i po-
sle granulisanja §ljake, objaSnjava se izdva-
janjem posebne faze (bakrenca- Cu,S FeS)
koja je bila zarobljena u komadima $ljake.

Posle izvrSene granulacije ru¢nim
odabiranjem izdvojena je mala koli¢ina
bakrenca, koja je data na hemijsku
analizu. Rezultati hemijske analize
bakrenca dati su u tabeli 5.

Tabela 5. Hemijski sastav bakrenca iz
granulisane Sljake

Elementi, Sljaka Analiticka
% metoda
Cu 17,04 EG
Fe 36,38 \%

S 15,13 S
Ca0O 7,40 AAS
FeO 44,02 R

Fe;0, 6,53 A- Fe;04
SiO, 17,00 G
ALO; 1,63 AAS

AAS - atomska apsorpciona spektrofotometrija,
G - gravimetrija,

A-Fe304 — analizator magnetita,

V —volimetrija, EG -,

S -Spaljivanje,

R -Racunski

ZAKLJUCAK

Na osnovu hemijskih i mineroloskih
analiza moze se zakljuciti da se prilikom
granulisanja $ljake izdvajuju dve faze:

- siromas$nija na bakru (granulisana

Sljaka) sa 0,33% Cu, tabela 4,
- bogatija na bakru (bakrenac) sa
17,04 % Cu, tabela 5.

U daljem nasem radu razmotri¢emo
mogucnost dobijanja bakrenca primenom
fizi¢ih metoda koncetracije. Veliki sadrzaj
bakra u Dbakrencu daje moguénost
povecanja ekonomske dobiti zbog povo-
line cene bakra na nasem i svetskom
trziStu. Na osnovu fizicko - hemijskih
karakteristika bakrenca treba razmotriti
mogucénost primene fizi¢th metoda
koncentracije u cilju njegovog izdvajanja
iz fajalitske osnove, kao i mogucnost
eksperimentalne proizvodnje zbog unapre-
denja tehnoloskih rezultata.
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POSSIBILITIESOF USE THE COPPER MATTE FROM
SMELTER SLAG INITSDIRECT BAKRENCA OF SMELTING
SLAG IN ITSDIRECT DISCHARGE FROM FURNACE ™

Abstract

This paper presents the laboratory testing of slag samples from the "Slag Depot 1", located in
the industrial site of RTB Bor. Testing revealed a separation of copper matte with high copper
content, as well as the separation of elemental copper. Due to the better economic effects, should
be considered a possibility of physical concentration method of copper matte has to be considered,

based on its physical and chemical properties.

Keywords: smelter slag, copper matte, copper, recovery

INTRODUCTION

There are four dumps of smelter slag
in the industrial site of RTB Bor. The
most important and the biggest slag dump
from reverberatory furnaces is the "Slag
Depot 1", where the slag was delayed until
1997. This slag dump can be considered
as a technogenic deposit of mineral re-
sources due to the content of useful com-
ponents and capabilities of their recovery.

Mineralogical, structural, physical and
chemical testing of smelter slag were done
on representative samples.

GEOLOGICAL CHARACTERISTICS
OF THE TECHNOGENIC DEPOSIT
“SLAG DEPOT 1”

Technogenic copper deposit "Slag De-
pot 1" has an isometric form with NW-SE

* Mining and Metallurgy Institute Bor

orientation of longer axis and length of
approx. 700 m, and NE-SW orientation of
shorter axis and length of approx. 200 m.
In the southeastern part, it borders the
flotation tailing dump, while in the north-
west it borders the technogenic deposit
"Slag Depot 4" where, since 1997, the
smelter slag is delayed from the reverbera-
tory furnaces. Northeastern border of the
deposit includes the waste dump of the
open pit, southwestern border includes the
industrial facilities of TIR (Sulphuric Acid
Plant, smelter facilities and power plants),
and industrial road and rail infrastructure.
Geological characteristics of the tech-
nogenic copper deposit "Slag Depot 1" are
conditioned, first of all, by the immediate
surface on which they are deposited and a

** This work is the result of the Project No. TR 33023 “Development of Technologies for Flota-
tion Processing the Copper Ore and Precious Metals to Realize Better Technological Re-
sults “, funded byt the Ministry of Education and Science of the Republic of Serbia
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method of landfill formation. Surface of
the landfill was mostly technogenic mate-
rial, i.e. waste rock from the open pit, pre-
viously delayed in the bed of the Bor
River, while the geogenic formations are
only a small portion just below the slag
(the Bor conglomerates, volcanic-clastic
rocks and alluvium). The landfill was cre-
ated by successive discharging the red-hot
molten slag, and in this respect similar to
the outpourings of lava. [1]

SLAG FROM THE
METALLURGICAL PROCESS OF
CHARGE SMELTING IN THE
SMELTER IN BOR

In all pyrometallurgical processes of
metal obtaining (copper), in addition to
the basic product (molten metal), the sec-
ond liquid phase (slag) is formed, which
contains non-metallic inclusions and
newly formed oxides, and presents a bal-
last in obtaining the pure metal. To make
the process of metal obtaining according
to the technological requirement, it is nec-
essary that slag meets the following re-
quirements:

e slag must have good flowability, and

e slag must be well separated from the

metal (copper matter) and dissolve
well various elements that adversely
affect the properties of metals, ob-
tained in the processes.

Slag is complex systems of a number
of components; most often those are mol-
ten of various oxides with high melting
temperatures.

Slag composition greatly affects the
flow of metallurgical process and quality
of the final product, and therefore more
attention is paid to the importance of met-
allurgical slag.

The molecular theory and ion theory of
slag formation are used for an explanation
of formation and structure of metallurgical
slag.

The basic components of slag during
smelting of copper concentrates are: SiO,,
FeO, Fe,0; and MgO. In addition to these
components, the slag often contains Fe;0y,
ALO;, Cu,S, and almost always small
drops mechanically affected copper matte.

Compound FeO in slag is commonly
found in the form of fayalite (FeO), SiO,,
but the excess iron oxide can be dissolved
in fayalite, as it is the case in basic slag.

Fayalite (Fe,SiO,) belongs to a group
of olivine that is crystallized into rhombic-
shaped crystals or appears in granular ag-
gregates. Usually they have a distinctive
olive drab color on which they were
named, but they may be differently col-
ored from white, light green, through olive
and dark green to black. They have glassy
brightness or greasy on fractures. They are
almost without tearing, hardness from 6.5
to 7. [4]

Slag of reverberatory furnace, accord-
ing to its chemical composition and actual
solubility of copper matter in it, in equilib-
rium, should contain 0.15 to 0.25% copper.

It is however not achieved, primarily
due to the presence of mechanically in-
cluded copper matte in the slag, as well as
chemically bounded copper in the form of
copper oxide when the calcine is melted.

LABORATORY TESTING

Mineralogical and laboratory analyses
were carried out on five representative
samples. Chemical composition of slag
sample is given in Table 1, and chemical
composition of representative slag sample
is given in Table 2.
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Table 1. Chemical composition of raw slag from reverberatory furnace

Elements, % SVl S12 | SU3 S1/4 S 15 Aver age content
CU toa 0.560 | 0.610 | 0.870 | 0.850 0.980 0.747
CU oiq. 0.166 0.352 | 0.130 0.223 0.178 0.233
Cu g1, 0.394 0.258 0.740 0.617 0.800 0.511

S 0.610 0.920 | 0.720 0.790 1.390 0.892
Fe 37.70 34.98 37.14 37.05 37.89 36.62
Fe,O3 11.98 9.300 14.01 15.04 16.13 12.63
Fe;0,4 8.760 8.540 | 9.680 9.38 9.290 9.030
SO, 34.03 34.52 34.66 33.45 33.04 34.04
Al,O3 4.670 6.080 5.010 3.230 5.330 5.066
Mo 0.160 0.140 0.042 0.020 0.100
Ag 3.000 4.900 3.500 3.500 3.725
Au <0.500 0.800 0.500 0.300 0.525

Table 2. Chemical composition of a rep-
resentative slag sample

Elements, Slag Analytical
% method
Cu 0.33 AAS
S 0.20 G
Fe 27.92 \%
SO, 46.72 G
CaO 19.60 Vv
Al,O; 4.52 ICP-AES
Fe0,4 3.41 A- Fe;04

AAS - atomic absorption spectrophotometry,

G- gravimetry,

A-Fe;0,— magnetite analyzer,

V —volumetry,

ICP-AES — atomic emission spectrometry with
inductively coupled plasma.

MINERALOGICAL TESTING

Mineralogical determination of smelter
slag from reverberatory furnaces was carried
out from the biggest and most important
depot the "Slag Depot 1." Slag from copper
technogenic deposit the "Slag Depot 1" is
characterized by heterogeneity in terms of
physical, mineralogical and chemical prop-
erties. This is a consequence of various ores,
concentrates and flux, used in the smelting
process, and the applied technologies in a
relatively long period (from 1943 to 1997).

From a representative sample of smelter
slag, marked S - 1, for the qualitative-
quantitative mineralogical analysis, five
samples were taken for development of min-
eral samples (S-1/1, S-1/2, S§-1/3, S-1/4, S-
1/5).

Determination of mineral composition
and structural-textural properties of min-
erals was carried out on taken samples.

Qualitative mineralogical analysis was
carried out under the polarizing micro-
scope for reflected light in the air, with
identification of ore and non-ore minerals.
Quantitative mineralogical analysis was
carried out using the method of parallel
profiles with distance of 1 mm. Distances
between the investigated fields and sec-
tions were relocated manually. Determina-
tion the slag samples was carried out using
a microscope for missed and reflected
light, brand AXIOSKOP 40, with device
for photomicrography.

Based on the qualitative mineralogical
analysis, the following mineral composi-
tion of slag was identified: solid sulphide
melt (Cu-Fe), chalcocite, pyrite, copper,
chalcopyrite, bornite, magnetite and waste
minerals (non-metal minerals); they were
presented by a glass with appearance of
various eutectic dendrites (fayalite and
others) not specifically determined.
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M acr oscopic description of sample:
S1/1
Sample is a dark gray with steel shine. In

some places there is irritating green-blue
shade due to longer standing of slag on the

air. On the sample surface, there are visible
spherical cavities, indicating that the sample
is a product of ore-slag smelting, Figure 1.

Fig. 1. Macroscopic view of slag, binocular, magnification 50 times

Micr oscopic description of sample: S-1/1

Qualitative mineralogical analysis has
identified the following mineral composi-
tion: fayalite, ferrite, pyrite, chalcocite,
bornite, solid sulfide solution (copper
matte) and native (metallic) copper.

The base of slag is made of fayalite
and ferrite in which the tiny particles of
pyrite, chalcopyrite, chalcocite, bornita,
copper matte and native (metallic) copper
are disseminated. Fayalites are represented
in the form of rodding crystals. Ferrites
are represented in the form of skeletal

Fig. 2. Intergrowth of chalcopyrite, pyrite
and copper matte with separation of
elemental copper, lens 50X, Il Nikoli

crystals (dendrites). Fayalite and ferrites
are the product of smelting - slag. Pyrite is
the most present of all sulphide minerals
in the form of spherical beads and irregu-
lar forms. Pyrite is generally intergrown to
the waste. Copper minerals occur as chal-
copyrite, chalcocite and bornite. Native
copper is rarely observed in the form of
small veins and granular forms. Micro-
photographies of slag samples are shown
in Figures 2, 3 and 4.

Fig. 3. Intergrowth of chalcopyrite, pyrite
and bornite in fayalitic basis,
lens 10X, II Nikoli
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Fig. 4. Intergrowth of pyrite, chalcocite and
copper matte, lens 50X, Il Nikoli

TECHNICAL DESCRIPTION OF
THE GRANULATION PROCESSIN
THE LABORATORY CONDITIONS

The term granulation includes the sud-
den cooling of liquid slag the pressure of
cold water and slag obtaining in the form
of irregular granules. The quality of gran-
ules depends on the chemical composition
of slag, slag temperature prior to dis-
charge, discharge rate of slag, pressure
and quantity of cooling water.

For laboratory conditions, the slag,
taken from the dump, was used in a piece
form of various sizes.

Table 3. Chemical composition of a sample

Fig. 5. Copper matte in fayalitic basis, lens
50X, II Nikoli

Having collected such slag, exposed to
the atmospheric, contains also the physical
moisture, before its melting, it is necessary
to dry it. The delivered slag was subjected
to natural drying and spread over larger
area in order to eliminate the physical
moisture. Upon completion the natural dry-
ing, many samples are taken from different
places and a composite sample is formed,
which is sent for analysis. Chemical com-
position of a sample is shown in Table 3

Compounds — chemical .
dements Cu Fes0,4 CaO S Fe FeO | SO, | AlOs
Content, % 0.68 1.754 17.26 | 1.07 25.69 | 26.75 | 43.76 3.89

Slag granulation is carried out in labora-
tory conditions, and a special device was
used to make granules. Previously dried and
analyzed slag was subjected to melting in
the induction furnace for melting, 100 kWh
in a pot, volume V = 10 1, the manufacturer
ELING - Loznica. During experiment, 25 kg
of slag was melted (chemical composition
shown in Table 1), at temperature at which
the slag was discharged t = 1250°C. Measur-
ing the temperature of slag was carried out
using the immersion pyrometer.

Description of granulator

The constructed special granulator is
mobile and provides the sudden cooling of
slag by jets, which are located on the front
part of the tank, just behind the granulator
drum, with a submerged part in cooling wa-
ter. A carrying the basket is below a roller
with perforated bottom, which accepts the
resulting granules and that after discharge
the entire amount of slag from the furnace is
removed with a crane, and after filtering,
stored in a basket for granulated slag.
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Such constructed granulator has 25 kg
of granulated slag. Granulated slag com-

position is given in Table 4.

Table 4. Chemical composition of granulated slag

Compounds— chemical !
dements Cu S Fe SO, CaO | Al,O; | Fe04
Content, % 033 | 0.20 27.92 | 46.72 | 19.60 4.52 3.41

Difference in chemical composition
before and after granulation of slag is ex-
plained by separation of special phase
(copper matte - Cu,S FeS) that was
trapped in the pieces of slag.

After carried out manual separation, a
small amount of copper matte was sepa-
rated and given to a chemical analysis.
The results of copper matte chemical
analysis are given in Table 5.

Table 5 Chemical composition of copper
matte from granulated slag

melilt(:,% Slag | Analytical method

Cu 17.04 EG
Fe 36.38 \
S 15.13 S

CaO 7.40 AAS

FeO 44.02 R

Fes0, 6.53 A- Fe;0,
SiO, 17.00 G

AlL,O; 1.63 AAS

AAS — atomic absorption spectrophotometry,
G — gravimetry,

A-Fe;0, — magnetite analyzer,

V —volumetry,

EG -, S—incineration, R - computational

CONCLUSION

Based on chemical and mineralogical
analyses, it can be concluded that two
stages are separated in slag granulation:

- low-grade on copper (granulated

slag) with 0.33% Cu, Table 4,
- high-grade on copper (copper matte)
with 17.4% Cu, Table 5.

In future work, the possibility of ob-
taining the copper matte will be consid-
ered using the physical methods of con-
centration. High copper content in copper
matte gives the possibility of increasing
the economic profit due to favorable cop-
per price on domestic and the world mar-
ket. Based on the physical-chemical char-
acteristics of copper matte, the possibility
of use the physical methods of concentra-
tion should be considered for their separa-
tion from the fayalitic basis as well as the
possibility of experimental production for
improving the technological results.
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FAKTORI EKONOMSKE USPESNOSTI U RUDNICIMA

Izvod

Upravijacke odluke u rudarskim preduzecima zasmivaju se na mogucnostima regulisanja
tokova poslovanja u pojedinim segmentima ciklusa reprodukcije. Pri tome, uocavaju se i odredena
objektivna dejstva koje preduzece svojim upravljackim merama ne moze da otklanja i menja u toku
procesa reprodukcije. Odredena subjektivna dejstva na poslovanje mezoekonomskog sistema
podlozna su promenama upravljackim odnosima.

U ovom radu bice analizirani objektivno uslovljeni faktori ekonomske uspesnosti u rudnicima.
U grupu dejstava na poslovanje mezoekonomskog sistema koja su objektivno data mogu se
svrstati: prirodni, drustveni i tehnicki faktori. Prirodni faktori se javijaju kao specificna dejstva
Ciji se uticaj na preduzeée ne moze menjati organizacionim merama ali se moze racionalnim po-
nasanjem preduzeca u koriséenju prirodnih uslova obezbediti njihovo ocuvanje. Bogatiji prirodni
resursi su u dobroj meri ve¢ iscrpljeni, pa su preduzeca iz ove oblasti prinudena da eksploatisu
manje kvalitetne izvore, a to ¢e imati za posledicu poskupljenje proizvodnje. Uticaj drustvenih i
tehnickih faktora u rudnicima moze se menjati, ali ne u toku reprodukcije, ve¢ na osnovu opstih
promena u privrednom i drustvenom okruzZenju kao i promenom proizvodne snage rada za koju je
potrebno dodatno ulaganje iz prethodne akumulacije.

Kljuéne reci: ekonomska uspesnost, rudarska preduzeca, objektivni faktori, reprodukcija.
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UVOD

Rudnici su takve privredne organizacije
ekstraktivne industrije, u kojima se obavlja
ekstrakcija mineralnih sirovina sa ciljem da
se njihovom pripremom 1 realizacijom na
trzistu omoguéi Sto potpunije zadovoljenje
drustvenih potreba u svrhu dalje prerade ili
potrosnje.

Specificnost poslovanja rudnika kao
mezoekonomskog sistema proisti¢e upravo
iz uloge da se u procesu druStvene
reprodukcije eksploatise leziste jedne vrste
sirovina, koja su data od prirode i koja se
mogu eksploatisati dok ih ima u lezistu.
Rudno blago se ne regenerise, jednom
otkopana ruda se viSe ne moze nadoknaditi
ve¢ se novim istrazivanjima mogu
obezbediti nova lezista za eksploataciju. S
obzirom da je rudno blago dobro od opsteg
interesa onda se kod otkopavanja posebno
mora voditi racuna da se rudna tela sa nizim
sadrzajem metala ne smeju ostavljati
neotkopana ~ ve¢  naprotiv  njihovu
eksploataciju kombinovati sa eksploatacijom
rudnih tela sa bogatijim sadrzajima. Montan
geoloske karakteristike rudnih lezista i
njihove osobine u pogledu kvantiteta rude,
kvaliteta rude - sadrzaja metala u rudi i
prostorna orijentacija su prirodno definisani
itime je ljudski uticaj zanemarljiv.

Uticaj prirodnih uslova je znacajan na
rezultate koji se postizu u radu rudarskih
preduzecéa gde je leziSte mineralnih sirovina
polazni element rudarske proizvodnje. Zna-
Cajno je i dejstvo faktora vremena u efek-
tima koje vreme istrazivanja, izgradnje
rudnika uslovljava u rezultatima poslovanja.

Na ostvarenje stepena ekonomske
uspesnosti (odnos rezultata i ulaganja)
rudarskih preduzeca pored ekonomskih
zakonitosti procesa reprodukcije, uti¢u
razni faktori razlicitog inteziteta delovanja
i razlic¢itog kvaliteta, koji se obicno
grupisu u objektivne i subjektivne faktore.

OBJEKTIVNO USLOVLJENI
FAKTORI

Objektivno  uslovljeni  faktori u
rudnicima ¢iji se uticaj ne moze menjati u
toku datog ciklusa reprodukcije poticu iz
same sredine koja se eksploatiSe (prirodni
uslovi lezista mineralne sirovine) kao i
tehni¢kih uslova u kojima se proizvodnja
odvija  (tehnicka opremljenost rada,
primena metoda otkopavanja, ulaganja u
kapacitet i dr.) ili se njihov uticaj ispoljava
kao dejstvo iz okruzenja (drustveni faktori).
Kako je njihovo delovanje na ekomsku
uspes$nost u rudnicima razli¢ito izdvajaju
se: prirodni, tehnicki i drustveni faktori.

Prirodni faktori u rudnicima

Osnovu rudarske proizvodnje Cine
lezista mineralnih sirovina, iz kojih se
ulaganjem zivog ljudskog rada uz pomo¢
sredstava za rad, otkopavaju pojedine
mineralne sirovine, pogodne za zadovo-
ljenje odredenih potreba. Lezista minera-
Inih sirovina su data od prirode i razme-
Stena su na razlicitim lokacijama. Pri
izu¢avanju faktora koji deluju u rudarskoj
proizvodnji specifiCan uticaj imaju lezista
mineralnih sirovina ¢ije su razlike uslovlje-
ne na osnovu prirodnih ¢inilaca kao §to su:

- kvalitet, odnosno bogastvo mineralnih

sirovina korisnim komponentama,

- sadrzaj Stetnih primesa,

- polozaj leziSta u odnosu na povrSinu,
tjst na uslove eksploatacije,

- strkuturno teksturne osobine,

- montan geoloske prilike,

- saobracajni uslovi,

- blizina trZista i stalnost potroSnje.

Usled dejstva prirodnih faktora dolazi do

razliCitih efekata u proizvodnji iako su
uloZena ista sredstva i ista koli¢ina rada.
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Razlika u proizvodnji je uslovljena
kvalitetom i koli¢inom korisnih komponenti
ili lokacijom podrucja gde se leziste nalazi.

Kao uticajni prirodni faktori Cije se
dejstvo ispoljava kao uticaj prirodnih uslova
koji uticu na proces reprodukcije i
ekonomsku uspes$nost mogu se posmatrati:
metalogenetski faktori, geoloski faktori i
regionalni (ekonomsko - geografski) faktori.

Metalogenetski  faktori - pruzaju
osnovu da se na osnovu uocenih kontrolnih
faktora stvaranja i razmestaja rudnih leziSta
(genetski tip, razmere, kvalitet orudnjenja)
moze ocenjivati potencijalnost pojedinih
metalogenetskih jedinica u pogledu odre-
denih mineralnih sirovina.

Geoloski faktori - imaju uglavnom natu-
ralni karakter. Medu njima su najznacajniji:
a) ekonomski tip rude, b) ekonomski tip
lezista, c¢) razmere, d) morfoloske karak-
teristike rudnih tela i leziSta i dr.) uslovi
vezani sa prostornim polozajem lezista.

Regionalni (geografSki) faktori dejstvo
ovih faktora se ispoljava u zavisnosti od
lokacije lezista mineralnih sirovina u odnosu
na potroSaca, odnosno trziste kao i od uslova
i troskova snabdevanja energijom, vodom,
radnom snagom, razliCitim gradevinskim
materijalom, gradom za podgradivanje i dr.

Na osnovu specificnih naturalnih poka-
zatelja uz primenu adekvatnih ekonomskih
kriterijuma i metoda, utvrduju se odredeni
vrednosni pokazatelji koji zajedno sa natura-
Inim ili u kombinaciji sa njima u okviru
karakteristicnih  metodologija ekonomske
(vrednosne) ocene obezbeduju kompleksno
sagledavanje leZiSta u odnosu na njegov
ukupni a i $iri drustveni znacaj.

DRUSTVENI FAKTORI

Kao uticajni drustveni faktori Cije se
dejstvo posmatra kao objektivno dato
(postojece drustvene institucije i drustvene
vrednosti) istiCu se: osvojenost podrucja u
kome se leziste nalazi kao i trzi$ni faktori.

Osvojenost podrucdja - u smislu stepena
razvoja tako da se sa relativno manjim inve-
sticionim ulaganjima obezbede optimalni
ekonomski rezultati. Tako je za rudnike zna-
¢ajna obezbedenost podrucja rezervama razli-
Citth sirovina za proizvodnju gradevinskog
materijata kao i postojanje nekih veé izgra-
denih industrijskih objekata sa kojima se rud-
nici povezuju. Ekonomija rudarskih predu-
zeca je pod snaznim uticajem drustvene eko-
nomije posto je ona sama deo tog sistema.
Otuda visi ili nizi nivoi razvoja nacionalne
privrede uti¢u i na ulaganja u konkretnom-
preduzedu.

Jedan od znacajnih drustvenih faktora
koji uti¢e na ulaganje i kreira krajnji
poslovni rezultat jesu trziSni uslovi,
odnosno nabavka elemenata proizvodnje i
prodaja gotovih proizvoda.

Trziste mineralnih sirovina je po mnogim
karakteristikama specificno u odnosu na
trziSte drugih industrijskih proizvoda. Pre
svega, najpovoljniji uslovi realizacije su tamo
gde se poklapaju mesto eksploatacije (leZiste -
rudnik) 1 trziste (potrosac). To je slucaj kod
lezista uglja u blizini termoelektrana. Veliki
proizvodacki kapaciteti mineralnih sirovina
moraju biti dugoro¢no orijentisani na velika
(stabilna) trzista.

U zemljama sa slobodnom trzisnom
priviedom plasman novih koli¢ina mine-
ralnih sirovina na trzistu odreden je stanjem
ponude 1 potraznje, odnosno razvojem
industrijskih i drugih grana koji koriste datu
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mineralnu sirovinu, kao i od profita koji se
kupovinom (prodajom) moze ostvariti.

Berzanske cene metala su Cesto nize
od onih koje su trebalo da se uspostave na
bazi odnosa izmedu ponude i traznje pod
uticajem snaznih korporacija iz razvijenih
zemalja koje vestacki uslovljavaju ponudu
metala.

TEHNICKI FAKTORI U RUDNICIMA

Na ostvarivanje ekonomske uspesnosti
(kvaliteta ekonomije) u rudnicima kao i
pogonima za flotacijsku 1 metalurSku
preradu veliki znacaj imaju tehnicki
faktori. Oni se ogledaju: u primenjenim
metodama eksploatacije leziSta mineralnih
sirovina, karakteristikama tehnoloSkog
procesa prerade rude 1 koncentrata,
tehni¢koj opremljenosti rada, sredstava za
rad, kvaliteta ulazne sirovine - rude,
kvalitetu proizvoda - koncentrata, odnosno
metala u proizvedenom koncentratu.

Analizom tehnickih faktora (tehnicko -
eksploatacioni faktori) jo$ pre pocetka
rada rudnika moze se utvrditi da li je
tehnicki moguce i ekonomski opravdano
eksploatisati  odredeno
optimalnu kombinaciju ekonomije mine-
ralne ekonomije novcanih
sredstava. U tom cilju se utvrduju:

leziSte uz
sirovine 1

- troskovi eksploatacije, i uticaj izbora
metode (sistema) eksploatacije i veli-
¢ine proizvodnog kapaciteta na veli-
¢inu 1 strukturu troSkova,

- obezbedivanje optimalne raciona-
Inosti iskori§¢avanja mineralne siro-
vine pri eksploataciji, sa posebnim
osvrtom na gubitke 1 razblazenje

korisne komponente u lezistu.

Troskovi  eksploatacije su jedan od
najpotpunijih  tehnicko -  ekonomskih
pokazatelja. Njihova veli¢ina u osnovi zavisi
od opstih uslova u kojima se nalazi leziste, i u
skladu sa tim uslovima izabrane metode
(sistema) otkopavanja, kao 1 veliine
proizvodnog  kapaciteta. Kod troskova
eksploatacije u rudnicima vazno je u strukturi
ukupnih troskova utvrditi veli¢inu fiksnih i
proporcionalnih troskova kao i uticaj stepena
iskori$c¢enja kapaciteta na njihovo ponasanje.
S obzirom da je mineralno blago dobro od
opsteg interesa i ne regeneriSe se, mora se
eksploatisati racionalno. Kada ovo kazemo
mislimo da se mora teziti ostvarenju opti-
malnih tehnoloskih parametara u svim
fazama:

- eksploataciji (otkopavanju rude)

- pripremi mineralnih  sirovina
(flota-cijama, separacijama i sli¢no) i

- visokoj koncentraciji mineralnih
siro-vina (u  metalurgijama za
metali¢ne mineralne sirovine).

Metode eksploatacije rude kao tehnicki
faktor — Primenjene metode otkopavanja
izabrane u zavisnosti od opstih uslova u
kojima se leziSte nalazi, njegovih karak-
teristika i veli¢ina proizvodnog kapaciteta su
znacajni tehnicki faktori koji uslovljavaju
troskove eksploatacije. Razlikuju se tri na-
¢ina otkopavanja leziSta Cvrstih mineralnih
sirovina:povrsinski podzemni i podvodni.

Jedan od =zahteva koji se namece
savremenoj rudarskoj proizvodnji je zahtev
za kompleksno iskoriS¢enje  pratecih
komponenti iz lezista mineralnih sirovina.
Ovo naro¢ito ima znacaja onda kada se ove
sirovine mogu rentabilno otkopavati i
preradivati kao prateci proizvodi u okviru
eksploatacije osnovne mineralne sirovine.
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Karakteristike tehnoloSkog procesa
prerade mineralnie sirovine kao tehnicki
faktor - Tehnoloski procesi 1 postupci imaju
znaCajnu  ulogu u procesu dobijanja
koncentrata i metala iz tako proizvedenih
koncentrata.

Kwvaliteti koncentrata, odnosno proi-
zvoda dobijenih u procesu pripreme (kon-
centracije) moraju da zadovolje odredene
standarde, ali u isto vreme troskovi pripreme
i primarne prerade ne smeju prec¢i odredene,
ekonomski opravdane granice.

Najveéi deo mineralnih sirovina izlaze se
postupcima koji imaju za cilj poboljSanje
kvaliteta i koncentraciju korisnih komponenti
u mineralnoj sirovini, kao i njeno dovodenje u
stanje koje odgovara trziSnim uslovima ili
zahtevima dalje prerade. U procesu pripreme
primenjuju se razliCite metode odnosno
postupci koncentracije korisnih komponenti
(ili smanjenje udela Stetnih i nepozeljnih
komponenti) koji se zasnivaju na razlikama u
mineralnom i hemijskom sastavu, kao i u
fizickim osobinama korisnih minerala i
minerala jalovine.

U savremenim uslovima, tehnika i
tehnologija pripremanja (koncentracije)
omoguéavaju da se uspeSno Kkoriste
mineralne sirovine sa relativno niskim
sadrzajem komponente i
kompleksnim sastavom.

Od veliCine iskoris¢enja zavisi koli¢ina
mineralne  sirovine  odnosno  korisne
komponente koja ¢e u postupku pripremanja
(koncentracije)  biti  iskoriS¢ena.  Od
iskoris¢enja u velikoj meri zavisi veliCina
rezervi koje se mogu prakticno iskoristiti.
Zbog toga se kao imperativ namece potreba,
optimalizacija iskoriS¢enja u  postupku
pripreme jer je to znacajan faktor racionalnog
1 efikasnog iskoriS¢enja mineralnih sirovina i
povecanja ekonomske uspesnosti.

korisne

Karakteristike tehnoloSkog procesa
prerade koncentrata kao tehnicki faktor -
Metalurskom preradom se razli¢itim
procesima izdvajaju korisne komponente
(metali i legure) iz prispelog koncentrata.
Metalurskim nacinom prerade metali i
legure dobijaju odgovarajuéi oblik i
postizu potrebna svojstva za njihovo §to
racionalnije koriS¢enje.

Efekti metalurske prerade mogu se po-
smatrati preko: troskova prerade, iskori-
$¢enja metala odnosno korisne komponente,
veli¢éine kapaciteta 1 pokazatelja kom-
pleksnog iskoris¢enja mineralne sirovina.
Stepen ekonomske uspesnosti je uslovijen
ovim efektima.

U metalurSskim pogonima se preu-
zimaju na preradu, uz naknadu, kon-
centrati proizvodaca. Troskovi metalurske
prerade zavise od kvaliteta isporucenog
koncentrata (opsti
medusobnim ugovorima koji sadrze odre-
dene klauzule).

U odnosu na iskoriS¢enje metala
odnosno korisnih komponenti u fazi
metalurske prerade, karaktreristicno je da su
gubici znatno manji nego u fazi otkopavanja
i pripreme (koncentracije) i iznose nekoliko

procenata.

U razvoju savremene metalurgije zapaza
se tendencija permanentnih povecanja
kapaciteta metalurskih postrojenja, §to se po-
zitivno odrazava na smanjenje troskova proi-
zvodnje po jedinici proizvoda. Isto tako
neprekidno se usavrSava postojeca tehno-
logija, poboljSavaju postoje¢i i uvode novi
postupci proizvodnje i sve Sire primenjuje
automatizacija za vodenje i kontrolu procesa
proizvodnje. Adekvatnom pripremom se
intenzivira radni proces Sto utiCe na porast
produktivnosti rada. Novi tehnoloski postupci
pripreme (koncentracije) i primarne prerade

uslovi uredeni su
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mineralnih sirovina utiCu na znacajna pome-
ranja na nize kriterijuma koji danas sluze za
razdvajanje bilansnih od vanbilansnih (uslo-
vno bilansnih) rezervi. Jedan od vaznih zah-
teva koji se postavlja savremenoj metalurskoj
preradi je kompleksno iskoriS¢enje mineralne
sirovine u procesu metalurske prerade kao i
§to  potpunije  iskoriS¢avanje  razli¢itih
meduprodukata koji nastaju pri preradi
koncentrata. Ispunjenje ovog zahteva vodi
povecanju ekonomske uspesnosti.

Obim proizvodnje uslovljen kapa-citetom
rudnika kao tehnicki faktor - Kapacitet je
znacajan  objektivni  faktor. Izmedu
troskova proizvodnje mineralnih sirovina i
veli¢ine proizvodnih kapaciteta postoji
najuza povezanost.

Kod izbora kapaciteta znacajno je utvrditi
njegovu optimalnu veli¢inu. Optimalni
kapacitet rudnika je onaj koji obezbeduje
najnize troskove po jedinici proizvoda i
najpovoljniju stopu renta-bilnosti
(utvrduje se u okviru geolosko -
ekonomske ocene).

Ako se pri izboru kapaciteta rudnika vodilo
racuna o obezbedenju najnizih troskova po
jedinici proizvoda kao 1 opti-malnim
trziSnim 1 drustvenim mogucno-stima, onda
rad sa punim kapacitetom predstavlja
istovremeno 1 rad optimalnog obima
proizvodnje. Ako rudnik (povrSinski kop)
radi sa punim kapacitetom ili radi na nivou
gornje granice konkretne zone obima, utosci
i troskovi, koji nastaju u vezi sa takvom
proizvodnjom, objektivno su uslovljeni. Cim
obim padne ispod punog kapaciteta ili se
poveca preko, odnosno padne ispod gornje
granice konkretne zone obima, promenice se
utroSci 1 troskovi, ali ta promena ima
organizacioni (subjektivni) karakter.

Ako promene  kapaciteta  rudnika
(povrsinskog kopa) proizilaze iz promene
tehnickih faktora onda ¢e te promene
imati za posledicu, promenu proizvodne
snage rada, a preko nje promenu obima
proizvodnje i promenu produktivnosti.

Promene objektivnih tehnickih faktora
kao rezultat naucnog i tehnickog progresa
ispoljavaju se osim na promene strukture
radne snage i njeno troSenje i na strukturu
utroSaka sredstava za rad odnosno troSenje
ovog elementa proizvodnje. U dinamici
proizvodnje menjace se i ekonomicnost kao
pokazatelj ekonomske uspeSnosti. Sa
izmenom tehnickih faktora izmenice se
visina angazovanih sredstava i niza drugih
faktora $to dovodi do promene rentabilnosti.

Obim  proizvodnje usloviljen kapa-
citetom postrojenja za pripremu mineralnih
sirovina kao tehnicki faktor — Kapacitet
postrojenja za pripremu mineralnih sirovina
uslovljen je samim postupkom koncentracije
u zavisnosti od vrste mineralnih sirovina.
Veli¢ina kapaciteta pored uticaja drugih
faktora uslovljava i troskove pripreme
mineralnih sirovina.

U cilju obezbedenja nizih troSkova
pripreme znacajna je lokacija kapaciteta
flotacijskih postrojenja u blizini rudnika
kao 1 obezbedenje potrebne energije i
gradevinskog materijala iz najblize okoline.

Uspostavljanje optimalnog kapaciteta
podrazumeva najnize troskove po 1 [t]
pripremane rude.

Optimalizacija proizvodnih kapaciteta
flotacijskih pogona uslovljava 1 opti-
malizaciju iskoriS¢enja u postupku koncen-
tracije kao znacajnog tehnickog faktora isko-
riS¢enja mineralne sirovine i1 povecanja
ekonomske uspesnosti.
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Obim  proizvodnje uslovljen kapa-
citetom postrojenja za metalursku preradu
kao tehnicki faktor - U razvoju savremene
metalurgije izrazena je tendencija ka
povecanju kapaciteta kako bi se snizili
troSkovi proizvodnje (metalurSke prerade)
po jedinici proizvoda. Troskovi metalurske
prerade zavise od kvaliteta koncentrata koji
se preraduje. Osim usavrSavanja postojece
tehnologije i uvodenja novih postupaka,
primene automatizacije, posebni napori su
usmereni na obezbedenje boljih radnih
uslova i zastite radne sredine.

Savremena metalurSka prerada namece
kao zahtev S§to potpunije iskoriS¢avanje
razliCitih meduprodukata koji nastaju pri
preradi koncentrata (nalaze primenu u grade-
vinskoj ili hemijskoj industriji). Kompleksno
iskoriS¢avanje mineralnih sirovina pri meta-
lurskoj preradi obuhvata i koriS¢enje topio-
niCarskih gasova. Ukupni efekti se odra-
Zavaju na povecanje ekonomske uspesnosti.

Optimalni kapacitet metalurSke prerade
¢e se posti¢i na nivou, gde se najveca
koli¢ina metala dobija uz najmanje
utro$enih sredstava po jedinici proizvoda.
Izbor optimalnog kapaciteta uslovljen je
raznim Ciniocima uglavnom internim
faktorima koji ga uslovljavaju (kvalitet
isporucenog koncentrata, obim, vrsta,
struktura i stanje sredstava - nivo tehnicke
opremljenosti, nivo organizacije, struktura
radne snage na razli¢itim poslovima i dr.).
Izabran u postoje¢im uslovima ovaj
kapacitet metalurSkog pogona deluje kao
objektivni tehnicki faktor.

ZAKLJUCAK

Teorijska istrazivanja u ovom radu
ukazuju na specifi¢nosti rudnika kao kao
preduzeca, sagledavajuci uticaj prirodnih,
drustvenih i tehnic¢kih faktora na ekonom-

Imajuéi u vidu da su mineralne sirovine
neobnovljivi resursi, Sto se usled njihovog
ograni¢enog oblima nameée 1 potreba
visokog iskoris¢enja lezista pod ekon-
omskim prihvatljivim uslovima, $to zahteva
izbor savremenih metoda 1 visoko-
produktivnu tehnologiju rada, sa visokim
stepenom mehanizacije, kao i mogucnost
ostvarenja vecih tehnoloskih iskori§éenja u
flotaciji i metalurskoj preradi.

Prirodni faktori se javljaju kao speci-
ficna dejstva ¢iji se uticaj ne moze men-
jati, ali se moze racionalnim ponasanjem u
koris¢enju prirodnih uslova obezbediti
njihovo ocuvanje.

Uticaj tehnickih i druStvenih faktora
moze se menjati, ali ne u toku procesa
reprodukcije niti organizacionim naporima
zaposlenih. Razli¢itim merama u pravcu
povecanja proizvodne snage rada, investi-
cionim ulaganjem u nove tehnicke faktore
kao 1 ops$tim promenama u privrednom i
druStvenom okruZenju moze se uticati na
poveéanje ekonomske uspesnosti.

Spoznaja dejstva objektivnih faktora u
ukupna ulaganja u konkretnoj ekonomiji
znacajno,neophodno je kako bi se na naje-
fikasniji na¢in njima upravljalo u vremenu
i tako uticalo na ekonomsku uspes$nost
rudarskih preduzeéa.
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INTRODUCTION

The mines are such economic organi-
zations of extractive industry, where the
extraction of mineral resources is per-
formed with the aim to make fully satis-
faction of social needs for further process-
ing and consumption by their preparation
and market realization.

The specific operation of the mine as
the meso economic system originates from
a role that one type of raw materials can
be exploited in the process of social re-
production, which are given by nature and
which can be mined until the raw materi-
als are present in the deposit. Mineral
wealth is not regenerated, once excavated
ore cannot be compensated but new re-
searches may provide the new deposits for
mining. As the mineral wealth is of gen-
eral interest then the excavation shall in
particular ensure that the ore bodies with
lower metal content must not be left unex-
cavated, on the contrary, their exploitation
has to be combined with the exploitation
of ore bodies with richer content. The
montan geological characteristics of ore
deposits and their characteristics in terms
of quantity of ore, ore-quality content in
the metal mining and spatial orientation
are defined by nature and thus the human
influence is negligible.

The influence of natural conditions is
important in the operation of mining com-
panies where deposit of mineral resources
is the starting point of mining production.
The effect of time factor is significant in
the effects where the operating results are
conditioned by the time of research and
mine construction.

The achievement level of economic
success (as the ratio of results and invest-
ments) of mining companies, in addition
to the economic laws of reproduction
process, is affected by various factors of
different intensity of activities and differ-
ent qualities, which are grouped into ob-
jective and subjective factors.

OBJECTIVELY CONDITIONED
FACTORS

Objectively conditioned factors in the
mines whose influence cannot be changed
in the given reproduction cycle comes
from the environment being exploited
(natural conditions raw material deposit)
and technical conditions in which the pro-
duction takes place (technical equipment
of operation, the use of mining method,
investments in the capacity, etc.) or their
influence is manifested as the effect of
environment (social factors). As their ef-
fect on the economic success in mines is
different, they are: natural, technical and
social factors.

Natural factorsin mines

The Dbasis of mining production
includes the mineral deposits, where some
minerals are mined by investment the
living human labor and with help of
working assets, suitable to meet the specific
needs. Deposits of mineral raw materials
are given by nature and placed at different
locations. In the study on the factors of
mining production, the mineral deposits
have a specific influence with the
conditioned differences by natural factors
such as:

- quality, i.e. richness of mineral

resources with useful components,

- content of impurities

- deposit position to the surface, i.e. the
operating conditions

- structural-textural properties
- montan geological conditions
- traffic conditions

- proximity to the markets
permanence of consumption.

and

There are different effects in productions
due to the effects of natural factors, even
though the same means and same amount of
work are invested. The difference in
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production is determined by the quality and
quantity of useful components and location
of areas where the site is located.

As an influential natural factors whose
effect is expressed as the influence of
natural conditions that influence on the
process of reproduction and economic
success can be seen: metallogenic factors,
geological factors and regional (economic
and geographic) factors.

Metallogenic factors - make it possi-
ble that based on the identified control
factors of creation and deployment of ore
deposits (genetic type, extent, ore quality),
the potentiality of some metallogenetic
unit in respect of certain minerals can be
evaluated.

Geological factors - are mostly of
natural character. Among the most impor-
tant are: a) economic ore type, b) type of
economic deposits, v)scale, g) morpho-
logical characteristics of the ore bodies
and deposits, and d) conditions relating to
the spatial position of deposit.

Regional (geographical) factors -
these factors are manifested depending on
the location of mineral deposits in relation
to the consumer and market as well as on
the costs of supplying the energy, water,
labor, various construction materials, and
materials and others.

Based on the specific natural indica-
tors, using appropriate economic criteria
and methods, some value indicators are
identified which, with natural factors or in
combination with them in the typical
methodology of economic (value) assess-
ment, provide a complex overview of de-
posit in relation to its overall wider social
significance.

Social factors

As the influential social factors, whose
effect is seen as the objective given (exist-
ing social institutions and social values),

the followings are noted: conquest of the
area where the deposit is located as well
as the market factors.

Conquest of the area — in terms of
level of development so that relatively
small investments provide the optimum
economic results. So it is important for the
mines that area is provided with reserves
of different raw materials for production
the construction material as well as the
existence of some already built industrial
buildings associated with the mines. The
economy of mining companies is strongly
influenced by the social economy as it is
itself part of that system. Hence, higher or
lower levels of national economic devel-
opment influence on investment in the
company.

One of the major social factors that in-
fluence on investment and create the ulti-
mate business results are the market con-
ditions, that is supply of elements of pro-
duction and sales of finished products.

The market for mineral raw materials
has many features specifically in relation
to the market of other industrial products.
First of all, the most favorable conditions
of realization are at the places where the
place of exploitation (deposit-mine) and
market (consumer) are matched. This is
the case for the coal deposits near to the
power plants. High raw material produc-
tion capacities must be long-term oriented
to the large (stable) markets.

In countries with free market econ-
omy, the placement of new quantities of
mineral raw materials is determined by
supply and demand situation and the de-
velopment of industrial and other sectors
that use a given mineral raw materials,
and profit that can be achieved by pur-
chase (sale).

Stock prices of metals are often lower
than those which would be established on
the basis of the relationship between sup-
ply and demand under the influence of
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powerful corporations from developed
countries that cause the artificial offer of
metals.

Technical factorsin the mines

Technical factors are highly significant
for the realization of economic success
(quality of the economy) in the mines and
plants for flotation and metallurgical proc-
essing. They are reflected in: the applied
methods of exploitation of mineral depos-
its, characteristics of technological process
of processing the ore and concentrates,
technical equipment, means of work, qual-
ity of raw material — ore, product quality —
concentrate, i. e. metals in the produced
concentrate.

Analyzing the technical factors (techni-
cal — exploitation factors), even before the
mine starts to work, it can be determined
whether it is technically possible and eco-
nomically feasible to mine the certain de-
posit with an optimum combination of
economy of mineral raw materials and
economy of financial resources. The follow-
ing should be determined to this aim:

- operating costs, and the influence of
mining method (system) selection and
size of production capacity on the size
and cost structure,

- ensuring the optimum rationality of
recovery the mineral resources in
mining, with special reference to the
loss and dilution of useful
components in the deposit

Exploitation costs are one of the most
complete technical and economic indica-
tors. Their size depends on general condi-
tions in which the deposit is placed and, in
accordance with these conditions, on the
chosen method (system) of excavation and
size of production capacity. With operat-
ing costs at the mines it is important to

determine the magnitude of fixed and pro-
portional costs in the structure of total
costs and the effect of capacity utilization
degree on their behavior.

As the mineral wealth is of general in-
terest and it is not regenerated, it must be
exploited rationally. This means that
achieving the optimum technological pa-
rameters at all stages have to be strived:

- exploitation (ore mining)

- mineral processing (flotation,
separations, etc.), and
- high concentration of mineral

resources (in metallurgy for metallic
mineral resources).

Methods of ore exploitation as a
technical factor - The applied mining
method, selected depending on the general
conditions in which the deposit is located,
its characteristics and size of production
capacity are important technical factors
that have influence on exploitation costs.
There are three ways of mining deposits of
solid mineral resources: surface, under-
ground and underwater.

One of the requirements, imposed by
modern mining production, is the re-
quirement for complex utilization the sec-
ondary components of mineral deposits.
This is especially important when these
materials can be profitably extracted and
processed as the secondary products under
the exploitation of primary raw materials.

Characteristics of technological proc-
essing the mineral raw material as a
technical factor - Technological processes
and procedures play a significant role in
the production of concentrates and metals.

Quality of the concentrate and the
products obtained in the preparation (con-
centration) must meet the certain stan-
dards, but at the same time costs of prepa-
ration and primary processing must not
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exceed the certain, economically viable
limits.

Most of the mineral raw materials are
exposed to procedures aimed at improving
the quality and concentration of useful
components in the mineral raw material,
and bringing it to a state that corresponds
to market conditions or requirements for
further processing. In the process of
preparation, the different methods or pro-
cedures for concentrations of useful com-
ponents (or reducing the harmful and un-
desirable components) are applied on the
bases of differences in the mineral and
chemical composition and physical char-
acteristics of useful minerals and gangue.

In the modern conditions, preparation
techniques and technologies (concentra-
tion) allow the successful use of mineral
raw materials with a relatively low content
of useful components and complex com-
position.

Quantity of mineral raw materials or
useful components that will be used in
preparation (concentration) depends on
the amount of utilization. The size of re-
serves that can be practically used de-
pends largely on utilization. Therefore,
there is a need as an imperative for opti-
mum utilization in preparation because it
is a significant factor in the rational and
efficient utilization of mineral raw materi-
als and increase the economic success.

Characteristics of technological
process of concentrate processing as a
technical factor - Metallurgical process-
ing and different processes give the useful
components (metals and alloys) from con-
centrate. Metallurgical method of process-
ing the metals and alloys receive the ap-
propriate form and attain the required
properties for their rational use.

Effects of metallurgical processing can
be seen through: the cost of processing,
utilization and useful metal components,
capacity size and indicators of complex
utilization the mineral raw materials. The
degree of economic success is conditioned
by these effects.

Concentrates of producer are taken
over in the metallurgical plants, under
compensation, for treatment. Metallurgical
treatment costs depend on the quality of
supplied concentrate (general conditions
are governed by the mutual agreements
containing the certain clauses).

In relation to the use of metal or useful
components in the metallurgical treatment
stage, it is characteristic that the losses are
much lower than in the stage of excava-
tion and preparation (concentration) and
amount to several percents.

In development of modern metallurgy,
there is a tendency to increase the perma-
nent capacity of metallurgical plant, which
has a positive impact on reduction the
production costs per unit. Also, the exist-
ing technology constantly improves and
introduces new production processes and
autoimmunization is more widely applied
to manage and control the manufacturing
process. The work process is intensive by
adequate preparation, which affects the
growth of work productivity. New techno-
logical methods of preparation (concentra-
tion) and primary processing of mineral
raw materials affect the significant shifts
to lower the criteria now used for the
separation of off-balance sheet (balance
suspended) reserves. One of the important
requirements that are set to the modern
metallurgical treatment is complex utiliza-
tion of mineral raw material in the metal-
lurgical treatment process as well as more
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complete utilization the various interme-
diates that arise during concentrate proc-
essing. The fulfillment of this requirement
leads to greater economic success.

Production volume conditioned by the
mine capacity as a technical factor - Ca-
pacity is an important objective factor.
Between the costs of production the min-
eral raw materials and size of production
capacity is the narrowest link.

In selection the capacity, it is impor-
tant to determine its optimum size. Opti-
mum capacity of the mine is one that pro-
vides the lowest per-unit cost and the best
rate of return (determined in the geologi-
cal and economic evaluation).

If the selection capacity of the mine
took care of providing the lowest costs per
unit and optimum market and social op-
portunities, then operation with full capac-
ity is the operation of optimum produc-
tion. If the mine (open pit) is in operation
with full capacity or operating on the up-
per limit of the specific zone volume, the
consumptions and costs incurred in con-
nection with such production objectively
are conditioned. As soon as the volume
drops below the full capacity or increase
over, or fall below the upper limit of the
specific zone volume, consumptions and
costs will change, but this change has the
organizational (subjective) character.

If change the capacity of the mine
(open pit) results from changes in techni-
cal factors, then these changes will result
in change of productive forces, change of
production and productivity
changes.

Changes of objective technical factors
as the result of scientific and technical
progress are expressed in addition to

volume

change the structure of workforce also to
the structure of consumption of means of
production. In production dynamics, also,
the economy will be changes as an indica-
tor of economic success. With the change
of technical factors, amount of assets em-
ployed and many other factors will change,
what leads to a change in profitability.

Production volume conditioned by the
plant capacity for preparation the min-
eral raw materials as a technical factor —
Capacity of the plant for preparation the
mineral raw materials is conditioned by
the process of concentration depending on
the type of mineral raw materials. Capac-
ity size, in addition to the influence of
other factors, causes the costs of prepara-
tion of mineral raw materials.

In order to ensure lower cost of prepa-
ration, location of flotation plant near the
mine is important as well as providing the
necessary energy and construction materi-
als from the nearest environment.

Establishing optimum capacity means
the lowest cost per (t) of prepared ore.

Optimization of production capacity in
the flotation plant causes optimum utiliza-
tion in the process of concentration as the
important technical factors of utilization
the mineral raw materials and increase of
€conomic success.

Production volume caused by capac-
ity of metallurgical treatment plant as a
technical factor - In development of mod-
ern metallurgy there is a tendency to in-
crease capacity in order to reduce produc-
tion costs (metallurgical treatment per
unit. Metallurgical treatment costs depend
on the quality of processed concentrate.
Besides the improvement of existing tech-
nology and introducing the new proce-
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dures and application of automation, the
special efforts are focused on providing
better working conditions and working
environment protection.

Modern metallurgical treatment im-
poses a requirement for better utilization
the various intermediates that arise during
concentrate treatment (found application
in the construction and chemical industry).
The complex utilization of mineral raw
materials in metallurgical treatment in-
cludes the use of metallurgical gases. The
overall effects are reflected in the eco-
nomic success increase.

Optimum metallurgical treatment ca-
pacity will be achieved at the level where
the greatest amount of metal, obtained
with the least resources, is consumed per
unit of product. The choice of optimum
capacity is determined by various factors,
mainly internal factors (quality of the sup-
plied concentrate, volume, type, structure
and condition-level of technical resources,
level of organization, structure of work
force in various jobs, etc.). This capacity
of the metallurgical plant, selected in the
existing conditions, acts as an objective
technical factor.

CONCLUSION

Theoretical researches in this paper in-
dicate the specificity of mine as a com-
pany, considering the impact of natural,
social and technical factors on the eco-
nomic success of mining companies.

Having in mind that mineral resources
are non-renewable resources, due to their
limited volume, there is a need for high
utilization of deposits under the acceptable
economic conditions, which require selec-
tion of modern methods and high produc-
tive work technology, with high degree of
mechanization, and the possibility of major

technological efficiency in flotation and
metallurgical treatment.

Natural factors appear as a specific ef-
fect whose influence cannot be changed,
but it can ensure their preservation by ra-
tional behavior in the use of natural condi-
tions.

The influence of technical and social
factors can be changed, but not during the
reproduction process or by organizational
efforts of the employees. Various measures
in order to increase the productive forces of
labor, investments in new technical factors
as well as general changes in economic and
social environment can affect the increase
in economic performance.

It is necessary to learn the effects of
objective factors in the mining production
whose effect on total investment in par-
ticular economic is important, in order to
manage them by the most effective way,
and thus affect the economic success of
mining companies.
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