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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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TRENDS OF THEROCK FAILURE
CONCEPTIONS DEVELOPMENT*

Abstract. The analysis of existing research regarding rock failure criteria and justification of the analytical
failure criterion for structurally heterogeneous materials in the volumetric stressed and deformed state.

The study is based on an integrated approach with the use of analysis and synthesis of the literature sources on
the topic related to failure of the rock with heterogeneous structure, and use of analytical and empirical failure
criteria to assess the strength of rocks.

Comparison of the analytical failure criterion with the results of testing rocks in the volume stressed state is
carried out. It is proposed to assess the degree of danger of the rock failure media for any point of homogeneous rock mass
in the vicinity of mine working through the safety factor n, by comparing the value of equivalent stress o, with a ten-
sile strength in uniaxial compression R.. Use of structural attenuation coefficient k. allows transferring from strength
assessment of the rock sample to the evaluation of the real strength of structurally inhomogeneous rock mass.

A failure criterion for structurally inhomogeneous materials with defects in the form of joints that allows to
adequately assessing the stability of the rock mass is proposed.

Comparison of the analytical criterion with the results of laboratory testing of structurally heterogeneous ma-
terials in the volumetric stressed state allows predict the rock failure in the massif with the precision of 94%.

Keywords: failure criteria, structurally heterogeneous material, safety factor, tensile strength in uniaxial
compression, equivalent stress, coefficient of the rock mass structural weakening.

Development of ideas about the strength and destruction of solids. Assessing the strength of the
elements of the mineral deposit development systems, any researcher inevitably faces the problem of
choosing one or another failure criterion for geomechanical calculations. Since at the present time all
calculations of this kind are performed in specialsoftware applications, the researcher has to use the failure
criterion that is initially

integratedin the software solver. Meanwhile, rock massifs of different genesis and structure require
an individual approach to the choice of the relevant analytical expression. This analytical research deals
with the evolution of approaches to the solution of the problem of solids failure with analysis of the
application scope for two the most commonly used in geomechanics criteria: A. Griffiths in one of its
modifications and Hoek-Brown [1, 2].

Mechanical destruction of rocks or solids can be considered as a result of the rupture of their
structural connections due to the application of external forces. The study of this process, as a rule, occurs
through analysis of the corresponding physical models. They are either structural models that consider the
object of study at the atomic-molecular level, or structureless, when the solid is a continuous homo-
geneous continuum. There are also combined models that represent a medium in the form of a solid body,
consisting of chaotically located elements that have their own microstructure of a lower level.

*The paper is executed according to the results of the project Ne757.MES. SF.ISRIPR. 18. "System analysis of the geome-
chanical stability of the pit edges and the dump slopes in the variable mining-geological and climatic conditions on the basis of
stochastic models".
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The overwhelming majority of lithological differences are attributed to the class of polycrystalline
solids. Considering the structural model of a solid body in the form of an ideal crystal lattice, at the
corners of which there are particles held by communication forces, it is possible to calculate the amount of
force that should be applied to break this bond and thereby destroy the deformed body. For the first time
such a problem for brittle materials was solved by A. Griffiths (Reiner, 1965), who took the analytical
studies of G. Kolosov and Inglis (Tymoshenko, 1975) as a basis. A. Griffiths proved that the strength of
brittle bodies depends on the tensile strength of structural bonds weakened by microdefect, which inevi-
tably are present in any solids.

In sedimentary rocks, for example, the presence of microcracks is associated with genesis and
subsequent lithification, in magmatic — with the cooling of the melted mass, in metamorphic — with
chemical reactions.

These studies of the solids strength were embodiedby A. Griffithsin the theory, which formed the
basis for further work in the field of so-called microdefect theories of strength.

Griffiths criterion, on the basis of which it can be established whether or not a solid is destroyed, has
the following expression(Tymoshenko, 1975)

(01 - 0-3)2 + 8Rp(0-1 - 0-3) = O, ecau 3 03 + 01 > O, (1)
03 = Rp,eCJlu 3 03 + [} <0. (2)

If o3 = 0 in the equation (1) we obtain the relationship between the uniaxial compressive strength
R.and the uniaxial tensile strength Ry

R.=-8 R, (3)

This equation is in good agreement with the results of testing different fragile rocks (Spivak, 1967,
Fisenko, 1976).

T. Murrell showed (Murrell, S.A.F, 1958) that in the “7—c”coordinate system the basic equation of
A. Griffiths can have the presented as

41> 2R ,6-0.25R 2. )

In the research [1], proceeding from completely different premises, a failure criterion is proposed, the
basic formula of which has the following form

41> —26(1-y)R .—yR2=0 (5)

or

(6,-6)> ~(1-y)R (o,+0,)~-R2y =0 (6)

Here y = R,/R. — coefficient of brittleness equal to the ratio of the tensile strength to uniaxial tension
R, to the uniaxial compressive strength limit R.; o, and o3 are the maximal and minimal values of the
principal stresses.

It should be noted that the expressions (4) and (5) are essentially similar. Thus, if we put = 0.125 in
the expression (3), according to A. Griffiths, both formulas will be practically identical.In this regard, the
above-mentioned criterion of L. Parchevsky — A. Shashenko (formula 5) can be considered as a modified
criterion of A. Griffiths.

The theory of strength, proposed by A. Griffiths in the early 20-ies of the last century, corresponds to
modern ideas about the mechanism of destruction of solids and is confirmed by experimental data.

D. Prandtl showed that there are always two mechanisms in the deformation of solids that cause the
material to break down: brittle, which occurs by tearing along planes perpendicular to the tensile force and
viscous — from shearing. This concept was further developed in the works of N. Davydenkov (Davy-
denkov, 1936),Ya. Friedmann (Friedmann, 1952), G. Uzhik (Uzhik, 1935), etc. The concept of brittle and
viscous destruction serves as a physical basis for the development of failure criteria.
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The mechanism of solids plastic failure as a result of shear deformations was discovered in 1934 by
J. Taylor. He was the first who came to the idea of the presence of linear defects in crystal lattices-
dislocations (Taylor G.1., 1934), which originate at the tips of cracks or other stress concentrators.In rocks,
plastic deformations appear at comparatively low loads, since among the set of chaotically located crystals
there is always some number of them, the least favorably located with respect to external forces and
having internal defects such as dislocations. These crystals are deformed already with small external
forces. The number of them is usually small, and for this reason plastic deformations do not noticeably
affect the relationship between force and displacement.

With large external forces, irreversible shifts occur in most crystals along the weakest surfaces,
especially if they have a direction close to the surfaces of the maximum tangential stresses. This explains
the formation of slip tracks (Chernov-Luders lines) on the polished surfaces of loaded rock samples. It is
proved that plastic deformation as a result of shear is irreversible and proceeds without changing the
volume of the material.

The second important stage in the development of ideas about strength, included consideration of
thermal motion effects in a solid and their impact on the failure process. By this time, extensive experi-
mental data on the properties of the “limits” of elasticity, strength, and fluidity have been accumulated. It
was found that these limits are unstable, and their magnitude largely depends on the measurement
conditions. The reason for this inconstancy was the fact of the thermal motion of atoms in a solid.

Consideration of the thermal motion of atoms has made serious changes in the “mechanical” formu-
lation of the problem. After all, in this case, the external forces are no longer resisted by a static ensemble
of bound atoms, but by some system that is in oscillatory motion [3, 4].

Experiments started by S. Zhurkov (Zhurkov, 1957, 1968, 1980) on the tensile stress of solids with
very different structures showed that the dependence of the durability 7 on the acting stress o and tem-
perature Tis always described by an empirical formula of the same form

7 =1,exp(u, —yo)/ kT, (7)

where k& — Boltzmann constant;u,, myujyare some constants of the test material.

Fundamental research carried out by V. Regel, Ya. Frenkel(Regel, 1974; Frenkel, 1945, 1958) made
it possible to determine the physical meaning and numerical value of the constants entering into the
dependence (4): 7, is the period of oscillations of the atom near the equilibrium position (7) = 107s); u, is
the energy of interatomic bonds; yis a quantity related to the structural features of the deformed body.

Thus, the basic equation of the thermofluctuation theory of strength (4) has a real physical meaning
and reflects the regularities of the processes taking place in the solid state at the atomic level. The reason
for the failure is the energy fluctuations of atoms during thermal motion [3, 4].

Recently, another theory of thermofluctuation strength has been actively developing (Kusov, 1979;
Zhurkov, 1974), according to which the mechanism of crack initiation occurs as a result of pumping
energy from the environment into a destructive density fluctuation — dilaton. This leads to heating and
thermal expansion of dilatons to a critical value, their decay and the formation of microcracks in the solid.

The break at the boundary of the dilaton is accompanied by a pressure drop. As a result of this, the
dilaton becomes not only a source of local destruction, but also a point source of dislocations. Thus, the
elementary mechanisms of destruction and plastic deformation are interconnected and acting
simultaneously.

The dilaton theory of strength explains the reason for the destruction of defect-free structures due to
the internal instability inherent in any ensemble of atoms.

At present, the kinetic theory of strength, that explains the physics of the processes underlying the
destruction of solids, cannot be used for quantitative calculations. It is designed, in fact, only for the case
of uniaxial tension, while the rock mass in the vicinity of the mine workings is under conditions of a
complex stress state.

The kinetic theory of strength does not explain how the microdefects merge into the main cracks,
which are a sign of the destruction of a solid body. This defect of the theory could be eliminated if there
was a way to summarize the individual acts of failure. The idea of failure summation was formulated by
H. Boltzmann and was further developed in the works of L. Kachanova, Yu. Rabotnov, G. Litvinskyand
other scientists.
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Investigations of solids on the basis of structural models have made it possible to understand the
mechanism of their strength, and to state the basic concepts of the theory of failure. However, real solids
differ significantly from those idealized models presented in the theories discussed above. Engineering
practice requires the presence of specific formulas that allow assessing the strength of the designed faci-
lities, both surface and underground.

This circumstance has facilitated to the development of practical strength theories, which are based
on the unstructured phenomenological models of continuous deformed solid. At the moment, this typeof
the model has been most fully studied among all known models.

Engineering theories of strength originate from the assumption that the failure of solids occurs when
a certain combination of stress components (strains) reaches a certain critical value. In the most general
form, the failure condition for the principal stress components can be represented as

F(O-llo-210-3) < kr (8)

where F is certain function that combines stress components into one relationship. In the critical state, this
function is equal to the failure criterion k&, which usually depends on the basic strength characteristics of
the material, and these are commonly compressive, tensile and shear strengths.

Development of phenomenological theories of strength proceeded mainly along the path of sub-
stantiating analytical criteria that would allow the most accurate determination of the limit state in any
structural materials, including those relating to brittle, unequally resisting tensile and compressive forces,
such as the overwhelming majority of rocks.

With reference to such materials, O. Mohr (Mohr, 1915) proposed a theory of strength, the essence of
which is the following: failure occurs if the tangential stresses, which are a function of normal, reach a
certain level. At the same time, the strength of rocks does not practically depend on the value of the
average stressvalue op.

Specially performed experiments to determine the degree of influence of the average normal stress o
showed that the error from ignoring o (Beron, 1969; Chirkov, 1876) does not exceed 10-15% and lies
within the accuracy of the measured parameters. For brittle anisotropic rocks, the influence of oy
somewhat increases (Kuzhetsov, 1921).

The theory of O. Mohr does not have an analytical failure criterion. It is empirical, completely based
on experimental data, which makes it very reliable. Following the development of this theory, it is reaso-
nable to mention the empirical criterion of the strength proposed by Hoek-Brown, that is very popular in
geomechanical calculations. A detailed analysis of this criterion will be carried out below.

Studying the problems of plastic deformation V. Mises in 1913 and Huber in 1914 independently
came to the conclusion that a criterion of strength is not obligatory measured by all the magnitude of the
whole potential energy, but that part that goes to change of the shape. The theory of the strength of Huber—
Mises is well supported by experimental data for plastic materials.

The strength theory of O. Mohr, Tresca-Saint-Venant and Huber-Mises are the most commonly used
for solving elastic-plastic problems in geomechanics.

Numerous studies of the strength and rock failure in a complex stressed state were fulfilled under
supervision of A. Stavrogin who offered an exponential strength condition. The results of this paper are
generalized in the monographs (Stavrogin, 1979, 1985). The elastic-plastic problem with an exponential
strength condition was studied in detail by B. Annin(Annin, 1966).

The studies of the rock failure under conditions of severe loading have made it possible to formulate
a range of strength theories that take into account the inhomogeneity of materials emerged in the process
of controlled failure (Stavrogin, 1979, 1985; Baklashov, 2004; Glushko, 1980; Vinogradov, 1983). For
consideration of this condition, reflected in the parameters of the descending curve on the deformation
graph, the so-called strength reduction function is usually introduced into the strength condition. Then the
strength condition (5) can be written as follows:

F(O-l7o-270-3)gk(xayaz)7 (9)

where k (x, y, z )is a criterion of strength, which value varies at different points in the failure range.
General requirements for phenomenological strength theories are formulated by G.S. Pisarenko and
A.A. Lebedev in the works (Pisarenko, 1969, 1980).
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The authors of all above mentioned strength theories proceeded from the assumption of the ideal
structure of a rigid body, which either has a structure or has continuous (homogeneous) state. Real con-
struction materials and rocks are far from perfect ones. For this reason, in particular, the theory of strength
cannot require an ideal match with experimental data. This deviation is particularly considerable in the
case when the studied material contains sufficiently large defects-inclusions, pores, etc., which differ
substantially in their physical-mechanical properties. In fact, the most of rocks with imperfect structure
belong to such materials.

For nonhomogeneous solids, the deterministic model of a continuous medium is insufficient. Since
the places of stress concentration are local and confined to inhomogeneities, which are dispersed randomly
in the material, the statistical interpretation of strength becomes essential.

The idea of the statistical nature of strength was first expressed by A.P. Alexandrov and S.I. Zhurkov
in 1933 (Alexandrov, 1933: Zhurkov, 1957). Further development of statistical strength theory was
developed in the works of W. Weibull (Weibull W., 1939), T.A. Kontorova and Ya. Frenke (Kontorova,
1941), J. Fisher and H. Hollomon (Fischer, 1947), S.D.Volkov (Volkov, 1960), N.N. Afanasyev (Afana-
syev, 1953), L.G. Sedrakian (Sedrakian, 1958), B. Bredi (Brady, 1970), V.V. Bolotin (Bolotin, 1971),
B.M. Strunin (Strunin, 1962) and others.

A general approach to the description of the strength of inhomogeneous media was proposed by
.M. Lifshits and L.N. Rosenzweig (Lifshits, 1946) based on the method of J. Gibbs. The most successful
developments in this direction are statistical theories of the strength designed by S.D. Volkov and
L.G. Sedrakian.

Thus, modern ideas about the failure of solids in their development have passed three stages. At the
phenomenological stage, it was considered that failure occurs when some components of the stress tensor
(strains) reach certain limiting values.

At the structural level, failure is represented as the overcoming of interatomic attraction by the
applied and external forces, to a large extent reinforced by various defects in the structure.

The modern thermo-fluctuational strength theory considers failure as a process, although depending
on the parameters of the defective structure, but carried out by fluctuations in the thermal motion.

The gradual nature of the development of ideas of rock failureis reflected in the existence of three
corresponding approaches to solving the problem of strength, which co-exist, mutually complementing
and enriching each other. As these methods and approaches are improved, all three directions will,
apparently, eventually develop some general theory of the strength of solids.

Cam-Clay Model. The first critical state models for describing the behaviour of soft soils such as
clay, the Cam-Clay (CC) and Modified Cam-Clay (MCC) were formulated by researchers at Cambridge
University. Both models describe three important aspects of soil behaviour: 1) strength; 2) compression or
dilatancy (the volume change that occurs with shearing);3) critical state at which soil elements can
experience unlimited distortion without any changes in stress or volume.

A large proportion of the volume occupied by a soil mass consists of voids that may be filled by
fluids (primarily air and water). As a result, deformations in soilare accompanied by significant, and often
non-reversible, volume changes. A major advantage of cap plasticity models, a class to which the CC and
MCC formulations belong, is their ability to model volume changes more realistically.

The primary assumptions of the CC and MCC models are described next. In critical state mechanics,
the state of a soil sample is characterized by three parameters: 1) effective mean stress p'; 2) deviatoric
(shear stress) g; 3) specific volume v.

Under general stress conditions, the mean stress, p’, and the devaitoric stress ¢, can be calculated in
terms of principal stresses oy, 0, and o3 as

p'z%(a, +02+03), (10)

CI’=%J(GI—Gz)2+(az—o3)2+(a3—al)2. (11)

The specific volume is defined as v = 1+e , where e is the void ratio. The models assume that when a
soft soil sample is slowly compressed under isotropic stress conditions () = 0, = o3 = p') and under
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perfectly drained conditions, the relationship between specific volume v , and In p' consists of a straight
virgin consolidation line (also known as the normal compression line) and a set of straight swelling lines.
Swelling lines are also called unloading-reloading lines [2].

Hoek-Brown empirical failure criterion. By the method of obtaining the failure criteria can be
divided into two large groups: analytical and empirical. Analytical criteria of destruction are known:
Tresca-Saint-Venant, Yu. Yagna, P. Balandin, Parchevsky-Shashenko, etc. The most popular empirical
criteria are O. Mohr, Hoek-Brown, Z. Beniavsky, Cam-Clay and others (Ponomarev, 1956; Drukker,
1957; Macclinton, 1970; Kuznetsov, 1951).

Empirical criteria of failure are obtained on the basis of processing laboratory tests of rocks in
complex stress-strain states and results of field measurements. Their application should be limited to those
rocks and geological conditions of the experiment, which subsequently were generalized on the basis of
statistical and mathematical analysis.

Let us consider in detail the empirical criterion of strength, popular in geomechanics, developed by
Evert Hoek and Edwin T. Brown [5]. Its generalized formula is presented as

o, =0, +R0£mb;3+sj : (12)

C
where 0} u O3 — maximum and minimum effective stresses, Rc — the average value of the ultimate

strength for uniaxial compression of rock samples, 7, — Hoek-Brown constant, that takes into

consideration genesis and condition (quality) of the rock massif, s and @ are the constants resulting from
the approximation by the power function of the envelope of the stress circles obtained by three-axial
volume compression Karmanndevice.

For the untouched (undisturbed) rock massif, the equation (12) have the following expression

0,5
o, = o, +Rc(ml.;3+lj : (13)

Here the constant in contrast to the constant 71, ,takes into account only the genesis and texture of

rocks (4 <m; < 33).
The largest m; values describe fragile rocks, but the lowest values describe soft and plastic rocks, and
m; = 0 corresponds to the state of ideal plasticity.

For a disturbed rock massif, the constant 712, is defined as follows:
GSI —100
28 )

where GSI (Geological Strength Index) is a parameter that takes into account the geological features of the
rock massif, in particular its structure and the presence of cracks (5 < GSI <100). The parameter GSI is
in many respects similar to the parameter RMR (Rock Mass Rating) proposed by Z.T. Beniavsky.

For a rock mass with “good” quality ((GSI >25)we obtain

(14)

m, =m, exp(

s:exp[GSl‘“’Oj, a=05. (15)
9
For a rock mass with “poor” quality ((GST <25) we obtain
s=0, a:0,65—@. (16)
200

With a purpose of a smoother transition from strong rocks with good quality to very weak rocks with
poor quality, an additional parameter Dhas been applied. Parameter D takes into consideration disturbance
of the rock mass, for example, as a result of blasting operations. Taking into design D parameter as a
“disturbance factor”, the constants m;, s, a are determined through the following relations:
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m, = m, exp(GSl_lOOj, 17)
28—-14D
. eXp(GSI‘looj, (18)
9-3D
_Gs, 20
a=1+1(e IS¢ Aj (19)
2 6

Comparison of two failure criteria. In order to evaluate the adequacy of above mentioned failure
criteria (6) and (13) in the dimensionless coordinate system (X=o3/R.; Y= 01/R.), the corresponding graphs
were constructed (figure 1). According to results of the lab experiments performed by A.N. Stavrogin, the
averaging curve was constructed (Stavrogin, 1979). Failure criteria were estimated by the degree of their
deviation from the averaging curve.
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Figure 1 — Comparison of existing strength criteria with experimental data

In accordance with the given coordinate system, the criteria for brittle rocks (v = 0) will take the

following form:
2
%1 _9s
(RC RC j
~ = =2 <] 20)

* criterionofdestruction (6):
o, 05
R. R,
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For plastic rocks with a brittleness index y close to 1, or for m; close to 0, both criteria have the same
formula and describe the process for plastic rock failure.

For brittle rocks, comparable strength criteria give different results. Slightly below the resulting curve
is the criterion curve for equation (12). The curve corresponding to the Hoek-Brown criterion, for m; = 3.5,
which corresponds to the test rocks in the studies of A.N. Stavrogin, is located above the resulting curve.
For m> 10, the curve goes up sharply. The points scattering field is almost completely covered by two
curves: bottom — by criterion (6), and above — by Hoek-Brown criterion (13).

Calculations performed by the Hoek-Brown criterion will be more accurate if the rocks are weaker
and more plastic. In the case of strong and brittle rocks, the calculations performed by this criterion will be
somewhat overstated, which should be corrected when assessing the strength of the designed structures by
introducing an appropriate safety factor.

In two criteria considered above, there is a transition from an estimate of the strength of an undis-
turbed rock mass and a rock mass containing structural defects in the form of cracks. In the first case, this
is achieved by introducing into the main dependence the coefficient of structural weakeningk., taking into
account the scale effect, the presence of internal heterogeneity and block structure in real rocks. To
determine the value of the coefficient of structural weakening, it is sufficient to know two parameters: the
average cracks spacing /r and the variation of rock samples tests for uniaxial compression #,. The physical
meaning of these quantities is clear and understandable, and their obtaining is not difficult.

In the second case, five parameters are introduced into the generalized strength criterion: my, s, a,
GSI, D, the determination of which is rather complicated and, to some extent, a subjective procedure. The
objective to take into calculations all parameters with variable values of the rock mass inevitably makes
the empirical dependences increasingly cumbersome and less precise [6].

Conclusions.

1. Modern ideas concerning the failure of solids in its formation have gone through three stages. At
the phenomenological stage it was considered that a failure occurs when some components of the stress
tensor (strains) reach certain limiting values. At the structural level, destruction is represented as the
overcoming of interatomic attraction by the applied and external forces, to a large extent reinforced by
various defects in the structure. The thermofluctuation stage considers destruction as a process carried out
by fluctuations in thermal motion.

The gradual nature of the development of ideas about solids failureis reflected in the availability of
three appropriate approaches to solving the problem of the strength of structural materials, which mutually
complement and enrich each other. As these methods and approaches improve, all three directions will,
apparently, eventually develop some general theory of the strength of solids.

2. Verification of the two most popular failure criteria in geomechanics, A. Griffiths and Hoek-
Brown, showed that their applicability is limited by the structure and genesis of rocks.

3. The transition from the strength of rocks, determined on the samples, to the strength of the rock
massif, which has a micro- and macrostructure, is easier and more reliable to perform in accordance with
the technique described in [4].
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B. P. Pakumes', A. H. llamenxo?, A. C. Kospos®

'K. ML.Cot6aeB aThinarsl Kasak YITTHIK TEXHHKAIBIK 3epTTey YHUBEpCHTETI, AnMaThl, Kasakcran,
*Tay-keH yITTHIK yHHBepcuTeTi, Jluenp, YikpanHa

TAY KbIHBICTAPBIHBIH KUPAY IJIIMIHIH OHY KOJIJJAPBI

AHHoTanms. Makanazia Tay JKbIHBICTAPBIH KHPay KpUTEpHUilIepi )KeHIHIe KYPri3iireH 3epTTeyiep capanta-
raH. KypbUlbIM OpTEeKTI MaTepHalAapblH KeJIeMAIK KepHeyni aedopManus jkaraailblHAa KUPAybIHBIH aHAJIWTH-
KaJIBIK KPUTEPHIAi HEeTi3eNTeH.

JKyprizinren 3eprreyiep opKeiKi KYPBUIBIMIBI Tay >KBIHBICTAPBIH KUPAYhl XKOHIHAET1 9e0n MaIiMeTTepi ca-
panTaiFaH, OJapAbl KOPBITHIHIBI JKAacall, KBIHBICTAPBIHBIH OCPIKTINIriH OaralalThIH aHATUTHKAIBIK JKOHE IMITH-
PHUKAIBIK KPUTEPUIUIEPIH KOJIIAHY CUAKTHI KeIIeH i TOCLIIepre HeTi3aenei.

Tay >KbIHBICTApBIH KUPAYBIHBIH AHAIWTHKAIBIK KPUTEPHHI MEH KeNeMIIK KepHeylsi »XarnalblHIa ChIHAY
HOTH)KENEPIMEH CaJbICTBIPY OpbIHIANFaH. Tay KbIHBICTAPBIHBIH KUPAy KayINTUIIK IOPEXKECiH OPTaHbIH OIPTEKTI Tay
JKBIHBICBIHBIH K3 KEJITCH HYKTCCIHIH MIepiTil KaTKaH ayMaK MaHaibIHIA n OCpPIKTIK KaMIaHYbl 0, SKBHBAJCHTTI
KEpHeY 11aMachbliH OIpOCTIK ChIFbUTyFa OEPIKTIK LIeri R, MEH CalIbICThIpa OTHIPHIN Oaraiay YChIHbUIFaH. KypbulbIMabIK
ancipey k. ko3pPUIMEHTIH Nalanany Tay >KbIHBIC YITICIHIH OEpiKTIriH OarajayfaH HaKThl KYPBUIBIMJABUIBIFEL 9p-
TEKTI Tay >KbIHBICTAp MacCUBIHIH OSpiKTUIIriH Oaranayra Keuyre MyMKIHIIK Oepei.

ChI3BIK CHSIKTBI aKayJapbl 0ap KYpbUIBIMABLIBIFBI OPTEKTI ACHENEpAiH KUpay KpuTepuiiaepi ycbiHburad. Onap
Tay >KbIHBICTAP MaCCUBIH TYPAKTBUIBIFBIH alKbIH OarasiayFa MYMKIHIIK Oepei.

AHANTUTHKAIBIK KPUTEPUIAI KYPBUIBIMABUIBIFEI OPTEKTI MaTepHANIApABIH KOJeMIIK KepHEYyNi KYWHiH 3epTxa-
HaIBIK OaKplIay HOTHDKENIEPIMEH CaNIBICTBIPY apKbUIBI MAcCHBTETI Tay >KbIHBICTAPBIHBIH KUPAaybIH 94 % monmikneH
Gomkayra OoJambl.

Tyitinai ce3nep: Kupay Kputepuiiiepi, KypbUIbIMbI SpKeIKi MaTepual, 0epikTik Kamuany ko3¢ uuuenri, oip-
OCTIK CBIFBUTY/IBIH OEpIKTIK 1IeTi, ajJaMalibl KepHeY, KbIHBIC ClIeMiHIH KYPbUIBIMIIBIK dJicipey KO QUIHEHTI.

B. P. Paknmes’, A. H. lamenxo’, A. C. Km;pon2

'Kasaxckuii HAUMOHANBHBIN MCCIIEI0BATEBCKII TEXHUUECKHUH yauBepcureT uM. K. U. CarnaeBa, Anmartsl, Kazaxcras,
*HauuoHabHbI TOpHBIN yHUBEpCUTET, [IHenp, YkpauHa

TEHJAEHITAA PA3BUTUSA IPEJICTABJIEHUAN O PA3PYIIEHUM T'OPHBIX MTOPO/T

AHHoTanMs. B craThe BBINOJIHEH aHAJIM3 CYIIECTBYIOIUX MCCIEIOBAaHUH 110 KPUTEPHUSIM pa3pyIIeHNs TOPHBIX
nopoa. Jlano 000CHOBaHHE aHAJIMTUYECKOTO KPUTEPHSI pa3pyILeHuUs JJIsi CTPYKTYPHO HEOJHOPOIHBIX MaTepPHAIOB B
00bEMHOM HaIPsHKEHHO Ae(hOPMHUPOBAHHOM COCTOSTHHH.

HccnenoBanus 6a3upyroTcss Ha KOMIUIEKCHOM IIOAXO/E ¢ HUCIONb30BaHUEM aHAIM3a U 0000IIEHUS IuTepaTyp-
HBIX MCTOYHHMKOB IO TEMaTHKE Pa3pyLIEHHs TOPHBIX IOPOJ C HEOJAHOPOAHOW CTPYKTYpOH, MPUMEHEHUN aHAINTH-
YECKUX ¥ IMIMPUYECKUX KPUTEPHUEB pa3pyLICHUs ISl OLIEHKH TPOYHOCTH TOPHBIX TIOPO/I.

BrInonHeHO cpaBHEHNE aHATUTHYECKOTO KPUTEPHS pa3pyLIeHHs ¢ pe3ysIbTaTaMy HCIBITAHUH TOPHBIX TIOPOJI B
00BEMHOM HAaIpsHKEHHOM COCTOSIHUH. [IpeasioskeHo OLeHUBATh CTEIEHb ONMACHOCTH Pa3pyLICHHs HOPOIAHON Cpeibl
JUIS JTF000W TOYKH OJHOPOIHOTO IMOPOTHOTO MAacCHBa B OKPECTHOCTH BBIPAOOTKH TOCpencTBOM Koddduimenrta
3amaca NPOYHOCTH 71, CPABHHMBAs BEIMYMHY SKBUBAJIECHTHOTO HANPSDKEHUS 0.C MPENeNIoOM IPOYHOCTH Ha OJJHOOCHOE
cxarue R.. Ilpumenenne kodpduunenTa CTpyKTypHOTo OcinaOiaeHus k. MO3BOJAET NMEPEHTH OT OLEHKU NPOYHOCTH
HOPOJHOTr0 00pa3sia K OLEHKe IPOYHOCTH PEalbHOr0 CTPYKTYPHO HEOIHOPOIHOTO ITOPOJHOTO MAaCCHBA.

[IpemtoxxeH KpuTepuil paspyuieHUs i1 CTPYKTYPHO HEOIHOPOIHBIX TeJ ¢ Ae(eKTaMu B BUIC CHCTEM TPEIIUH,
HO3BOJ’I$IIOH.[HI7[ aJACKBATHO OLICHUBATH yCTOﬂ‘IHBOCTb MacCHBa ropHbIX IMOPOA.

CpaBHEeHHE aHAJMTUYECKOTO KPUTEPHUS C pe3ysbTaTaMH JIabOpaTOpHOr0 TECTHPOBAHMS CTPYKTYPHO HEOIHO-
POAHBIX MaTepHaJIOB B 00BEMHOM HAIIPSHKEHHOM COCTOSIHUH TTO3BOJISIET C TOYHOCTHIO 94 % NpOrHO3UpOBaThH paspy-
IIEHHE TOPHBIX ITIOPO]] B MacCHBE.

KitioueBble cioBa: KpUTEpuM pa3pylLICHHs, CTPYKTYPHO HEOJHOPOJHBIA Marepual, Kod3((HINEHT 3araca
NPOYHOCTH, Npelie]l IPOYHOCTH Ha OJHOOCHOE CXKATHE, SIKBHBAJIICHTHOE HANPSDKEHHE, KOIPPUIMEHT CTPYKTYPHOTO
ociabieHus MOPOIHOTO MacCUBa
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