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ABSTRACT

Purpose. To create a model allowing integration of the diverse features identified for the rock massif behavior by
differentiation of various theories and real phenomena into a single information-analytical flow.

Methods. System analysis of computational experiments’ results was based on the use of recursive calculation meth-
odology for assessing accuracy of the obtained results with different methods of geometric and physical description
applied to individual elements of simulation in the computational domain.

Findings. Sample tables were obtained containing the acceptable values of weight characteristics for the various
simulated elements in the generalized computational domain. A recursive algorithm for the analysis of the studied
objects description’ efficiency in the solution of geomechanics problems by grid numerical methods was formulated
and implemented as a computational module. The authors created a system for the assessment of the results obtained
via computational experiment at the time of full-scale investigation, which provides a comprehensive analysis of
changes in the rock massif state during the operation of the selected support system. The conditions of combining the
design characteristics of the simulated support elements functioning in a single load-carrying system under dynamic
redistribution of forces were obtained.

Originality. The resulting generalized model of mine working and elements affecting its condition allows to deter-
mine most accurately the nature of changes in the stress-strain state of geotechnological system regardless of the
originally a priori specified limitations.

Practical implications. The unified approach can be used in the search for the optimal parameters of implementing
combined working supports in the area of mining operations and beyond.

Keywords: rock pressure, stress-strain state, information and physical structure of the rock massif, heuristic multi-
variate model, neural network, cluster

1. INTRODUCTION

The development of technologies for underground
mining is currently retarded, largely because of impossi-
bility to predict rapidly and accurately the behavior of the
massif adjacent to the excavations operating in difficult
geological conditions (Toderas, 2014). In fact, such sit-
uation is typical for most mines in Ukraine (Dychkovskiy
& Bondarenko, 2006; Pavlenko, Salli, Bondarenko,
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Dychkovskiy, & Piwniak, 2007). It turns out that the
effective maintenance of excavation and high speed of
the working face advance, in some cases, are achieved
not through the formation of the optimal technological
characteristics, but due to excessive protective precau-
tions. Or else, where they do not help, due to additional
amount of manual labor, which not only reduces the
profitability of production, but also leads to a high acci-
dent rate among miners.
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2. GENERAL SCIENTIFIC PROBLEM

Considering the issues related to the stability of exca-
vation, we are always faced with the need for more accu-
rate determination of rock pressure value, which will
affect the working support. Most methods for solving
problems of geomechanics consider rock pressure as a
constant factor the value of which is defined on the basis
of laboratory and field experiments with the material of
massif rocks. Such experiments, in general, are based on
the theoretical concepts of classical continuum mechan-
ics and fracture mechanics (Fomychov, 2012). However,
equating the behavior of rocks under stress to that of a
technological material obtained by industrial method is
very conventional. Mining rock is not the kind of materi-
al with uniform physical characteristics in the whole
volume (Lodus, 1986). As a result, the distribution of the
rock mass stress cannot be predicted with a great degree
of accuracy, using only the fundamental laws of struc-
tures stability analysis. Thus, the obtained results are
rather conventional and cannot be used for a wide range
of combining geological and mining factors.

As of today, there exist a sufficient number of dif-
ferent approaches to modeling the behavior of the rock
mass around excavations. Conventionally, these tech-
niques may be divided into several qualitative groups:
firstly, changing characteristics of rocks by using addi-
tional reducing coefficients; secondly, development of
methods for differential description of rocks behavior;
thirdly, manipulation with the value of external loads
and boundary conditions of the computational domain.
These approaches can be used in combination with
analytical solutions or numerical methods. However,
regardless of the mathematical tools used in problem
solving, the above measures can only lead to deteriora-
tion of qualitative indicators of the obtained results. In
this case, it is natural and logical to expect high margin
of permissible error in the research. In some cases, this
error may reach 20%. In such circumstances, projecting
a preliminary excavation based on optimization of load-
bearing structures with an extremely small margin of
safety is impossible.

Furthermore, during exploitation of modern mines,
the number of potential threats only grows. There are
manifestations of rock pressure which are new, inexpli-
cable from the viewpoint of the existing hypotheses, for
example, sudden ejections of mining rock into the cavity
development, unaccompanied by any noticeable increase
of deformation of the circuit excavation just before the
accident (Dudukalov, 2003; Letov, 2004). In some cases,
excavations which are conducted in similar geological
conditions and protected in the same manner, behave
differently (Latyshev, Matveev, Martushov, & Eremizin,
2011). For example, support of one excavation almost
does not have any load, whereas the rack frame support,
in another generation, can be pressed to a depth of
300 mm (Fomychov, 2012).

Such differences in manifestation of rock pressure are
difficult to generalize, and therefore they try to find a
scientific hypothesis for each case that would satisfy the
kind of the effect observed in natural conditions. In fact,
the massif as an object of study is simplified to a state of
primitive model in which it can be described in terms of
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classical concepts of continuum mechanics. To make it
easy, a complicatedly structured object under continuous
or intermittent exposure to a variety of physical process-
es, is attempted to be squeezed into one, adopted as a
basic, scientific hypothesis.

3. FORMULATION OF THE PROBLEM

So, summing up all the above, it turns out that geo-
mechanics has a unique, from the perspective of physical
properties, object of study. It analyzes the object’s be-
havior ultimately relying on the theories of materials’
behavior accepted in classical mechanics. In other words,
the results received in the course of the research cannot
be interpreted beyond the context of these ideas, and thus
they do not allow to describe the massif fully within a
unified system of stress-strain state. Therefore, from our
point of view, it is high time to create such a model of
geotechnical system behavior, using which it would be
possible to describe all the diversity of properties and
processes occurring in it.

Thus, we need to create a primary model which al-
lows to integrate all the variety of identified features
characterising the massif behavior by differentiating
miscellaneous theories and real phenomena into a single
information-analytical flow. Here we do not aim at creat-
ing a fundamentally new theory of materials or the theory
of strength, the goal is to form a certain scientific plat-
form which will enable to display functional relation-
ships of various scientific hypotheses using the principles
of openness and parallelism. Relevant indicators would
form a highly accurate information model of the medium
with significant nonlinear characteristics.

In essence, this model represents a philosophical doc-
trine which makes it possible to transform ideas about the
state of the infinitely small volume of the massif in re-
spect to the features of the medium embodying it. The
main objective in the development of such a theory is
accumulation of all the available knowledge within a
single formal philosophical law of shaping the image of a
real object in the form of intricately coherent information
structure (Fig. 1). Using this method, it is possible to
create sets of variables in the form of an array of tables,
each element of which is associated with one chosen
volume of the geomechanical model. This model of mas-
sif behavior is meant to be used together with the grid
numerical methods.

The proposed approach is the result of careful consid-
eration and a great amount of research into stress-strain
state of the geotechnical system “working support — rock
mass”. This brought about understanding of the need for
a coherent description of the properties and processes
taking place in the massif. The studies involved analyz-
ing the results of field observations and computational
experiments. A significant experience in creating and
improving adequacy of design models built on the basis
of the finite elements method has been accumulated. The
processed data and their comparison with available de-
velopments of other research groups allowed to conclude
that there is no universal theory of the massif behavior
which could faithfully represent all the diversity of the
observed phenomena. Consequently, it was pivotal to
develop a theoretical basis for the simulation experiment
parameters of the computational domain elements.
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Figure 1. Generalized algorithm for implementation of multi-parameter model in calculation of the geotechnical system

4. PRINCIPLES AND EXAMPLES
OF THE RESEARCH

The present research is grounded on the formation of
principles and technologies of building a data reporting
system in the form of heuristic multidimensional model
representing information and physical structure of the
massif. Let us dwell in more detail on the meaning of the
proposed concept. We regard information and physical
structure as a well-defined duplex list of physical proper-
ties and information elements used in modeling of the
object (Fig. 2). In other words, physical characteristics of
the area under study are described parametrically or func-
tionally as a synthetic element of generalized regularities
generated within the heuristic and multidimensional model.

Heuristic method is based on logic, common sense
and experience, which yield new substantive infor-
mation. This method is used when it is impossible to
apply formal methods of research. In our case, such ap-
proach makes it possible to produce coherent information
structure in conditions of a partial description of the real
massif components using elements of continuous predic-
tion of the resultant state of the interacting information
fields. To put it simply, using this approach, and having
specific values of physical characteristics distributed in
the massif, it is possible to build a continuous multi-
dimensional function of the massif behavior.

What is the multidimensional model? In order to get
the initial design parameters of the model, it is necessary
to obtain their values, the combination of which will pro-
vide the most accurate description of a real object behav-
ior. Thus it is important to define these indicators on the
basis of the conventional system implying differentiation
of information components of various physical natures.
These components provide the description of: the material
behavior in the elastic state; the theory of transition into
the transcendent state; characteristics of jointing; water
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inflow pattern; heterogeneity of the material; the effect of
chemical reactions; rock layers; tectonic stresses; major
structural failures. We call each of the above components
“information and geotechnical field”. These fields consti-
tute the core of the proposed model. Essentially, infor-
mation and geotechnical field is a set of data presented as
constants and functional relationships which characterize
the degree of the selected theory effect in the whole com-
putational domain.

The more fields of such kind are used in the analysis
of the model, the higher its multidimensionality and
wider the set of factors affecting the adequacy of model-
ing. Mutual influence of information and geotechnical
fields can manifest in different ways. For each pair of
interacting fields, it is necessary to define a separate
system of relations in terms of abstract logic, physics,
and mathematical implementation. As a result, we have a
balance of the joint impact on the qualitative and quanti-
tative characteristics of each element of the computation-
al domain. At the same time, the proposed model of the
massif description is a completely open platform that can
be expanded by the introduction of new information and
geotechnical fields which describe the previously dis-
cussed hypothesis and field phenomena. In addition,
since such platform is distinguished by a high rate of
modularity, it does not require any fundamental trans-
formations, if the internal structure of a certain infor-
mation and geotechnical field changes due to modifica-
tions in provisions of a specific scientific theory.

To control the state of the proposed massif model, we
can use a variety of analytical and numerical methods,
with the help of which a system of mathematical expres-
sions transforms into the logical framework of the simu-
lated space including information and geotechnical
fields. It is possible to create such framework using tech-
nology of building neural networks.
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Figure 2. Structural and logical schematic for the research into optimization of geotechnical system technological parameters

The produced neural network is formed and trained
on the basis of the maximum allowable states of the real
massif as described by the model. Thus, the analysis
allows to predict heterogeneous physical nature of the
studied volume of a geomechanical system (Fig. 3).

Figure 3. Intermediate result of modeling the node of work-
ings frame support yielding
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Overlapping and multidimensional coherence of in-
formation and geotechnical fields can lead to flattening
of the analyzed features graphs (because of the high rate
of the massif homogeneity) and to creating the resulting
picture with fluctuations significant in size and localized
in a certain point in space. As a result, we obtain a dis-
cretely associated image of the massif in the form of a set
of clusters combined in space and time. Departing from
this image, we can carry out numerical calculation of
geotechnical models with unique factors affecting me-
chanical characteristics typical for classical geomechan-
ics. Thus, on the basis of the abstract method of analysis
of available ideas about the nature of the studied object,
we can form the informational array of specified physical
indicators that subsequently most adequately describes
the actual structure of the massif. However, from the
viewpoint of formalization, the proposed model of the
massif description is sufficiently amorphous and does not
have a strictly constructed evidence base, but, as already
mentioned, it can be considered appropriate in terms of
completeness of ideas about the development of the mas-
sif state near the opening.

In order to develop the described techniques of the
massif state representation, it is necessary to go through
the following stages: firstly, to determine the generalized
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properties of information and geotechnical field as an
object which is modeling the physical medium or pro-
cess; secondly, to form techniques for physical properties
transformation into the information blocks processed
within the model frames; thirdly, to develop basic opera-
tions underlying organization of interaction of infor-
mation and geotechnical fields; Fourthly, to develop the
requirements for the management of physical and math-
ematical platform of forming the resultant heterogeneous
structure of the massif model.

5. CONCLUSIONS

The proposed heuristic multidimensional model of
the massif information and physical structure enables to
significantly improve the quality and accuracy of calcula-
tions results using the grid of numerical methods for
solving problems of geomechanics. This model allows to
obtain a non-linear picture of rock massif state which
takes into account a wide spectrum of physical constants
and phenomena, whose influence on the material per
volume unit can change its mechanical properties and the
current temporal state.
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Merta. CTBOpUTH MOJIEJIb, LIO JO3BOJISE IHTETPYBATH BCE PI3HOMAHITTSI BUSIBICHUX OCOOJIMBOCTEH MOBEAIHKHU TipCh-
KOT0 MacuBy IIISIXOM JudepeHIialii pi3HUX Teopii 1 peanbHuX SIBUI Y €AUHUHN 1HOPMaIiifHO-aHATI THYHUIN TTOTIK.

Metonuka. CucreMHHi aHalli3 pe3yabTaTiB 00YHUCIIOBAILHUX €KCIIEPHMEHTIB, 1[0 NOOYIOBaHUI Ha 3aCTOCYBaHHI
PEKYPCUBHOT METO/IMKHU OLIIHKH PO3PAaXyHKOBOI TOYHOCTI OJEP)KyBaHUX PE3YJNbTATIB IPH PI3HUX METOAAX I'€OMETPHY-
HOTO 1 Pi3UYHOrO OMKCY OKPEMHX CIIEMCHTIB MOJICIIIOBAHHS Y PO3PaXyHKOBIH 001aCTi.

PesyabraTn. OTprMaHo TUIOBI TaOMILI, IO MICTATH MPUIIYCTHMI BEJIMYMHU BaroBUX XapaKTEPUCTHUK IS Pi3HUX
€JIEMEHTIB, SIKi MOJIEIIIOIOTHCS B y3arajbHEHIH po3paxyHKoBiii oonacti. ChopMynboBaHO i peasi3oBaHO y BUIIISAL PO3-
PaxyHKOBOTO MOAYJISi PEKYPCHUBHHH aJITOpPUTM aHali3y e(eKTHBHOCTI ONUCY NOCHIIKYBaHMX OO’ €KTIB IpU pillleHHI
3aBJIaHb TEOMEXaHIKH CITKOBIMHU YHCEITbHUME MeTonamMu. CTBOPEHO CHCTEMY OIIHKH OJICPKyBaHUX Pe3ybTaTiB 00UH-
CITFOBAIILHOTO EKCIEPUMEHTY TPH IPOBENEHHI HATYpHHUX IOCITIKEHb, SKa 3a0e3meuye KOMIUICKCHHH aHali3 3MiHU
CTaHy TIOPOJAHOTO MACHBY B XO[Ii eKCIUTyarallii 00paHoi cuctemu KpiruieHHs . OTpIMaHO YMOBH CITOJYYCHHS PO3paxyH-
KOBHX XapaKTEPUCTHK €JIEMEHTIB KPiIUIeHHS, sIKi MOJEIIOIOThCA W (YHKLIOHYIOTh y €IMHIM BaHTaXXOHECYUill cucTeMi
MIPH JHHAMIYHOMY HEepEePO3NOIii 3yCHIIb.

HaykoBa HoBH3Ha. OJiepikaHa y3arajibHeHa MOJENb TpHUYOT BUPOOKK M €NEeMEHTIB, 1110 BIUIMBAIOTh Ha 11 CTaH,
TPaHUYHO TOYHO JO3BOJISIE BU3HAYATH KAPTHHY 3MIHM HaIlpyKeHO-Ie(pOPMOBAHOTO CTaHY I'€OTEXHOJIOTIYHOI CHCTEMHU
HE3aJIeXKHO BiJl TOYATKOBHX anpiopi 3aJaHuX 0OMEXKEHb.

IpakTuyHa 3HAYNMICTb. 3a0€3MeUy€eThCsl MOXKIIMBICTD 3aCTOCYBaHHS YHiI(DIKOBAHOTO MiJXOMy B TOIIYKY ONTHUMA-
JIBHAX MOKa3HHKIB 3aCTOCYBAaHHS KOMOIHOBAaHMX KPIIUICHb TIPHUYMX BHUPOOOK, SIKi 3HAXOIATHCS 11032 30HOIO W y 30HI
Ji1 OYMCHUX POOIT.

Knrouosi cnosa: zipcokuii muck, HanpysiceHo-0epopmo8anuii CmaH, iHPOPMayitiHo-QizuuHa cmpyKkmypa 2ipcbKo2o
Macugy, eBpUcmuyHa 6a2amoMipHa Mooennb, HelpoOHHA Mepedicd, Klacmep

ABSTRACT (IN RUSSIAN)

Hean. Co3aaTe MOJEIB, IIO3BOJIIONIYI0 HHTETPUPOBATh BCe MHOT000pa3ue BELIBICHHBIX OCOOCHHOCTEH MOBEACHUS
TOPHOTO MaccuBa IyTeM Au(QepeHIHalh PA3IMYHbIX TEOPHH M PEalbHbIX SBICHHH B €IUHBIA HMH(OPMAIOHHO-
aHAJUTHUYECKHI TTIOTOK.
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Mertoauka. CHUCTEMHBIN aHaIN3 PEe3yJbTATOB BBIYMCIMTEIBHBIX JKCIIEPHMEHTOB, [TOCTPOCHHBI HA MPHUMEHEHHU
PEKYPCHBHOW METOIMKU OLECHKH PACYCTHON TOYHOCTH IIOIYYaEMBIX PE3yJIbTATOB IIPU PA3IHIHBIX METOIAX T€OMETPH-
94eCKOro U (PM3UYECKOTr0 OMMCAHMS OTACIBHBIX HJIEMEHTOB MOACIHPOBAHMS B PACUCTHON 00IaCTH.

Pesyabrathl. [TosydeHs! THIOBBIE TaOIUIBI, COACPIKALIME JOMYCTHMbIC BEIMYHUHBI BECOBBIX XapAKTEPUCTHK LS
Pa3IMUHBIX MOJEIUPYEMBIX 3JIEMEHTOB B 0000LIeHHOI pacueTHOW oOnactu. ChopMyIUpoBaH U peaii30BaH B BUJIE
PAacUETHOrO MOMAYJISA PEKYPCUBHBINA aJITOPUTM aHAIHU3a dPPEKTUBHOCTH OMMCAHUS UCCICAYSMbIX OOBEKTOB MPH pellie-
HUU 3a/1a4 I'COMEXaHHUKHU CE€TOYHbBIMHU YHUCICHHBIMU MCTOJaMU. COS[[aHa CUCTEMA OLICHKHU IIOJYYAaCMbIX PE3yJIbTaTOB
BBIYHCITUTENILHOIO YKCIIEPUMEHTA NP MPOBEICHUN HATYPHBIX UCCIEI0BaHUI 00eCreunBaroIas KOMIUICKCHBII aHaIH3
WU3MEHEHHs COCTOSHHUS MOPOJHOTO MAacCHBA B XOJ€ IKCIUTyaTal[MH BBIOPAHHOM cHCTeMbl KperuieHus. [lonydeHsl ycino-
BUSI COBMEILICHHS PACUYCTHBIX XaPaKTEPUCTUK MOJCITHPYEMBIX JIEMEHTOB KperH (yHKIMOHUPYIOIIUX B €IHHON TPy30-
HECYILEH CHCTEME P ANHAMHUYECKOM IIePepaclpeIeICHIH YCHITHA.

Hayunas nHoBu3sHa. [TonyueHHass 0600IIeHHAs] MO/IC]Ib TOPHOM BBIPAOOTKU M 3JIEMEHTOB, BIUSIOIIMX Ha €€ COCTOS-
HHE, PEIeIbHO TOYHO MO3BOJIET ONPEACITh KAPTHHY N3MEHEHIUSI HAPSDKCHHO-IEe(pOPMUPOBAHHOTO COCTOSIHHUS T€0-
TEXHOJIOTUYECKOI CHCTEMBI HE3aBHCHMO OT [IEPBOHAYAIBHO APHOPH 338 JaHHBIX OTPaHHYCHUI.

ITpakTHyeckasi 3HAYUMOCTB. OOeCIIEUNBACTCS BO3MOKHOCT IPUMEHEHHMS YHH(MHIIMPOBAHHOTO ITOJX0/1a B TOUCKE
ONTHUMAJIBHBIX ITOKa3aTeseil IPUMEHEHNsI KOMOMHUPOBAHHBIX KPEIIEil TOPHBIX BBHIPAOOTOK HAXOASIIMXCS BHE 30HBI U B
30HE JICHCTBUS OYMCTHBIX PadoT.

Knrouesvie cnosa: zoproe oasnenue, HanpsisceHHo-0epopMUpOSaHHoOe COCMOsIHUE, UHGOPMAYUOHHO-PU3ULECKas
CMPYKMYpa 20pHO20 MACCUBA, IBPUCIUYECKASI MHOZOMEPHASI MOOEb, HEUPOHHAS Cemb, Klacmep
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