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ABSTRACT

Multi-criteria decision-making methods are widely used to solve various problems in the industry, as well as to
support the planning and designing industrial processes. Mining is a very complex and responsible activity, so
when making a major decision, it is necessary to take into account several parameters and perform their detailed
analysis. Due to the importance of proper decision making, multi-criteria optimization methods have a very wide
application in mining. One of the most complex and important things in mining is the choice of mining method
for underground exploitation, where the application of multi-criteria decision-making methods can help a lot in
making the right decision. This paper will present the choice of the method of mining excavation by the TOPSIS
method, according to which it was obtained that the Sublevel Caving is optimal for a given case.

Keywords: Multi-criteria decision-making methods; TOPSIS method; Underground mining method selection.

1 INTRODUCTION

One of the biggest problems that every researcher or designer encounters when conducting research to open and
operate a new mine or analyze an existing underground mine is mining method selection. When selecting a mining
method for a particular underground mine, it is necessary to ensure safe and healthy working conditions. Also, one
should always keep in mind the fact that the costs of excavation cover most of the total costs of mining, so the
correct mining method selection will largely depend on whether the mine will operate with positive financial
outcomes [1].

When making the final decision on which method of mining to use, several parameters should be taken into
account, which can be quantitative or qualitative. Parameters influencing the choice of the method of mining
excavation can be divided into three groups [2]:

e mining and geological parameters, such as: geometry of deposit (depth below surface, general shape,
plunge, ore thickness), rock mechanics characteristics (ore zone, footwall and hanging wall, i.e. rock
substance strength, fracture shear strength, fracture spacing, structures, stability, stress), ore variability
(grade distribution, ore uniformity, ore boundaries), quality of resource, etc.;

e mining and technical parameters, such as: applied equipment, annual productivity, environmental impact,
health and safety, mine recovery, ore dilution, machinery and mining rate, flexibility of methods; and

e economic parameters, such as: ore value, ore body grades, mineable ore tons, operating cost and capital

cost.
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2 METHODOLOGY

According to previous research, we can say that the choice of the method of mining excavation takes place in two
phases [3] (see Fig. 1), as follows: rational and optimal choice of mining excavation method.

Defining the problem:
Mining and geological parameters

!

‘ Rational mining method selection with numerical methods |

|

‘ According to the UBC methodology |

i

Rational mining methods:
Cut and Fill Stoping
. Sublevel Stoping
. Shrinkage Stoping
. Sublevel Caving

|

Input data for optimal selection:
Mining - technical and Economic parameters

{

Optimal mining method selection with multi-criteria decision-making methods

4

‘ TOPSIS Method |

{

Optimal mining method:
Sublevel Caving

N

Figure 1. Underground mining method selection

When selecting a mining method rationally, the methods of mining are chosen according to mining and geological
parameters that affect the choice of mining (geometry of deposit, rock mechanics characteristics, ore variability)
[1]. Rational choice gives a group of mining methods that are favourable for application in this case, in order to
reduce the number of mining methods in the next phase.

There are several procedures for the selection, i.e., the selection of mining methods according to mining and
geological parameters, such as: the procedure according to Boshkov and Wright, Laubscher, Morrison, Hartman,
Nicholas, UBC and others. For the rational mining method selection, this paper uses the procedure according to
UBC [4], according to which the best mining methods are ranked: Cut and fill stoping, Sublevel stoping, Shrinkage
stoping and Sublevel caving. These methods of mining in the next phase will be alternatives in multi-criteria
decision making. After the rational selection, the optimal choice and the underground mining method selection
according to the economic and mining-technical parameters follows.

Many authors have conducted research on the underground mining method selection, using several methods of
multi-criteria decision-making, such as: PROMETHEE, ELECTRE, AHP, VIKOR, WPM, EDAS, TOPSIS and
others, together and separately. Ataei et al. in 2008 [5] used the TOPSIS method for developing a suitable mining
method for Golbini No.8 of Jajarm, bauxite mine in Iran. Namin et al. in 2009 [6] used AHP, TOPSIS and
PROMETHEE to solve a mining method selection problem. Mikaeil et al. in 2009 [7] used the Fuzzy AHP and
TOPSIS methods to select the optimum underground mining method. Mijalkovski et al. in 2013 [1] used the
PROMETHEE, AHP and AHP-PROMETHEE integrated method for mining method selection for lead and zinc
mine Sasa in Macedonia. Shariati et al. in 2013 [8] used the Fuzzy AHP and TOPSIS method for mining method
selection for Angouran mine in Iran. Balusa et al. in 2019 [9] used the TOPSIS, AHP, VIKOR, PROMETHEE,
ELECTRE, WPM method for mining method selection at Tummalapalle uranium mine in India. Mijalkovski et al.
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in 2020 [10] used the Fuzzy TOPSIS method for risk assessment at workplace in underground mine. Bouhedja et
al. in 2020 [11] used the TOPSIS method for choosing the best supplier of quarry natural aggregate. In 2021
Mijalkovski et al. applied the PROMETHEE [12] and VIKOR methods [13] for mining method selection. Ali et
al. in 2021 [14] used the TOPSIS method and modification of the UBC method for mining method selection.

The TOPSIS method will be used in this paper.

3 TOPSIS METHOD

One of the most commonly used multi-criteria decision-making methods are the TOPSIS method. The TOPSIS
method was first developed by Hwang and Yoon [15], and later expanded by Chen [16]. According to this method,
the best alternative is the one closest to the positive ideal solution (PIS) and the farthest from the negative ideal
solution (NIS). The Positive Ideal Solution (PIS) is a hypothetical alternative that maximizes the benefit criteria
(BC) while minimizing the cost criteria (CC). The negative ideal solution (NIS) is the opposite of the positive ideal
solution (PIS), i.e., it maximizes the cost criteria (CC), while minimizing the benefit criteria (BC). According to
this method, the best alternative is the one with the shortest Euclidean distance from the PIS, and also the furthest
from the NIS [17, 18]. According to this hypothesis, calculations involving eigenvectors, square roots, and sums
are used to obtain relative proximity to the test criteria. Ranking the values for the relative proximity of the whole
system is done by assigning the highest value for the relative proximity of the best attributes in the system. As
already mentioned, the TOPSIS method takes into account the distance to both PIS and NIS at the same time. In
the end, we get the ideal solution that is closest to the PIS, and furthest from the NIS. When the TOPSIS method
is used, the calculations are performed according to the following steps [18, 19].

Step 1: Once the decision matrix is assembled, a normalized decision matrix is formed using the following
equation:

Yij

] J 2’
JZj=1Yij

where y;; is the performance value of alternative j against criterion i.

i=1.,m j=1,..,] 1)

Step 2: The weighted, normalized decision matrix is obtained by multiplying the normalized decision matrix and
the weights of the criteria, using the following equation:

vij=Wi.Ti]" i=1,...,n; ]=1,,] (2)

where w; is the weight of the i-th criterion and X7, w; = 1.

Step 3: In this step, the negative and positive ideal solutions are determined. The ideal solution, A* (v, i=1,...,n),
is made of all the best performance scores and the negative ideal solution, A- (v, i=1, ...,n), is made of all the worst
performance scores for the criteria in the weighted normalized decision matrix. They are calculated using equations
3and 4.

AY ={vf, vi, ., vt} = {(max;v;|i € I'), (minjv;|i € )} 3)

A” =y, vy, .., v} = {(minjvij|i er), (maxjvij|i er)} 4

In these equations, the criteria are divided into two parts:

e the first part is an input or cost nature, denoted by the set I', and smaller performance scores for these
criteria are preferred;
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e the second part is an output or benefit nature, denoted by the set I"" and larger performance scores for
these measures are preferred.

Step 4: The distance of each alternative from PIS and NIS is calculated using the n-dimensional Euclidean
distance, using the following equations:

Df = [Sry(vy —vi), j=12,.) ®)
D = Sy =) S =12 ©)

Step 5: In this step, the relative proximity to the ideal solution is calculated. The relative closeness of the alternative
a; with respect to A* is defined as:

D: )
¢t = Dj++ij_, j=12,..,] @)

Step 6: Rank the preference order in the decreasing order of C;* values.

In the TOPSIS method, the chosen alternative has the maximum value of C;* with the intention to minimize the
distance from the positive ideal solution and to maximize the distance from the negative ideal solution.

4 CASE STUDY

The paper considers an active underground mine of lead and zinc. In the mine, a new part will be opened at depth
and it is necessary to choose the appropriate method of excavation the new part [12, 13]. The geological parameters
and physical-mechanical characteristics of the ore deposit are listed below (see Table 1).

Geological parameters

The platy-tabular ore body;

The thickness of the ore body is 15 m;
The plunge is 37°;

The depth below surface is 500 meters;
The grade distribution is erratic.

Table 1. Rock mechanics characteristics

Ore Hanging wall Footwall
Compressive strength, MPa 93 78 79
Number of fractures per meter 4 9 8
Rock Quality Designation (RQD), % 67 58 59
Rock Mass Rating (RMR), % 74 75 76

The following methods of mining excavation have been applied in the work of the mine so far: Sublevel caving,
Sublevel stoping, Shrinkage stoping and Cut and fill stoping. There are orientation parameters for these mining
methods, which have been confirmed in the available practice. These mining methods were also obtained as the
best ranked mining methods according to rational choice, i.e., according to the UBC methodology [20]. These
mining methods will be alternatives for the optimal choice of the mining method (see Table 2). We will use the
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TOPSIS method for the optimal choice of the mining method. For optimal choice, we will use eight mining-
technical and economic parameters, which will be the criteria according to which we will compare alternatives
(see Table 3). Each criterion has a different impact, i.e., weight on alternatives. In this paper, the weights of the
criteria were adopted in consultation with a group of 15 experts in the field of underground mining, in order to
minimize the subjectivity of optimization. Each expert gives their opinion on the weight of the criteria, and then
the mean value is taken with which further calculations are performed with TOPSIS method (see Table 3). Table
3 shows the target targeted by the criteria (max or min) and the category of criteria classification (quantitative or
qualitative). Some criteria are classified in the category of quantitative criteria (can be measured or calculated),
and some criteria are classified as qualitative criteria (cannot be measured). The qualitative criteria are defined by
descriptive estimates, so in order to be used for further calculations, they need to be transformed into numerical
values. The transformation of descriptive estimates into numerical values can be performed in several ways, with
the help of bipolar scale, qualitative scale, interval scale, linear transformation scale, etc. In this study, an interval
scale was used to transform descriptive estimates into numerical values, i.e., qualitative into quantitative values.

Table 2. Alternatives for underground mining method selection

Alternatives Symbol
Cut and fill stoping As
Sublevel stoping Az
Shrinkage stoping As
Sublevel caving Ay

Table 3. Criteria for underground mining method selection

Criteria Symbol | Weights of criteria | Goal Category
Value of mined ore Cy 0.1900 max | Quantitative
Occupational safety and health conditions C 0.1200 max Qualitative
Coefficient of preparation works Cs 0.1150 min Quantitative
Ore recovery Cs 0.1400 max | Quantitative
Coefficient of ore dilution Cs 0.0900 min Quantitative
Cost of one ton (1 t) of ore Cs 0.1850 min Qualitative
Effect of mining Cy 0.0975 max | Quantitative
Terrain degradation and other environmental impacts Cs 0.0625 min Qualitative

The value of mined ore is the net value of the useful component contained in 1 t of ore, after flotation and
metallurgical processing, reduced by the costs of metallurgical processing. The values for criterion C; were
calculated for each alternative and then entered in table 4.

The criterion C; is qualitative, so qualitative marks are assigned to it for each alternative (see Table 4).
The value for the criterion Cz was taken from the literature [21], i.e., for each alternative (see Table 4).

The ore recovery coefficient is the ratio of the excavated ore from the deposit and the total amount of ore in the
deposit. The value for criterion Cs was taken from the literature [21], i.e. for each alternative (see Table 4).

The coefficient of ore dilution is the ratio of unplanned ore and tailings mixed with ore and the total amount of run
of mine ore. The value for criterion Cs was taken from the literature [21], i.e. for each alternative (see Table 4).

The criterion Cg is cost of one ton (1 t) of ore. The total cost of producing one ton of ore is called the "cost price".
Thus, the term cost of ore production means the sum of all costs of production and flotation processing of ore (see
Table 4).

The effect of mining represents the productivity of the worker in the excavation process. The value for criterion
C7was taken from the literature [21], i.e. for each alternative (see Table 4).

The criterion Cg is qualitative, so qualitative marks are assigned to it for each alternative (see Table 4).
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When the analysis of the influence of criteria on each alternative is performed, then based on the theory and on the
basis of our assessment, a multi-criteria model is defined (see Table 4).

Table 4. Input model for TOPSIS method

Alternatives Criteria
C1 Co Cs Cs Cs Cs Cs Cs
Goal max max min max min min max min
A1 93.300 7.000 8.650 94.000 6.000 9.000 15.000 3.000
A 81.600 5.000 23.900 | 80.000 | 18.000 7.000 22.000 5.000
As 88.200 7.000 17.550 | 85.000 | 12.000 7.000 10.000 3.000
As 77.300 9.000 2.560 75.000 | 22.000 3.000 30.000 9.000
Weights of criteria 0.1900 | 0.1200 | 0.1150 | 0.1400 | 0.0900 | 0.1850 | 0.0975 | 0.0625
Table 5. The normalized decision matrix
. Criteria
Alternatives C: C2 Cs C: Cs Co C; Co
Goal max max min max min min max min
A 0.5468 | 0.4901 | 0.2791 | 0.5609 | 0.1909 | 0.6564 | 0.3628 | 0.2694
Az 0.4782 | 0.3501 | 0.7711 | 0.4774 | 0.5727 | 0.5105 | 0.5322 | 0.4490
As 0.5169 | 0.4901 | 0.5663 | 0.5072 | 0.3818 | 0.5105 | 0.2419 | 0.2694
Ay 0.4530 | 0.6301 | 0.0826 | 0.4475 | 0.6999 | 0.2188 | 0.7257 | 0.8082
Table 6. The final weighted normalised matrix
. Criteria
Alternatives C1 C Cs Cs Cs Cs Cs Cs
Goal max max min max min min max min
A1 0.1039 | 0.0588 | 0.0321 | 0.0785 | 0.0172 | 0.1214 | 0.0354 | 0.0168
A, 0.0909 | 0.0420 | 0.0887 | 0.0668 | 0.0515 | 0.0944 | 0.0519 | 0.0281
As 0.0982 | 0.0588 | 0.0651 | 0.0710 | 0.0344 | 0.0944 | 0.0236 | 0.0168
A4 0.0861 | 0.0756 | 0.0095 | 0.0627 | 0.0630 | 0.0405 | 0.0708 | 0.0505
Table 7. The ideal positive and negative solutions for each criterion
Ideal solutions Criteria
Ci1 C> Cs Cs Cs Cs Cs Cs
Ideal positive 0.1039 | 0.0756 | 0.0095 | 0.0785 | 0.0172 | 0.0405 | 0.0708 | 0.0168
solution (A*)
Ideal negative 0.0861 | 0.0420 | 0.0887 | 0.0627 | 0.0630 | 0.1214 | 0.0236 | 0.0505
solution (A")

Table 8. Alternative distances and their relative closeness criteria

Alternatives D/ D; C/
Aq 0.0927 0.0862 0.4817
Ay 0.1108 0.0470 0.2976
As 0.0943 0.0611 0.3932
Ay 0.0617 0.1272 0.6735
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Table 9. Ranking of alternatives

Alternatives c/ Rank
Aq 0.4817 2
Az 0.2976 4
Az 0.3932 3
A 0.6735 1

From Table 9 it can be seen that the alternative "A4" has the highest values, i.e., the Sublevel caving (see Fig. 2)
and it was chosen as the most acceptable. Alternative "A;" is in the second rank, then alternative "As", and the last
ranked alternative is "A2" (As — A1 — Az — Ay).

1.00 i
0.80 1
0.6733
= 060 1 4s17
3 0.3932
0.40 0.2976
0.20 4 !
0.00
Al A2 Al Ad

Allernatives

Figure 2. The overall ranking of the alternatives

5 CONCLUSION

Properly selected and applied method of mining excavation has a direct impact on very important parameters in
the exploitation of a given ore deposit, such as: the size of the losses and dilution of the ore, the mining costs, the
working effect and finally the financial outcomes that are achieved.

The fact that the correct choice of the method of mining excavation is of a great importance and that it is a very
complex process, many authors have expressed interest in studying this issue. Several methodologies and
procedures for the selection of the mining excavation method have been developed and proposed, taking into
account the most influential factors. It can be concluded that according to the opinion of most authors who research
this issue, there are two phases in the choice of the method of mining excavation: rational and optimal mining
method selection.

When deciding which method of mining excavation will be applied, as many factors as possible that influence the
choice of the method of mining excavation should be taken into account, because in that case the chosen method
of mining excavation will be the most suitable according to the mining-geological, mining-technical and economic
parameters.

Multi-criteria decision-making methods enable the selection of the most appropriate method of mining excavation,
taking into account a number of influential parameters. The underground mining method selection can be done by
applying several multi-criteria decision-making methods, such as: VIKOR, TOPSIS, PROMETHEE, ELECTRE,
AHP and others. In this paper, the mining method selection by the TOPSIS method, which considered several
influencing factors and came to the conclusion that the most acceptable mining method is Sublevel caving. In the
previous research, several multi-criteria methods were applied for the underground mining method selection for
the given mine and almost the same results were obtained, that is, there is a slight change in the ranking of mining
methods. Using the methods: AHP, PROMETHEE II, AHP-PROMETHEE, ELECTRE I, the top ranked mining
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method is Cut and fill stoping. By applying the VIKOR method, Shrinkage stoping was obtained as the most
acceptable method of mining.

If several methods of multi-criteria optimization are used, the obtained results will be compared and in this way
the most appropriate method of mining will be obtained, which is of great importance for solving this very complex
issue. The next step in researching this issue is the application of FUZZY methods for multi-criteria decision-
making, as well as their mutual comparison of the obtained results.

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

MIJALKOVSK]I, S., Z. DESPODOV, D. MIRAKOVSKI, M. HADZI-NIKOLOVA, N. DONEVA and B.
GOCEVSKI. Mining method selection for deeper parts of “Svinja Reka” ore deposit — “SASA” mine. In: 5
Balkan Mining Congress: September 18-21, 2013, Ohrid, Macedonia. pp. 133-136. ISBN 978-608-65530-
0-5.

BOGDANOVIC, D., D. NIKOLIC and I. ILIC. Mining method selection by integrated AHP and
PROMETHEE method. Annals of the Brazilian Academy of Sciences. 2012, vol. 84(1), pp. 219-233. ISSN
1678-2690. DOI: 10.1590/S0001-37652012005000013

MIJALKOVSKI, S., D. PELTECHKI, Z. DESPODOV, D. MIRAKOVSKI, V. ADJISKI and N. DONEVA.
Methodology for underground mining method selection. Mining science. 2021, vol. 28, pp. 201-216. ISSN
2300-9586. DOI: 10.37190/MSC212815

MILLER-TAIT, L., R. PAKALNIS and R. POULIN. UBC mining method selection. In: SINGHAL, R.K. et
al., eds. Mine Planning and Equipment Selection: October 31-November 3, 1995, Calgary, Canada.
Rotterdam, Brookfield: A.A. Balkema, 1995, pp.163-168. ISBN 90 5410 569 0.

ATAEI, M., F. SERESHKI, M. JAMSHIDI and S.M.E. JALALLI. Suitable mining method for Golbini No. 8
deposit in Jajarm (Iran) using TOPSIS method. Mining Technology. 2008, vol. 117(1), pp. 1-5. ISSN 2572-
6676. DOI: 10.1179/174328608X343650

NAMIN, F.S., K. SHAHRIAR, A. BASCETIN and S.H. GHODSYPOUR. Practical applications from
decision-making techniques for selection of suitable mining method in Iran. Mineral Resources Management.
2009, vol. 25(3), pp. 57-77. ISSN 0860-0953.

MIKAEIL, R., M.Z. NAGHADEHI, M. ATAEI and R. KHALOKAKAIE. A decision support system using
fuzzy analytical hierarchy process (FAHP) and TOPSIS approaches for selection of the optimum
underground mining method. Archives of Mining Sciences. 2009, vol. 54(2), pp. 349-368. ISSN 0860-7001.
SHARIATI, S., A. YAZDANI-CHAMZINI and B. POURGHAFFARI BASHARI. Mining method selection
by using an integrated model. International Research Journal of Applied and Basic Sciences. 2013, vol. 6(2),
pp. 199-214. ISSN 2251-838X. Available at:

https://irjabs.com/files_site/paperlist/r 1672 131014105923.pdf

BALUSA, B.C. and A.K. GORAI. A comparative study of various multi-criteria decision-making models in
underground mining method selection. Journal of the Institution of Engineers. 2019, vol. 100(1), pp. 105-
121. ISSN 2250-2122. DOI: 10.1007/s40033-018-0169-0

MIJALKOVSKI, S., D. PELTECHKI, K. ZEQIRI, J. KORTNIK and D. MIRAKOVSKI. Risk assessment
at workplace in underground lead and zinc mine with application of Fuzzy TOPSIS method. Journal of the
Institute of Electronics and Computer. 2020, vol. 2, pp. 121-141. ISSN 2643-8240. DOI:
10.33969/JIEC.2020.21008

BOUHEDJA, S., A. BOUKHALED, A. BOUHEDJA and A. BENSELHOUB. Use of the TOPSIS technique
to choose the best supplier of quarry natural aggregate. Mining of Mineral Deposits. 2020, vol. 14(1), pp. 11—
18. ISSN 2415-3443. DOI: 10.33271/mining14.01.011

MIJALKOVSKI, S., Z. DESPODOV, D. MIRAKOVSKI, V. ADIJISKI, N. DONEVA and D.
MIJALKOVSKA. Mining method selection for underground mining with the application of PROMETHEE
method. In: 3% International Multidisciplinary Geosciences Conference (IMGC 2021): October 1415, 2021,
Mitrovica, Kosovo. Mitrovice: 2021, pp. 84-91. ISBN 978-9951-8991-6-1.

MIJALKOVSKI, S., Z. DESPODOV, D. MIRAKOVSKI, V. ADJISKI, N. DONEVA and D.
MIJALKOVSKA. Mining method selection for underground mining with the application of VIKOR method.
Underground Mining Engineering. 2021, no. 39, pp. 11-22. ISSN 0354-2904. Available from:
http://ume.rgf.bg.ac.rs/index.php/ume/article/view/162

GeoScience Engineering Vol. 68 (2022), No. 2
geoscience.cz pp. 125-133, ISSN 1802-5420

DOI 10.35180/gse-2022-0075


https://doi.org/10.1590/S0001-37652012005000013
https://doi.org/10.37190/MSC212815
https://doi.org/10.1179/174328608X343650
https://irjabs.com/files_site/paperlist/r_1672_131014105923.pdf
https://doi.org/10.1007/s40033-018-0169-0
https://doi.org/10.33969/JIEC.2020.21008
https://doi.org/10.33271/mining14.01.011
http://ume.rgf.bg.ac.rs/index.php/ume/article/view/162

133

[14] ALI, M.A.M. and J.G. KIM. Selection mining methods via multiple criteria decision analysis using TOPSIS
and modification of the UBC method. Journal of Sustainable Mining. 2021, vol. 20(2), pp. 49-55. ISSN
2300-3960. DOI: 10.46873/2300-3960.1054

[15] HWANG, C.-L. and K. YOON. Multiple Attribute Decision Making. Methods and Applications. A State-
of-the-Art Survey. Berlin, Heidelberg: Springer, 1981. Lecture Notes in Economics and Mathematical
Systems, 186. ISBN 978-3-540-10558-9.

[16] CHEN, C.T. Extensions of the TOPSIS for group decision-making under fuzzy environment. Fuzzy Sets and
Systems. 2000, vol. 114(1), pp. 1-9. ISSN 0165-0114. DOI: 10.1016/S0165-0114(97)00377-1

[17] PARIDA, P.K. A general view of TOPSIS method involving multi-attribute decision making problems.
International Journal of Innovative Technology and Exploring Engineering (IJITEE). 2019, vol. 9(2), pp.
3205-3214. ISSN 2278-3075. DOI: 10.35940/ijitee.B7745.129219

[18] KUN, M., S. TOPALOGLU and T. MALLI. Evaluation of wheel loaders in open pit marble quarrying by
using the AHP and TOPSIS approaches. Archives of Mining Sciences. 2013, vol. 58(1), pp. 255-267. ISSN
0860-7001. DOI: 10.2478/amsc-2013-0018

[19] ASR, E.T., M. HAYATY, R. RAFIEE, M. ATAIE and S.E. JALALI. Selection of optimum tunnel support
system using aggregated ranking of SAW, TOPSIS and LA methods. International Journal of Applied
Operational Research. 2015, wvol. 5(4), pp. 49-63. ISSN 2251-6867. Awvailable at:
http://ijorlu.liau.ac.ir/article-1-461-en.html

[20] MIJALKOVSKI, S., Z. DESPODOV, D. MIRAKOVSKI, V. ADJISKI and N. DONEVA. Application of
UBC methodology for underground mining method selection. Underground Mining Engineering. 2022, no.
40, pp. 15-26. ISSN 0354-2904. Available at: http://ume.rgf.bg.ac.rs/index.php/ume/article/view/170

[21] TATIYA, R.R. Surface and Underground Excavations. Methods, Techniques and Equipment. 2nd Edition.
London: Taylor & Francis Group, 2013. Chapter 16, pp.527-684. Available at:
https://doi.org/10.1201/b14818

GeoScience Engineering Vol. 68 (2022), No. 2
geoscience.cz pp. 125-133, ISSN 1802-5420
DOI 10.35180/gse-2022-0075


https://doi.org/10.46873/2300-3960.1054
https://doi.org/10.1016/S0165-0114(97)00377-1
https://www.ijitee.org/wp-content/uploads/papers/v9i2/B7745129219.pdf
http://ijorlu.liau.ac.ir/article-1-461-en.html
http://ume.rgf.bg.ac.rs/index.php/ume/article/view/170
https://doi.org/10.1201/b14818

