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ABSTRACT

Using of explosives in modern mining is very importamttfee good, efficient and rational organization
for obtaining of solid minerals, especially in the explaitatof mineral resources on mines with large
capacities. Technological phases of drilling and blastinpénexploitation process are very important
in this case, and the analysis in this paper, because spewifiing environment and technical

construction-limestone, where performance and capaditedurther technological stages largely
depends on the granularity of blasted materials (capaaditiebulldozers, capacities of loaders-
excavators, capacities of trucks and equipment for starshiag and grinding). Objective of this paper
is to get the best drilling and blasting parameters with réiffecombinations of explosives, to get an
optimum combination that will be continusly used.
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INTRODUCTION

In the modern mining industry, for the proper effit and rational organization of obtaining solid
minerals, using of explosives is essential, eglgdn the exploitation of mineral resources ingke-
scale mining with large capacities. Drilling-blagfioperations are one of the most influential ficto
on the cost of mineral resources exploitation beeawsing of explosives in the process of obtaining
minerals create the conditions for the applicatibother modern mining techniques.

Technological phases of drilling and blasting iis fhrocess of exploitation are very important iis th
case and the analysis in this paper, because isp&ocifking environment and technical construction
limestone, where performance and capacity for &rrtlechnological stages largely depend on the
particle size of blasted materials (capacities wifdozers, loading units, trucks and equipment for
crushing and grindind\].

Analysis of physical, mechanical and technical abgristics of the rock that makes the working
environment at quarry "Dobrnja" in Banja Luka, defil the way selection and definition drilling and
blasting parameters and the choice sets for dyillind explosives.

According to well-established and accepted methofishoice and calculation drilling-blasting
parameters, the paper elaborated different typaal{mations) of explosives and their impact on othe
parameters (geometry of drilling, distance betwbkastholes, construction of blastholes, etc.). The
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results of such development and variant of resghigsues of choice explosives, agreed with the
concrete conditions of the working environment dtioshow a great impact specific working
conditions and the use of certain types of exp&ssiwnot only on the effectiveness of the execution
drilling and blasting works in technical terms, kaiso in economic terms, where can significantly
affect the organization and costs of conductingehichnological exploitation phase in mines and
quarries.

DEPOSIT DESCRIPTION

Bearing technical construction stone-limestone 'D{@y in Banja Luka is located on the northern
slopes of the mountain Marg Surface prospecting affected exploration adwits approximately
30 ha. Height difference on the tray of 490 m.ate.650 m.a.s.l. In geological terms this parthef
field is built entirely of Cretaceous limestone sibution of the limestone massif is much broader
than the study sites, so this slot is part of Lo®egtaceous limestone formations that are present o

the surface of a few square kilometgtks

ENGINEERING- GORLOGICAL CHARACTERISTICS OF DEPOSIT

Mineral resources presented limestone which odeuitse form of layers and banks. In pripovrSinski
parts is cracked and cracks have different origmtatand sizes, from microcracks to centimeteryThe
were filled with clay with small limestone debrigrely calcite, and surface zone beneath the tbpsoi
and red soil. With the depth of the cracked redwrsdithe rock becomes more compact. Are mapped
and caverns that are empty somewhere, and somepaeialy filled with clay mixed with limestone
inwards. Also, have been karstifikaciona recestlesl fwith this material. All these characteristiok

the working environment are reflected in the opegatonditions and the stability and digs [2].

By engineering-geological classification, depositrépresented with two types of rocks and rock
masses:

1. solid rock and rock mass (limestone)
2. unbound rocks (eluvium, diluvium, prolluvium and umal).

The study of physical and mechanical propertidsygstone from research hole and exploratory sink,
the following parameters were obtained by the waglénvironment:

e ompressive strength in the dry State ... 127,5 MPa
e compressive strength in water CONAItioN .....cceeeeerieiiiiiiii e 96,9 MPa
e compressive strength after freezing ........cceeeecvveiiiic e 103,6 MPa

E I 1o {0 1= 2SS 1-3.4 %
LYV (=T = 1o 1T 1 11 (0] o APPSR 0,27 %
L 1= 1 TS1 V2T 2,67 gr/cn

SPECIAL PART

On the production and technical results of minimiiuence: the structure and Rock fractures, blgstin
technical features rock characteristics of usedosxges, way of activating the mine field, etc.

Specification mining depend on the selected loadind transport equipment, and equipment at the
plant for crushing and grading of technical-buitgistone and concrete conditions "Dobrnja" they are:

Granulation: up to 600 mm with a maximum of 10%rsize granules 800 mm,

Safety: harmonize mining in terms of safety on whastpieces [1].
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DEFINING THE WORKING ENVIRONMENT ON QUARRY "DOBRNJ"
The physical characteristicsof rocks are:

a) structure (physical and morphological appearandh®fvay of the rock mass, ie shape, size and
arrangement of the individual particles of whichd®mahe rock itself) and limestone Dobrnja
belong to medium jointed rock masses.

Limestone on "Dobrnja" falls into the third categdy number of fissures. Figure 1. shown is an open
profile with rocks "Dobrnja".

Figure 1 Limeston from quarry Dobrnja

b) specific and bulk density (specific gravity diffeeight per unit volume of a fully compacted
material and volumetric weight-weight of the rockase with pores per unit volume)

For Iignestone on quarry "Dobrnja", the specific greiof 26.9 kN/m and volumetric weight of 26.2
KN/m?®.

c) porosity (ratio of volume of pores in the rockilie total volume of the rock mass, expressed as a
percentage, %).

For limestone on quarry "Dobrnja" it was establgperosity in the amount of 0.26% [2].

MECHANICAL PROPERTIES OF WORK ENVIRONMENT

The mechanical properties of rocks include:

a) hardness (resistance to a rock by the penetratibnamother, harder body in it)
Depending on the method for setting distinguistesavtypes of hardness. Hardness is determined
and is expressed in Shore units Hs of 1-100.
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b) Strength (feature rock that resists destructioreuatige influence of some external pressure force,
tensile force, bending forces or twisting forces)

For limestone on "Dobrnja" were determined by thiving strength:

« Compressive strength in the dry state: 127.50 (MPa)
* Resistance to pressure in a water-saturated S&80 (MPa)
e Compressive strength after freezing: 103.60 (MBR) [

TEHNICAL CHARACTERISTISC OF WORK ENVIRONMENT

a) volume modul (expressed as the coefficient of flitgh which shows the relationship of the
volume of the rock mass in the massif and the &dasick mass)

For limestone on quarry "Dobrnja" determined caédfnt friability in the amount of 1.45.

b) driling resistance (resistance to penetration umsent for drilling depends on the strength,
hardness and toughness)

We distinguish between passive and active buSiResisive busSivost expresses speed drilling unit of
time. Active (abrasiveness) expresses the degregeaf of organ-blades per meter length of the
borehole [3], Table 1.

Table 1 Classification of rock on the basis of abrasisene

Class Abrasiveness, .
; Name : Typical rocks
abrasiveness mgr/min
Vverv little Limestone, marble, soft
| ylit until 5 sulfides without quartz,
abrasive .
apatite, rock salt

¢) crushing resistance (properties of rocks to resisthing in frequent dynamic stresses)-limestone
belong to medium hard rock with friable coefficién?> k> 0.5

d) acoustic characteristics (mean velocity of propagabf longitudinal and transverse waves
through the rock massif)

On the basis of the acoustic properties used floulzdion of acoustic impedance of the rock mass,
which is of great importance to the selection oplesives, because on the basis of acoustic
impedances of explosives and rock mass selectesxps to be used in the process of mining [3].

DRILLING

According to the conditions sized pieces enterimg treatment plant get drilling diameter d = 160
mm. Applying this diameter drilling may occur largmounts negabaritnih pieces, which would create
additional costs to fragmentation of raw materidle®. avoid the possibility of large quantities
negabaritnih pieces on "Dobrnja" will be used nfo=quently used in quarries drilling diameters 6f 8
or 105 mm
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During the execution of drilling-blasting workstime real conditions on the ground, it will comehe
optimal parameters of drilling and blasting. In #edection of drilling equipment, make sure that th
drill has the ability to drill inclined boreholesné wells of different diameters, which allow the
determination of the optimal diameter drilling.

BLASTING

During the execution of drilling-blasting workstime real conditions on the ground, it will comehe
optimal parameters of drilling and blasting. In gedection of drilling equipment, make sure that th
drill has the ability to drill inclined boreholesé wells of different diameters, which allow the
determination of the optimal diameter drilling [4].

Deter mination of blasting

Selection of explosives for blasting is one of thesic and most important tasks in the design of
blasting explosives as applied as a carrier of@ner the main means of blasting and it depends on
the success of mining [5].

During the design process of mining selection efltlest types of explosives are made on the basis of
physical and mechanical characteristics of the wemkironment that are expressed through the
seismic characteristics and properties of explasil@pending on the seismic characteristics (spéed
propagation of longitudinal waves through the ras&ssif) and specific volumetric weight of the
working environment we calculate the acoustic ingpex# of the rock mass [6]:

Zs=\, Ly,

v, — speed of propagation of longitudinal waves tgtothe rock massif (3800-4500 m/s)
y— rocks density kg/din(for limestone 2,67 kg/di

Acoustic impedance of limestone is 10000—-12000 stky.

Acoustic impedance Ze explosives count as a prodfialensity explosive® and velocity of
detonation of explosives D:

Ze=D[D

Physico-mechanical properties of rocks are the gmyminfluence for the selection of types of
explosives and specific consumption of explosiEsergy utilization of explosives for a particular
work environment depends on the relationship oliatto impedance rock and acoustic impedance of
explosives and the largest amount of energy is faectushing if the ratio is equal to one.

However, in practice it is difficult to achieve &lationship Zs = Ze and the cause that the

heterogeneity of the working environment and expés and moreover cracks and fissures have a
very big role in the absolute value of the speegdropagation of longitudinal waves through the rock

massif. Because of all this we can say that betwleeracoustic impedance of explosives and rocks
there dependence and the calculation we have ¢onédk account the reflection coefficient k = 0.3-0

3].

In this paper, the calculation is done on the bakibie working environment on the one hand and of
the emulsion, powder and AN-FO explosives with pgteane, Table 2 and table 3. To not mean that
in future work the quarry can not use other typeg)plosives that have similar mining-technical
characteristics, and it will all depend on the rseefithe company that made the exploitation of that
capacity, the current market price of explosivemas, etc [1].
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Table 2 Technical characteristcs of used explosives

Characteristics Emulsion AN-FO AMONEX 1
Dencity, kg/dni 1,15 0,925 1,05
Gases volume, dffkg 847 1045 975
Energy of exsplozije, kJ/kg 3851 3872 4228
Temp. of explosion, kJ/kg - - 2740
Speed of detonation, m/s 4500 2500 4100
Oxygen balance, % - 0 +0,13

Table 3 Acoustic impedance of limestone, explosives lagid tatio

Acoustic Max. Acoustic Relation
Speed of Denci impedance imoed f b

Eksplosive | detonation encity, of Impedace o _ between

kg/dn? . limestone, impedances
m/s ezplosives, mka/sdm Lo
mkg/sdn‘“i g rock lexp
Emulsion 4500 1,15 5175 10000-12000 0,86 -1,,03

AN-FO 2500 0,925 2313 10000-12000 | (419,50
AMONEX 1 4100 1.05 4305 10000-12000 | (68 0,82

CALCULATION OF PARAMETERS OF DRILLING AND BLASTING

According to the selection of explosives in a sfieavork environment can be further define the
parameters of drilling and blasting. In this pafter case of variants with different drilling diareest
and different combinations of explosives as a prjnand ancillary charges, Table 4. Based on the
results and analysis of them, we can determineoftiienal combination of explosives and then the
geometry of boreholes and mine fields, and thetcoction of an explosive charge in a borehole [7].

At the beginning of the quarry is optimally appligdlling diameter of 105 mm and a combination of
powdered explosives as the main charge and AN-FpMsixes as an extra charge.

If in the course of the quarry this variant doe$ stwow satisfactory results, it is suggested to use
another diameter drilling and other combinations)gslosives, which is discussed in this paper.

During the operation of the quarry to evaluate siability and other explosives and diameter
drilling, in order to find potentially better andchno-economic parameters, cost-effective driléing
blasting[8].
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Table 4 Racapitulation od blasting parameters

Meas Mineholes with _diameter 89 mm,| Mineholes with (_jiameter 105 mm,
' bench height 20,0 m bench height 20,0 m
Primary AN-FO Powder expl. AN-FO Powder expl.
charges
Secondary emulsion AN - FO emulsion AN-FO
charges
W m 3,C 3,5 3,6 4.C
a m 3,0 3,5 3,6 4,0
b m 3,0 3,5 3,6 4.0
m 1,0 1,0 1,0 1,0
L minehol m 21,18 22,33 22,36 22,48
L pitting m 0,8 1,0t 1,0¢ 1,2
L primary ch m 17,5 3,37 18,0 4.0
L secondary m 0,68 15,46 0,76 14,48
L piug m 3,0 3,5 3,6 4.0
Qopr.cr kg 100,6¢ 17,84 144, 26,62
Qsec. o kg 4,0 89,0 4,0 115,84
Qrota kg 104,65 106,84 148,1 142.46
deceleration ms 20,0 20,0 20,0 20,0
amount m 180,0 245,0 259,0 320,0
q kg/n? 0,581 0,436 0,572 0,446
capaties rm 8,11 10,97 11,58 14,23
CONCLUSION

From the results of the analysis done in this paper possible to make the following conclusions:

Work environment, or rock material prior to thelldrg and blasting is crucial in defining the
parameters by which to carry out works of this textbgical phase which is very important in terms of
technical and economic indicators.

Physical, mechanical and technical properties oksaised as input data and are directly associated
with the choice of drilling and blasting parameters

Influence the effects of mining in the operationegfuipment and machinery in other technological
exploitation phase-loading, transport and prepamafcrushing and grading) is great because on the
basis of work and production characteristics of duygiipment dimensioned drilling and blasting
parameters and performance of drilling and blaspiagers should be a maximum of customized
operational parameters loading and transport ecqeripaind facilities for the preparation.

Through the analysis of the specific consumptiop>gflosives and geometry minefield is evident that
the use of larger diameter drilling in blasting dead to favorable effects of drilling-blasting wer

The paper was selected computationally most faleratmbination of explosives in charge, with the
definition and other drilling-blasting parametddawever, the current mining practice shows that it
possible that in the future work of a mine or guarhange occurs given solutions, all in accordance
with thespecificoperating conditionghe results ofvhichwill achieve thalrilling and blastingor as a
resultof some technologicahanges.
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