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Abstract: This paper presents a methodology for determination of the two-
parameter dependence on construction costs of horizontal mining facilities in the
lead-zinc ore. Construction costs are shown as a function of the profile area on
facilities and the degree of jointed on the rock, presented by the change in their
uniaxial compressive strength.
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Apstrakt: U ovom radu dat je nacin odredivanja dvoparametarske zavisnosti
troskova izrade horizontalnih rudarskih prostorija u rudi olova i cinka. Troskovi
izrade su prikazani kao funkcija povrsine profila prostorije i stepena ispucalosti
radne sredine-predstavljene preko promene jednoaksijalne pritisne cvrstoce
stenske mase.

Kljuéne reci: profil, leziSte, istrazivanje

1. INTRODUCTION

Horizontal mining facilities, such as pits, crosscutting drifts, longitudinal drifts
etc., can be constructed in surrounding rocks, underburden or usually overburden, also
in the ore deposit. The route of horizontal mining facilities primarily depends on:
physical and mechanical properties of surrounding rocks and ore deposits, as on the
thickness and way of providing the ore body, the construction costs and the projected
mining method.

It should be noted that within same types of rock exist zones with different
structural characteristics, regardless where mining facilities will be constructed either
in surrounding rocks or ore body. Different properties create a difference in stability of
the rock material. Therefore, is essential for any rock type to determine its structural
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properties such as: discontinuity plane orientation, the degree of jointed on rock
material, joint and joint family, as and stability of each block, located adjacent to
underground facilities (Brady and Brown 2006).

2. CREATING A MATHEMATICAL MODEL ON HORIZONTAL
MINING FACILITIES CONSTRUCTION IN LEAD- ZINC ORE

As earlier stated, this paper analyze horizontal mining facilities construction in
the lead-zinc ore. Table 1 shows physical and mechanical properties of lead-zinc ore
from the deposit "Sasa" M.Kamenica obtained by laboratory tests including: bulk
density y [MN/m’], uniaxial compressive strength o, [MPa], tensile strength o, [MPa],
cohesion C [MPa], angle of internal friction ¢ [°], Poisson's coefficient v and modul of
elasticity E [MPa].

Table 1 - Physical and mechanical properties of anticipated rocks type
Y C. G C o v E
[MN/m’]| [MPa] | [MPa] | [MPa] °] [MPa]

Lead-zinc ore | 0.0377 142 17.00 28.5 46.5 0.245 69500

Description

In this mathematical model have been created nine variants, so that have been
adopted three sizes of mining facilities profile (Figure 1) and three degrees of jointed
rock type. This is given in Table 3.
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Figure 1 - Adopted size of underground mining facilities profile
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Uniaxial compressive strength of three degrees jointed was calculated by

following formula:
o 0,008
e =" [MPa] (1)
O-C
where are:
Oesm - Uniaxial compressive strength of rock material, [MPa];
O. - uniaxial compressive strength of intact rock, [MPa];

Jr- joints factor.
J
J == )

where are:

J,, - joints number per 1m, [no./m];

n - inclination parameter, depending on the inclination of joints plane by major
effective principal stresses (Table 2);

r - factor of joints, » =tan¢@.

Table 2 - Parameter on joint inclination

Angle on joint
orientations, 8
Parameter on joint
Inclination, n

0 10 20 30 40 50 60 70 80 90

0.82 | 0.46 | 0.11 | 0.05 | 0.09 | 030 | 0.46 | 0.64 | 0.82 | 0.95

Table 3 - Variants of horizontal mining facilities in model

Uniaxial Spacing Number Uniaxial
compres f ioint of joints | Factor | compresive | Anticipated
Rock | strength of otjomnts per Im | of joints | strength of | cross-section | Tag in
type intact rock rock mass model
1 2
o [m] Jn Jf Gem [III ]
[MPa] [no./m] [MPa]
10.10 Al
0.65 1.54 29.22 112 13.73 A2
16.68 A3
Lead-zinc 10.10 Bl
ore 142 0.50 2.00 37.99 105 13.73 B2
16.68 B3
10.10 Cl
0.40 2.50 47.49 97 13.73 C2
16.68 C3

So the degree of jointed rock material and size of mining facilities profile
presents variants in the mathematical model. To obtain data that can be compared,
other influential parameters in the mining construction system is needed to be same in
all mining facilities (Jonesa, 2011).

Construction system includes these fixed parameters:

- Cross-sectional shape of mining facilities - horse - shoe shaped;
- The average depth of same route - 500 m;
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- Work management - related technological cycle will be apply, with precisely
defined of work operations duration;

- Drilling and blasting will be applied as construction method of mining facilities
(Doneva et al. 2013).

3. PARAMETERS OF WORK OPERATIONS

Blast holes diameter is ¢45mm for all variants, except central blank
(9 64 mm). The prismatic cut was also applied, while blasting was performed using
AMONEKS 3 explosive, product by "Trayal" corporation, KruSevac, R.Serbia. In
auxiliary and cuts blast holes cartridges with ¢ 38 mm will be used, while in flaking,
¢ 28 mm. Calculated parameters of drilling and blasting are given in Table 4.

After each blasting, a break of 30 minutes is needed when work area is absolve
from dangerous gases of blasting using local ventilation systems. Ventilation
parameters are given in Table 5

Input parameter of loading and transportation is quantity on the bulk material
produced during one blasting. Average distance LHD machine is 100 m, while on the
mine truck is 800 m. These parameters are given in Table 6.

Shotcrete with a thickness (3 cm) that is determined calculating underground
pressure and resistance of shotcrete and rock arch is used as supporting materials
(Honesa et al. 2008). Supporting parameters are given in Table 7

| Construction of horz ontal mining facilities |

| Influential parameters |

| Creating horizontal mining facilties variants |

| Oretype |

| Lead-zinc ore |

Wariants depending on degrees of jointed

I

Profile size of facility

| 166017 |
I

Final variants of mining facilities in the madel

FET T T T

Total costs of 1 m' constructed for all model v ariants

| Functional dependence T =1 (oc, 5) |

| 1D1m= || 13?3m=

Figure 2 - Mathematical model
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4. CONSTRUCTION COSTS OF NINE FACILITIES VARIANTS

Based on calculation parameters and price of materials, the cost of
mechanization and gross shifts, construction costs by working operations as well as
total costs were obtained (Table 8).

Table 8 - Total construction cost

Const. costs Al A2 A3 B1 B2 B3 C1 C2 C3

[€/m]
Costs for drilling 1515 | 169.4 | 187.9 | 148.1 | 164.8 | 181.8 | 146.7 | 163.4 | 180.5
and blasting
Costs of 160 | 217 | 349 | 161 | 218 | 352 | 162 | 219 | 354
ventilation
Costs of loadingand | ;¢ 7 | 1143 | 1066 | 1087 | 1143 | 106.6 | 108.7 | 1143 | 106.6
transportation
Costs of 654 | 742 | 819 | 756 | 860 | 949 | 858 | 97.7 | 107.9
supporting

Costs of auxiliary
W. operations

Total construction
cost of 1m horizontal | 375.6 | 414.4 | 448.6 | 381.6 | 422.3 | 456.3 | 391.3 | 433.7 | 469.3
mining facilities [€/m]

340 | 349 | 373 | 332 | 354 | 37.7 | 340 | 364 | 388

5. FUNCTIONAL DEPENDENCY

Based on calculated construction cost of horizontal mining facilities, using a
computer program OM Explorer, upgrade on the Excel program, a two-parameter
functional dependence of construction costs have been established: from the rock type
and the profile size in the following form:

z=c+a-x+b-y 3)
Where as:
x - uniaxial compressive strength of rock mass [MPa];
y - profile size of facility [m’],

presents independent variables, while
z - construction cost of horizontal mining facility [€/m],

is dependent variable
¢ - constant;

a, b - constants before independent variables.

Following values of coefficients are obtained:

¢ =388.702
a=-1.154
b=11.395

z=388.702-1.154x+11.395y
This functional dependence is shown graphically on Figure 3.
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Z13X1 Y1 )=l +al1"X1+b17Y1,¢=388 702 a1=-1.154 b1=11.395
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Figure 3 - Two-parameter functional dependence of construction costs

Table 8 and Figure 1 show that with increasing strength, costs will be
decreased, while they will be increased in case of increasing profile size.

6. CONCLUSION

This scientific research indicates that different strength properties of rock
material and size profiles lead to differences in construction costs on horizontal mining
facilities.

Therefore is essential during projecting mining facilities to pay attention on
selection of optimal route and determination of optimal profile size in terms of
construction costs, as well as from the aspect of continuous production at the mine.
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