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ABSTRACT
The paper offers a brief definition of the concept of using „Mineable Shape Optimizer“ and presents the basic 
requirements, parameters and controls to improve the quality of the results. It is also, focused on the type of main output 
data and the effect to the long-term planning and mining works in Dundee Precious Metals Chelopech EAD. 
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UNDERGROUND EXCAVATION OF ROCK-CLADDING MATERIALS

Nadezhda Stoycheva1, Petar Shishkov2
1University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; n.stoycheva@mgu.bg

2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; peter.shishkov@mgu.bg

ABSTRACT 
A number of historical documents, as well as ancient excavations found in different parts of the world, testify to the 
traditions in the underground extraction of  dimension stone blocks. It is an indisputable fact that currently the open pit 
method is the most popular practice for extracting rock facing materials. One of the main reasons for this is related to the 
lower production costs in open pit operation than in underground. A combination of geological and technical factors 
contributes to the lower value - the relatively low thickness of the overburden layers and the predominant development of 
technologies that can often only be used outdoors. Currently, the total cost of mining activities needs to be reviewed due 
to the growing number and types of constraints in recent years. In more and more countries, pressure is arising from 
environmental and technical constraints to reduce the number of open pits and to promote underground mining.   
Key words: mining of decorative stone, underground mining, rock facing materials, stone cutting machines, precision 
blasting.  
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ABSTRACT 
The report examines the need to organize and create specialized training in extraplanetary mining of mineral resources. 
It is proposed that this be done at University of mining and geology "St. Ivan Rilski", Bulgaria, with the involvement of 
specialists from the field of space sciences. 
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ABSTRACT 
 For the overall effect of mining activity, but not limited to it, decisions on leaving, winding up and utilization of mining 
infrastructure and concession area are of particular importance. In this regard, the conditions of Chelopech Are 
considered and evaluated some possibilities for the use of the ore infrastructure volumes and areas for other activities 
useful for society and nature. 
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BRAKING DEVICES OF MINING WINDERS 

Zhivko Iliev, PhD 
University of Mining and Geology” St. Ivan Rilski”, Sofia, Prof. Boyan Kamenov St. 

Department of Mining Mechanization 
1700 Sofia, E-mail: halkopirit@mail.bg 

ABSTRACT 
Are summarized main constructive solutions of braking devices of mining winders. Are considered schemes of work of 
hydraulic disc brakes. Are described types of main pneumatic braking devices. Has been made assessment of 
advantages and shortcomings separate constructions decisions. 
Key words: braking devices; mining winders. 
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ABSTRACT 
Based on the leading experience from around the world the methods and algorithms for establishing the depth and the 
design parameters of the ultimate underground mine layout have been discussed. Different methods and algorithms 
have been classified according to the following criteria: 1) the choice of underground mining technology, 2) the method 
used for graph traversal (in respect to design alternatives) and 3) optimisation problem target parameters. Based on the 
classification of different methods the perspective for future research has been discussed. In addition, practical 
guidelines have been established for future utilisation of the discussed methods.  
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ASSESSMENT OF ROCK MASS STABILITY AS A FACTOR IN SELECTING AN OPTIMAL  

MINING TECHNIQUE

G. A. Mihaylov
University of Mining and Geology, Department of Underground mining Students town, 1700 Sofia, Bulgaria, 

mihayg@mgu.bg
ABSTRACT
Purpose: Ore and rock waste stability is a key factor in selecting an optimal mining technique. An up to date
understanding intended to define the concept of stability is presented here.
Methods: Analysis and evaluation of the practical experience of Bulgarian and foreign enterprises in order to determine 
common valid dependencies; System analysis approach for creation of new underground mining methods classification; 
Investigation of the statistical data of the acquired results in favor of proving existing dependencies with clearly expressed 
quantitative character.
Findings: A new ore mining underground classification is proposed using two classification indicators. The mining
systems fall into four classes and based on the matrix record each one assigned a unique code. The concept of stability
modulus Mo has been introduced for a quantitative assessment. Rock mass is classified into five types, based on this
stability modulus Mo. Observations of the ore field have enabled determination of the relationship between the Modulus 
Mo and the hydraulic radius HR of the open stope: HR=f1(Mo). Having analyzed the Geological Strength Index (GSI) a 
dependence of the Mo=f2(GSI) type has been identified.
Originality: The expressed dependencies HR=f1(Mo) and Mo=f2(GSI) are original. Thus the hypothesis can be confirmed 
that GSI is a part of a well organised Database that assesses the impact of discontinuity on rock mass mechanical 
properties. They have been found quantitative indicators that characterize all five categories of the rock mass stability.
Practical Implication: GSI and Mo are adequately objective arguments in the selection of an optimal mining method
especially where more than one mining method can be applied in specific settings.
KEYWORDS: Underground ore mining classification, Stability modulus, Hydraulic radius, Geological strength index, 
Rock mass discontinuity.

INTRODUCTION, WHAT IS STABILITY?

A number of procedures have been developed for selection of an underground mining method based upon the
geological parameters. These procedures must take into consideration ore and waste rock stability. It seems, however,
that their assessment uses quality descriptions such as very unstable, unstable, …, very stable masses, and this gives
rise to subjectivity when it comes to solving specific applied problems, i.e. appropriate quantifiers need to be
introduced to provide an objective rock mass classification. It should be emphasised that a similar quantitative
approach to tunnelling, capital and access development has evolved significantly. The problem associated with ore
and waste rock stability in underground settings should be sought at least in the presence of four phenomena, namely:
- rock mass must be assessed as a structure consisting of two phases - ore and waste rock;
- mined-out voids vary in shapes and the boundary between such voids and waste rock does not always coincide with
that between two settings; 
- contemporary rock mass condition management tools are generally based on three methods: cut-and-fill stoping,
caving methods, room and pillar mining. 
- there is a multistage environment featuring dynamic stability in the various mine development stages.
The question arises as to what stability is. A number of attempts have been made to define it and the publications of
L.Muller (1971), W.Wittke, (1990), N. S. Bulychov (1994) appear to provide the most comprehensive contemporary
definition. Stability is a rock mass condition. It is a function of excavations and reflects the self-supporting capacity of
a rock mass over a period of time. Four factors control rock mass susceptibility and quantitative stability analysis,
respectively: rock mass stress, discontinuity orientation, mechanical properties of bedrock, and discontinuity infill
material. Therefore, stability is the capacity of a rock mass to counteract (at the expense of its internal self-
organisation) external influences induced by artificial voids. It is not an absolute quantity typical of a rock mass and
depends on the combined effect of the above factors. What makes ore mining essentially different is that ore is
genetically related to the three rock types, i.e. igneous, sedimentary and metamorphic rocks. Their distinctive feature
is the exceptionally wide variety of physic-mechanical properties and this prevents from applying a "general recipe" to
stability definition. In addition, ore deposits are historically related to tectonics that plays a part in ore formation as
well as post-ore folding and faulting. Therefore, structural discontinuities (fracturing) are to be highlighted as a main
factor affecting the study and accurate interpretation of quantitative parameters of rock mass characterisation. 

UNDERGROUND MINING METHODS CLASSIFICATION

There are more than a dozen of mining method classifications and each has the inherent characteristics of the period it
was developed. A thorough analysis of the worldwide practice shows that the total number of currently used mining
methods exceeds 100. It should be emphasised that the contemporary mining equipment used in stopes feature
mobility - diesel and electric LHDs (Load, Haul, Dump), high performance - the bucket size of LHD loaders is 10
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cubic metres, remote control systems. All these set new and totally different requirements to mining method 
classifications. In this specific case, a classification based on two classification criteria is used (Mihaylov, 2011): 
- stope condition; 
- production processes in the stope. 
Using the matrix record, the classification is generally presented as an array of symbols with a structure consisting of 
four indices: [MM]ijkl. MM stands for the mining method, i is the serial number of the class,  where M is the 
total number of classes to be developed; j is the serial number of groups,  where N is the maximum number of 
groups in a class; k is the serial number of subgroups,  where P is the maximum number of subgroups in a 
group; l is the serial number of variants   where Q is the maximum number of variants in a subgroup.  
Therefore, the following structure has been used to present the mining methods classification: 
 

CLASS  GROUP  SUBGROUP  VARIANT        
 
In this case M=4, i.e. four classes of mining methods are being considered; N=3, i.e. the maximum number of groups 
is for methods class II  cut-and-fill stoping; P=4, i.e. the maximum number of subgroups is for methods class IV  
multistage mining techniques; Q=4, i.e. the maximum number of variants is for methods class I  unsupported 
methods. The greatest advantage of the matrix record is that it is open and can incorporate further methods (along with 
their variants) as mining techniques evolve in the future. Figure 1 shows the structure of methods class I  
unsupported methods. Similar structures have been developed for the other classes: Class II  cut-and-fill mining 
method; Class III  caving methods; Class IV  Multistage mining methods. The clear identification of each mining 
method will require the transformation of the matrix record into a code. Figure 2 shows the identification code of one 
of the most common mining techniques, shrinkage stoping [MM]1212= In this case, the matrix record is transformed 
into the following identification code: 
 

 
 
The relationship of a mining method from the [MM]ijkl .set to ore and waste rock stability is based on the method of 
ore extraction in the stope: excavation carried out in one split; sublevel stoping, big hole stoping. The two 
classification criteria of the mining methods classification proposed are directly related to rock mass stability. This 
demonstrates the need to systematically study the quantitative indices of discontinuities which, in turn, determine the 
rock mass stability.  
 

 
 

Figure 1 - Block diagram of Class I  Unsupported Mining Methods 
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QUANTITATIVE INDICES CHARACTERIZING ORE AND WASTE ROCK STABILITY 
 
A number of studies into the characteristics of rock mass classifications have been published: Rock Load Theory 
(Therzaghy), Rock Quality Designation-RQD (Deer et al.), RMR system (Bieniawski), Rock Tunneling Quality 
Index-Q system (Barton et al.), Mining RMR-MRMR (Laubscher), Modified basic RMR-MBR (Cummings et al.), 
Rock Mass Index-RMi (Palmstr m), Geological Strength Index-GSI (Hoek et al.). 
They all share one common principle, i.e. determination and correlation of rock properties obtained from laboratory 
and field (in situ) testing. The long years of study carried out by the author have shown that the so-called Modulus 
characterising the Mo rock mass quality is appropriate for the purposes of underground mining. The reliability of the 
Mo parameter can be guaranteed only if a logical structure of information flows is available to provide input data. 
Figure 3 shows such a structure, based on the approach of A. Palmstr m (1995). The modulus characterising the Mo 
rock mass quality is derived by using the following: 
 

                   (1) 
 

 where c is the uniaxial compressive strength determined by laboratory testing (Unconfined 
                        Compressive Strength), MPa; 
             Jv is volumetric joint count, the number of joints per cubic metre; 

            mb is the material constant for the rock mass (for in situ rock) determined by applying    
                         the Hoek-Brown failure criterion; (Hoek, Kaiser, & Bawden, 1995) 
                          mi  - is the material constant for the intact rock determined by applying the Hoek-Brown  
                         failure criterion. (Hoek et al., 1995) 
In addition, the volumetric joint count, Jv, is calculated by using the following equation: 
 

                          (2) 

 
where i represents the serial number of the structural discontinuity orientation,  (in three              
           mutually perpendicular orientations;                        
           j is the serial number of the discontinuity set,  , NS is the number of sets; 
          Nij is the number of discontinuities in set j along orientation i ; 
          N(ns)I is the number of random discontinuities along orientation i; 
          SUM(L)I is the total length of measurement stations L along orientation i . 
  

 
 

Figure 2 - Matrix record reduction in identification code of one the most common mining methods       shrinkage 
mining  
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Figure 3 - Parameters applied as an information flow, determining Mo 
 
Random joints in (2) show that in this specific case jointing is more relevant than the well-known expression 
RQD=115-3.3Jv. Its effect can be both positive and negative. The negative aspect is associated with the fact that 
stability is deteriorated along the existing weak structural surfaces rather than slip surfaces (for instance, applying the 
limit equilibrium theory).  
The modulus Mo can be demonstrated to be effective only if it is related to the proposed mining methods 
classification [MM]ijkl. For this purpose, functional dependencies should be derived between the geometric parameters 
of the block as a main mining unit and the method of ore extraction (excavation carried out in one split, sublevel 
stoping, bighole stoping). The geometric parameters of the block are best described by the hydraulic radius HR. It can 
be determined using the following expression:  
 

                                                                 , m                                                                        (3) 
 
where a and b are the two main dimensions on the plane under consideration. 
The low HR values apply to underground excavation carried out in one split whereas the high ones are relevant to 
sublevel stoping, bighole stoping. Practice shows that voids having HR>25 are rare. 
Summary of data from Mo and HR studies puts forward the following rock mass classification using the ore and waste 
rock stability factor - Table 1.  
In addition to the stability-based mass classification (Table 1), data collection from hands-on studies in local and 
foreign companies can be used to derive a functional dependency between HR and Mo presented below: 
 

                                                        , m                                                       (4) 
 

where a and b are constants.  
In this case, a=1.56, b=0.195 using a concordance coefficient r2=0.886.  
Figure 4 is a graphical presentation of the dependency (4). 
 
 
 
 
 

38



Осма национална научно-техническа конференция с международно участие 
“Технологии и практики при подземен добив и минно строителство”,  4 – 7 октомври 2022,  Девин,  България 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 - Proposed Stability classification after Rock mass stability modulus Mo. 
Condition  Stability modulus, Mo  

 
Hydraulic radius, HR 

,  
 

Technological solution  

Very unstable,          (vu)  0.08 <1.20 Mining one split and total 
stope support 

Unstable,                 (uu)         Mining one split and 
partial stope support 

Medium stable,       (ms)   Production processes 
performed in two splits 

(parallel or in series), no 
support 

Stable,                     (ss)   Sublevel mining including 
bench stoping  

Very stable,             (vs) >8.00 >6.22 Bighole stoping 

 

 
 

Figure 4 - Relationship between Mo and HR 
 
It is evident that where Mo<0.08 and Mo>10. 0, the theoretical curve shows significant deviations from the 
dependency based on empirical data. This can be explained by the inapplicability of mining methods showing a large 
hydraulic radius and low Mo modulus values and vice versa  the inapplicability (more precisely, economically 
unprofitable underground excavation carried out in one split  low HR at adequately good quality of the rock mass 
(high Mo). These inconsistencies are noted as inapplicable - Not applicable (NA).  
 

ASSESSMENT OF COMPATIBILITY BETWEEN THE ROCK MASS QUALITY MODULUS AND THE 
GEOLOGICAL STRENGTH INDEX 

 
The GSI is generally viewed as one of the most widely used indices in the rock mass quality assessment. Additional 
detailed data have been generated by researchers in different periods and this makes it a dynamic continuously 
upgraded structure. The question arises as to what the GSI represents: Is it a system for rock mass quality assessment 
or an empirical method for structural element dimensioning of a wide range of equipment used in mining and mine 
construction? The GSI takes into account two main elements: the rock mass structure (Structure Rating, SR) and the 
surface condition (Surface Condition Rating, SCR). They can combine to produce a chart comprising i rows and j 
columns of the possible alternatives, i.e. SRi and SCRj , where , and  . In this case, M and N 
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determine the finite number of alternatives in i and j. The use of GSI as an empirical method in the study will require 
a wide range of parameters. Thus, a third dimension, k, needs to be added to the matrix. It describes the input 
parameters used in the structural element dimensioning procedure, i.e. , where P is the total number of 
parameters under consideration. The [A]ijk array is used. Its structure is based entirely on the Hoek-Brown failure 
criterion, i.e. this criterion will play an essential part in describing the behaviour of strong but jointed rocks. Table 2 
contains the list of parameters characterising the rock mass properties.  
 

Table 2 - List of parameters needed to characterize rock mass properties (Hoek et al.,1995) 

Designation Index 
Description 

 

  Relationship between Hoek-Brown material constants: mb is the value of the constant 
for the rock mass; mi is material constant for the intact rock; 

s  Hoek-Brown material constant, which depends upon the characteristics of the rock 
mass; 

a  Hoek-Brown material constant; the failure of such rock masses can be defined by 
setting a=0.5; 

Em  Rock Mass in situ deformation modulus; 
   

GSI  Geological Strength Index;  
Q/  Modified Rock Tunneling Quality Index; 

 
Based on the matrix record [A]ijk , the jointed rock masses can be determined using Structure Rating, (SR) by the 
formula (Usgoui, Ulusay, & Unal, 2010): 
 

                                                   (5) 
 
A total of five categories have been introduced, i.e.   (M=5). 
 
Surface Condition Rating, (SCR) can be determined by using the formula (Usgoui et al., 2010): 
 

                                                     (6) 
 
where Rr  is roughness, Rw is water factor, and Rf is alteration factor  availability of clay mineral coatings and fillings. 
A total of five categories have been introduced, i.e.  (N=5).  
Figure 5 illustrates the overall structure of the GSI. In the matrix record [A]ijk , GSI is k=6. Obviously, such structures 
can also be presented for other geomechanics parameters i.e. . The relationship of the rock mass quality to the 
GSI reveals that a suitable mining method can also be reliably selected where GSI<25. Then, extraction will be 
carried out through mining one split and total stope support and HR tends to one, i.e. .  
The overall structure of the GSI allows the analysis of compatibility between the GSI and the modulus Mo proposed 
to assess the rock mass quality. The dependency HR=f(Mo)  formula (4) implies that the Mo modulus is directly 
associated with the mining method classification [MM]ijkl. The smooth change in topography describing the GSI as 
well as the similar nature of the dependency HR=f(Mo) provide a good reason to seek a relationship between the rock 
mass quality and the GSI. Such a relationship has been found! It can be presented as follows:  
 
                                                                                                              (7) 

 
where a, b and c are constants, (E-b) is the exponential function . In this case, a=2.026, b=9, c=5.224, using a 
concordance coefficient r2 = 0.91.  
The expression (7) allows a new variant of the overall structure of the GSI, as shown in Figure 6. 
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Figure 5 - Overall structures of GSI, Structure Rating (SR) and Surface Condition Rating (SCR) 
 
As a result of its construction, it has been demonstrated that the selection of a mining method is a procedure. It reflects 
the maturity level of the Mo rock mass quality assessment and the block geometry determined by using HR. 
Therefore, the GSI is neither a mass quality assessment system nor an empirical method for structural element 
dimensioning. The GSI is a part of a well-organised database presented as an array of numbers [A]ijk. The purpose is 
to highlight the main patterns of mechanical properties obtained from laboratory and field (in situ) testing. Structural 
discontinuity of the rock mass is an underlying factor of effectiveness and the comprehensive study will require 
substantial financial and human resources. 
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Figure 6  Overall structure of GSI and applicability of some mining methods based on the [MM]ijkl  
 
 

CONCLUSIONS 
 

Among natural factors, ore and waste rock stability is viewed as the most important in the selection of an optimal 
mining method. To minimise subjectivity, a quantitative index is put forward to assess rock mass stability Mo. Based 
on this index, the rock mass falls into five classes: very unstable (vu), unstable (uu), medium stable (ms), stable (ss) 
and very stable (vs). Rock mass stability forms the basis of the mining methods classification proposed. It is based on 
two classification criteria, i.e. stope condition and production processes in the stope. An appropriate matrix code has 
been generated from the <class-group-subgroup-variant> structure of the mining systems and thus each mining 
method can be identified as a discrete entity. Using local and foreign experience, a dependency between the hydraulic 
radius HR and Mo modulus could be derived. This is a step towards the proof of the compatibility between Mo and the 
Geological Strength Index, GSI  a widely recognised and approved index employed in the study of properties of a 
jointed rock mass. Based on the long years of study into structural discontinuity, it can safely be concluded that 
jointing plays a crucial role in the behaviour and assessment of rock mass stability. An attempt has been made to 
relate the GSI to the other indices characterising the other strong but jointed rock masses. Thus, the following 
important conclusion can be drawn: the GSI is neither a rock mass quality assessment system nor an empirical method 
of dimensioning of structural elements. The GSI is a part of a well-organised database presented through an array of 
numbers [A]ijk. The main goal is to systematically study the correlations of laboratory- and field-derived mechanical 
properties, i.e. the introduction of a series of correction factors, including the structural discontinuity coefficient. 

 
REFERENCES 

 
Bulychov, N.S. (1994). [Rock mechanics for underground  Excavations], 

Moskva: Nedra. 
Hoek, E., Kaiser, P.K., & Bawden, W.F. (1995). Support of Underground Excavation in Hard Rock. Rotterdam: A. A. 

Balkema. 
Mihaylov, G. (2011). Technological and Geomechanical Logistics for Underground ore mining. In  Ed. Sinasi 

Eskikaya. 22nd World Mining Congress & Expo, (pp. 493-499). Vol. II. Istanbul. 
Muller, L. (1971). . [Engineering geology. Rock mechanics], 

Moskva: Mir.  
Osgoui, R., Ulusay, R. & Unal, E. (2010). An assistant tool for the Geological Strength Index to better characterize 

poor and very poor rock masses. International Journal of Rock Mechanics & Mining  Sciences, 47, 690-697. 
Palmstrom, A. (1995). RMi  A rock mass characterization systems for engineering purposes (Doctoral  Dissertation). 

University of Oslo. 
Wittke, W. (1990). [Rock Mechanics], Moskva: Nedra. 

42



Осма национална научно-техническа конференция с международно участие 
“Технологии и практики при подземен добив и минно строителство”,  4 – 7 октомври 2022,  Девин,  България 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

III– .

.  – „ “ , . , email: radamant@abv.bg 

INCREASING THE INTERMODALITY OF PUBLIC TRANSPORT DURING THE CONSTRUCTION OF THE 
THIRD METRO DIAMETER OF THE METRO IN THE CITY OF SOFIA 

Eng. Boris Vasilev 

ABSTRACT
The need of Intermodal connectivity between the types of transport in Sofia over the last 15 years has necessitated the 
adoption of specific decisions regarding the route of the Sofia metro extentions. This article aims to present the specific 
design solutions for the establishment of intermodal connections during the construction of the III Metro Diameter, as 
well as the decisions taken to improve transport connectivity in the city. Some short-term and long-term perspectives 
related to the creation of new intermodal connections in the capital will be presented. In any case, the future 
development of Sofia's transport infrastructure must take into account any possibility of intermodality. 
Keywords: Intermodality; The etro in Sofia; Third Metro Diameter; 
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ABSTRACT 
Underestimating the fire resistance of reinforced concrete linings has serious consequences in the exploatation of 
tunnels. Such compromise on the part of investors and designers stems from insufficient awareness of the changes in 
concrete and steel during fire. For this reason, clarifications have been made of the temperature parameters, which are 
recommended to be included in the mathematical modeling of the tunnel lining's stability. 
A review of the existing fire resistance regulations was made and a recommendation was made to fulfill the requirements 
of the Dutch RWS in the national regulations, although there is no uniform approach to solving the problem worldwide. 
Traffic restrictions are formulated, which together with the assistance of ventilation should be taken into account when 
modeling the control volume of the fire and the structural modeling of the linings. 
The development clarifies the basis on which successful mathematical models should be developed to reflect the 
essential aspects of the lining during a fire. 
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ABSTRACT 
The existing practice of calculating the fire resistance according to table 5.8 of BDS EN 1992-1-2 according to the 
thickness of the lining is incorrect. The inaccuracy arises from the conditions that the regulation is intended for buildings 
and the tabulated results are from slab tests under free expansion in a furnace. These conditions do not apply to tunnel 
linings. 
A general arrangement and program of activities for the study of tunnel linings in accordance with Eurocode 
requirements has been drawn up. 
A temperature curve was selected and the temperature field along the thickness of the lining was determined using the 
finite difference method. 
A computational model and software was developed for calculating the fire resistance of the linings. An iterative 
sequential linearization method is proposed to account for geometric and physical nonlinearity. An analysis of the results 
of the numerical study was made with the example of the lining of the "Vitinya" tunnel. In order to establish the 
effectiveness of the measures taken for the fire resistance of the investigated lining , a model experiment with local 
heating was carried out. 
From the numerical and experimental results, conclusions and recommendations have been made for the design of new 
and inspection of the linings already built during previous reconstructions. 
The research enriches the theory and practice of achieving durable and fire-resistant reinforced concrete linings. 
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GEODESY – DEVELOPMENT AND PERSPECTIVES 
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ABSTRACT 
The development of Geodesy in the system of the sciences has analysed. The relation “Geodesy-Geometry” has taken 
up. The universally and the variety between Geometry and Geodesy is outlined. Geodesy, as a system has considered. 
It’s presented, that the development of Geodesy is bringing it out of the frames of the Earth’s sciences. It’s 
demonstrated, that Geodesy is, first of all, a science about the space and after that-a science about the Earth.  
Keywords: geodesy, geometry, abstract space, space relations 
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CONCERNING THE CREATION OF SPECIALIZED MAPS IN UNDERGROUND MININGS 
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ABSTRACT 
According to the regulations in force in our country, specialized maps and registers must be created for underground 
wealth deposits. The mine surveying teams of the respective mining company play a major role in creating and keeping 
them up to date. The possibility is presented to document the spatial position of different sites and to connect it to the 
complete and accurate registering of all specific data for each mining workmanship or facility. 
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ANALYSIS OF TIME-DEPENDENT DISPLACEMENTS OF DISCRETE POINTS ON ZLATOGRAD DAM 

Kremena Shtereva1, Ivan Peev2, Marko Markov3
1University of Mining and Geology “St. Ivan Rilski”, Sofia, Bulgaria, k.shtereva@mgu.bg

2“Geotechengineering“ LTD, Sofia, Bulgaria, ivangp@abv.bg 
3“Geotechengineering“ LTD, Sofia, Bulgaria, markomarkov8@abv.bg 

ABSTRACT 
Monitoring the "behaviour" over time of a dam is an essential part of the complex of activities carried out to ensure the 
safe operation of the facility. At the same time, the possibility of a short-term prediction, based on a suitably chosen 
mathematical model for the approximation of the dynamic behavior of the wall, in retrospect, is of interest. 
The basis of the proposed work is the mathematical approximation of the "horizontal" and "vertical" displacements of 
specific discrete points stabilized in the wall of the Zlatograd Dam. A relationship was sought between the reliably 
observed point displacements and seasonal variations of rainfall and water level. 
The empirical data used in the analysis was collected as a result of periodic (spring-autumn), precise geodetic 
measurements performed between 2019 and 2022. 
Keywords: dam, deformations, mathematical analysis, approximation 
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 2: 

.
 ni-ni-1 [mm]

 [m] R-9 R-8 R-7 R-6 R-5 R-4 R-3 R-2 R-1 

1 25.03.2019 - - - - - - - - - -
2 14.10.2019 0.13 0.50 1.02 0.85 -0.31 2.96 2.59 1.68 0.58 -0.21
3 28.04.2020 -1.57 -2.90 -4.02 -3.50 -1.87 -3.36 -3.49 -2.42 -0.51 0.50
4 28.10.2020 0.51 0.91 1.51 0.95 0.12 1.77 2.00 1.58 -0.35 -0.86
5 28.04.2021 -1.67 -3.51 -4.31 2.30 -1.44 -3.07 -3.00 -2.34 -1.04 0.67

6 10.11.2021 0.00 0.50 0.34 -6.32 -1.05 0.62 0.44 0.39 0.83 -0.40

7 10.05.2022 -1.17 -5.37 -6.07 -4.90 -3.64 -1.73 -2.56 -0.80 -12.44 0.15

 3:

 3. 

R1 -0.22 
R2 -0.91 
R3 -0.86 
R4 -0.85 
R5 -0.59 
R6 0.03 
R7 -0.83 
R8 -0.78 
R9 -0.96 

,
 [4]. . 6-9: 

   
 6.  –  7.  – 
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 8.  –  9.  – 

,

.

4.2
 ( )

4
.

 4: 

.
 ni-ni-1 [mm] 

[m]R-9 R-8 R-7 R-6 R-5 R-4 R-3 R-2 R-1 

1 25.03.2019 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 
2 14.10.2019 -11.00 -12.00 -8.00 -10.00 -7.00 0.00 -3.00 -3.00 0.00 -0.21 
3 28.04.2020 5.00 2.00 2.00 2.00 2.00 -2.00 2.00 -2.00 -6.00 0.50 
4 28.10.2020 -7.90 0.30 -0.80 -1.90 -3.30 2.10 2.70 1.40 5.40 -0.86 
5 28.04.2021 8.30 0.10 0.60 1.70 2.80 -1.60 0.60 2.20 -5.60 0.67 
6 10.11.2021 -8.29 -3.80 -1.96 5.50 1.40 -4.70 -2.30 8.80 2.01 -0.40 

7 10.05.2022 17.19 2.40 7.56 2.00 7.50 10.50 8.40 -3.10 -3.01 0.15 

:
 5: 

R1 -0.99 
R2 -0.30 
R3 0.18 
R4 -0.02 
R5 0.54 
R6 0.26 
R7 0.39 
R8 0.32 
R9 0.71 
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MINE SURVEYING IN THE OPERATION OF VERTICAL SHAFT  "VARBA-1", "VARBA-BATANCI" MINE, 
"GORUBSO – MADAN" JSC 

Iva Chavdarova 
”GORUBSO – MADAN” JSC, 4900  Madan, chawdarowa.98@gmail.com 

Desislava Atanasova – Venkova 
”GORUBSO – MADAN” JSC, 4900 n Madan, dessislava.atanassova@abv.bg 

Alexander Tzonkov 
University of Mining and Geology "St. Ivan Rilski", 1700 Sofia, altzon@abv.bg 

ABSTRACT
The results of activities carried out during surveying the operation of the vertical shaft "Vurba-1", mine "Vurba-Batanci", 
"GORUBSO - MADAN" JSC are presented in the report. 
In connection with deformations that occurred in the fastening of the vertical shaft and in the mine workings near it, a 
horizontal attachment of the working horizons and profiling of the shaft in the disturbed section was carried out. By 
means of appropriate measurements, the deviation angles of the lifting equipment were calculated. A special observation 
station was created on the surface of the earth and in the mine workings to monitor the deformation state of the rock 
massif. The obtained results are commented. 
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CONSTRUCTION AND MONITORING OF A CONTROL AND MEASUREMENT STATION IN THE MAIN 
EXPORT GALLERY  "KRUSHEV DOL" SECTION, "GORUBSO-MADAN AD 

Desislava Atanasova-Venkova¹ 
¹University of Mining and Geology is “St. Ivan Rilski”, Sofia, Bulgaria,  

dessislava.atanassova@abv.bg

ABSTRACT 
As a result of the development of mining operations, the development of workings with larger sections and the release of 
large worked spaces in the "Krushev dol" section, there is a need to study and control the deformation processes and 
observe the underground objects from their impact. In the "Krushev dol" section, one of the main haulage galleries is 
close to a large working space. This is an important capital structure and its preservation is vitally important. The report 
presents the built observation station (control-measurement profiles and benchmarks) for tracking the deformation state 
of the massif around the gallery. The initial Markscheider observations have been made, the results of which will be used 
for comparison with subsequent measurements. Based on the data on realized spatial displacements of the observed 
benchmarks in the underground workings, the deformation state of the massif will be determined at the various moments 
of the observations. 
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ABSTRACT
The growing rates of underground resources extraction require a corresponding level of mine surveying activities. In 
such conditions, with traditional methods and equipment, it is no longer possible to ensure the necessary operational 
efficiency of mine surveying works. Increasing the productivity and effectiveness of mine surveying work is possible 
using highly efficient electronic-optical instruments, modern technologies, and contemporary methods, the essence of 
which is not rooted in the outdated regulations. Based on analyzes and evaluation of the current regulatory framework 
for mine surveying activities in the existing modern conditions, approval and imposition of new modern equipment and 
methods in Chelopech mine, phased changes in the regulatory framework for survey activities in the country are 
reasonably proposed.
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PROPOSAL FOR AN ADDITIONAL METHODOLOGY FOR THE MEASUREMENT, DETERMINATION AND 
INTERPRETATION OF THE DATA FROM STUDIES OF DEFORMATION CHANGES OF AN EARTH-FILL 

WALL OF A TAIL IMPORT 

Nedko Todorov 
University of mining and geology "St. Ivan Rilski", 1700 Sofia, nt.todorovv@gmail.com 

ABSTRACT 
Geodetic observations of the wall stability of tailings ponds are an important and integral part of facility operation. 
Despite the indisputable advantages of the used created method for determining the horizontal displacements of 
characteristic points of the wall, their interpretation does not provide sufficient objectivity of the displacements. The 
linear-angular grid was chosen as a complementary measurement method, as it gives the best results for the specific 
object. The analysis and visualization of the results goes through determining the parallel and perpendicular movements 
of the observed points relative to the wall, determining the speed and direction of the vector of their displacement. 
Relevant conclusions and recommendations have been made. 
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ABSTRACT 
Monitoring of quarries near structures and populated areas is considered safe in many cases. This approach is due to 
the visual judgment of more blasting participants and the wider range of surface safety indicators. 
During monitoring, it turns out that the task does not have an unambiguous solution. It turns out that when blasting 
works, effects occur that are not inherent in underground construction. 
The first effect is that when measuring near the source of the explosion, there are no pronounced longitudinal and 
transverse waves. These waves occur at greater distances, and in this zone the waves are radial and tangential. 
The second effect is the ability to measure the reference velocity of the medium. 
In third place is the effect of vertical impact. The case is analogous to the surface pressure in liquids. Due to the lack of a
weighting mass, facilities near the blast experience increased vertical momentum. 
In the development, the impacts on nearby facilities were investigated and the zone of influence of the blasting works 
and the safety of the nearby settlement was located. 
The research has an innovative nature and, together with the developed software, gives a clear picture of the impacts 
and consequences on the environment. Based on the analysis of the results, recommendations are made for 
optimization and safety of the blasting works. 
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