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Methodology. Different types of rock mass classifications are analyzed and discussed. Advantages and disadvan-
tages of rating systems are clarified to improve the system based on the structural factor. Statistical strength theory is
used to determine the structural factor considering rock mass heterogeneity. A correspondence is set up between the
structural factor and the factors reducing computed strength of rock mass obtained using Hoek-Brown’s and Pal-
strom’s approaches.

Findings. Quantitative comparison of the structural factors which approximate laboratory strength evaluation to
real rock mass strength and are based on different approaches is carried out. This allowed comparing the different
classifications of rocks and conducting geomechanical calculations using alternative methods. The correspondence
between structural factor and geological strength index is specified. This provides a possibility of designing mining
excavations using a good proven generalized Hoek-Brown strength criterion considering natural and technogenic
disturbance of rocks.

Originality. For the first time the structural factor is represented as a piecewise monotonic function. The relation-
ship between structural factor and Geological Strength Index and Rock Mass Index classifications for geomechanical
calculations is established. The significant influence of discontinuities and the type of filler between joints on me-
chanical properties of a rock mass is shown. The need of considering the discontinuity surface conditions while struc-
tural factor defining is clarified.

Practical value. The relation between structural factor and Geological Strength Index allows creating the tech-
nique for application of GSI rating system and Hoek-Brown failure criterion in excavation design in terms of Ukrai-
nian mines.

Keywords: rock mass classifications, statistical strength theory, structural factor, geological strength index

Introduction. Rock mass classification systems are
extremely important in rock engineering and designing.
The purpose of classifications is to group rocks with
similar properties to forecast the main features of the
rock mass. Rock mass classification systems are com-
monly used at initial stages of geotechnical projects to
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compensate the lack of information about the object
and as a basis for physical and mathematical simulation.

This paper is focused on comparison of different
kinds of rock mass classifications (Ukrainian and inter-
national ones) and adapting the rating stability systems
which are the most widely used abroad to geological
conditions of coal mines in Ukraine.

This issue is particularly relevant in connection with
the globalization of mining, expansion of machinery and
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equipment market and involvement of foreign technolo-
gies into practice of Ukrainian civil engineering [1, 2].

The following parameters are commonly used to
classify the rock masses: strength and deformation char-
acteristics of the rock mass (compressive and tensile
strength, M.M. Protodyakonov’s hardness factor and
modulus of elasticity); parameters of discontinuity (ori-
entation and condition of joints; surface roughness, in-
filling and weathering); groundwater conditions; initial
stress field (for deep excavation).

One of the first rock classifications is the Protodya-
konov’s rock hardness scale. In this scale rocks are
matched to one or another category according to a com-
plex metric called hardness coefficient. This classifica-
tion is based on the assumption that the rock destruc-
tion (failure) occurs mainly due to overcoming the com-
pressive strength. However, this classification does not
consider the tensile and shear strength.

The later classifications associate the categories of
rocks stability with the value of the excavation contour
displacement. This approach created a foundation of
construction norms and regulations described in [3].

According to the classification adopted in Ukrainian
regulations any excavation could be associated with the
stability category based on the absolute values of con-
tour displacements. The displacements should be mea-
sured in the roof, floor and sides of the excavation sepa-
rately and these values are constitutive geomechanical
parameters for determining the rock pressure and fur-
ther selection of support type.

However, displacements of the excavation contour
pointed in this classification, do not associate directly
with excavation depth and physical-mechanical param-
eters of the rock mass. It could be considered as some
imperfection of the mentioned classification.

Nowadays, some classifications in Ukraine involve
parameters of the rock mass structure. According to [4]
these regulations divide rocks into classes with respect to
stability of the immediate roof and floor of the excava-
tion. The parameters involved are the average value of
contour convergence; critical size of mined-out space
provoking the roof collapse behind a longwall; the
length of unsupported span; the average compressive
strength and the distance between joints (spacing). Each
class associates with the technological scheme of sup-
port design defining the rock pressure and support resis-
tance. It is obvious that the required bearing capacity of
lining (support) and protective means in specific geo-
logical and mining conditions should be clarified by ob-
taining objective information in situ.

The analysis of classifications shows that some of
them are too general and do not contain recommenda-
tions for the excavation support. Others relate to specific
technologies of mineral extraction and contain numeri-
cal values of geomechanical parameters which could not
correspond to reality under other geological conditions.
This issue has a special importance while introducing
new mining equipment, improving mining techniques
and developing innovative technical solutions.

In such cases, the design of underground construc-
tions must be preceded by research work including vi-
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sual and instrumental observation of rock behavior un-
der natural conditions, statistical data processing and
modeling the geomechanical processes [5], both physi-
cal and mathematical (numerical). When a numerical
model of geotechnical process is created the rock could
be associated with a particular category of stability for
the correct alignment of the laboratory test results with
data concerning the structural features of the rock mass
in situ.

Thus certain quantitative indexes (ratings) should
follow from the fact that rocks are attributed to the par-
ticular class of stability. These ratings should be used to
identify the main geomechanical characteristics re-
quired for excavation design. This approach is widely
used in international rock mass classifications (rating
systems).

Analysis of rock mass rating classifications. Since the
second half of the 20" century the rating systems of
rocks quality assessment has been widely used in rock
engineering. The Rock Mass Rating (RMR) system was
developed by Bieniawski in “Engineering rock mass
classification” to assess the stability and support re-
quirements of tunnels. To classify a rock mass, the RMR
system considers the following six basic parameters:
uniaxial compressive strength; Rock Quality Designa-
tion (RQD); discontinuity spacing (distance between
joints); condition of discontinuity surfaces; groundwater
conditions; orientation of discontinuities relative by the
engineered structure.

Several modifications have been made to Bien-
iawski’s Rock Mass Rating system by Laubscher. The
modified Rock Mass Rating (MRMR) adjusts the basic
RMR value considering the in situ and induced stresses
and the effects of blasting and weathering.

The RMR and MRMR systems provide a set of
guidelines for the selection of rock reinforcement for
tunnels and mining excavations. These guidelines de-
pend on factors such as a depth below surface (in situ
stress), tunnel size and shape, and method of excava-
tion. However, as it was mentioned above, the values of
geomechanical parameters under various mining condi-
tions can vary significantly. That is why the output of the
RMR system can lead to over design of support systems.
Additional limitation of the RMR system is low reliably
in weak rock masses.

The rating parameters were used most systemically
by Hoek and Brown [6] to apply the empirical strength
theory in geomechanical calculations. They proposed
an empirical criterion developed through curve-fitting
of triaxial test data. The original Hoek-Brown criterion

is defined as
o) =0} +/mR .oy +sR?, (1)

where m and s are constants depending on the rock mass
genesis; R, is uniaxial compressive strength of the intact
rocks; o, and o3 are major and minor principal stresses
at failure.

For intact rock s = 1 and m = m,. Values for mi can be
calculated from laboratory triaxial testing of core sam-
ples or extracted from reported test results. The values
for each of these parameters can be difficult to assess
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since there is no fundamental relation between the con-
stants in the criterion equation (1) and physical charac-
teristics of the rock mass. That is why the following em-
pirical relations for constants m and s were presented
using the RMR system (Table 1).

Hence, for jointed rock mass the values of Hoek-
Brown parameters are within the inequalities 0 < s < |
and m < m;. For underground applications in which the
confining stress would not permit the same degree of
loosening as would occur in a slope, the category of
“undisturbed rock mass” was introduced. This would
apply to all cases in which the interlocking between par-
ticles and blocks is still significant.

So, the main idea of Hoek-Brown failure criterion
development is the need of correct transition from the
properties of laboratory rock sample to properties of the
rock mass. It provides increasing accuracy of the geo-
mechanical parameters determination. These parame-
ters (the size of failure zones, the rock mass displace-
ment, etc.) are the basis for an underground construc-
tions design.

Considering the discontinuities according to rock mass
classifications. Obtaining new observation data and lab-
oratory test results gave an opportunity to clarify and
generalize the failure criterion (1). A new parameter o
was introduced in the criterion to increase an accuracy
of the rock mass behavior description. The generalized
Hoek-Brown failure criterion is written as [5]

, o
G| =0+ Rc£m$+sj . )
RC

For rock masses of good quality with relatively tight
interlocking, the constant a is equal to 0.5, thus reduc-
ing equation (2) to the equation (1) (the original crite-
rion).

Hoek introduced the Geological Strength Index
(GSI) to facilitate the determination of rock mass prop-
erties of both hard and weak rock masses for use in rock
engineering. The relationship between the rock mass
structure (conditions) and rock discontinuity surface
conditions is used to estimate an average GSI value rep-
resented in the form of diagonal contours. This simple,
fast and reliable system represents the non-linear rela-
tionship for weak rock mass and can be tuned to com-
puter simulation of rock structures. It can provide means
to quantify both the strength and deformation properties
of the rock mass. The original Geological Strength In-
dex (GSI) chart was developed on the assumption that

Table 1

The empirical relations to determine Hoek-Brown
criterion constants

Disturbed Rock Undisturbed (or Interlocking)
Masses (slopes) Rock Masses
RMR-100 RMR-100
m=me 14 m=me 2
RMR-100 RMR-100
s=e 6 s=e 9
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observations of the rock mass would be made by quali-
fied and experienced geologists. However, there are
many situations where engineering and geological staff
are less comfortable with qualitative descriptions.
Hence, the issue of quantifying GSI has been given pri-
ority.

In one of the last research studies [7] the author pro-
posed to represent discontinuity surface conditions by
the Joint Condition rating (JCond89) defined by Bien-
iawski while the blockness of the rock mass is represent-
ed by Rock Quality Designation (RQD). The value of
GSlis given by the sum of these parameters according to
the following relationship

GSI=1.5JCondg + 0.5RQD. 3)

GSI rating system is used to estimate the Hoek-
Brown failure criterion parameters

GSI-100
m= mie 28-14D ’ (4)
GSI-100
s=e 9-3D ; (5)
— 1 -GSI/15 -20/3
0= 0.5+ e I ¢ 05), (6)

where D is disturbance factor (the degree of disturbance
caused by blast damage and stress relaxation).

Another example of rock mass rating and discontinu-
ity accounting is the Rock Mass Index system proposed
by Palmstrom in “RMI — a rock mass characterization
system for rock engineering purposes” to characterize
the rock mass strength. This system applies input of
block size, joint characteristics and strength of intact
rock to express the uniaxial compressive strength of a
rock mass. The rock mass index is a volumetric param-
eter indicating the approximate uniaxial compressive
strength of a rock mass. For jointed rock it is expressed as

RMi=c,-JP=0,-0.2jC -Vb", ™)

where o, is the uniaxial compressive strength of intact
rock; jC is the joint condition factor; Vb is the block vol-
ume, measured in m® and JP is the jointing parameter,
which incorporates the main joint features in the rock
mass and D = 0.37;C72,

In fact, the introduction of quantitative ratings is an
attempt to estimate the rock scale effect caused by plen-
ty of factors and revealed as a dissimilarity in mechani-
cal properties of wide scale rock mass and a little rock
sample.

Really, the uniaxial compressive strength for inho-
mogeneous jointed rock mass R, can be expressed by
setting o3 = 0 in the equation (2)

Rcm = Rcsa = RckGSls (8)

where kgg; = s* could be considered as some kind of
structural factor. This factor displaces the difference be-
tween the average strength of laboratory rock samples
and the inhomogeneous rock mass.

Similarly, equation (7) could be considered in the
same sense
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Ron=RMi=R.-JP=c" kp, )

here k;p has the same interpretation but may have a dif-
ferent value according to the RM1 system.

The similar approach is developed by Shashenko,
Sdvyzhkova & Gapeev [8] based on statistical strength
theory.

Scale effect estimation based on statistical strength
theory. As we mentioned above the dissimilarity in com-
pressive strength of real rock mass R,,, and average com-

pressive strength of rock sample R. can be defined as
the scale effect and estimated quantitatively by the
structural factor

e, == (10)

There are different approaches to evaluation of this
factor. According to statistical strength theory [6] the
rock mass can be considered as a unit consisting of dif-
ferent structural elements. The compressive strength of
each structural element is supposed to be a random vari-
able R submitted to some probability distribution F(r).
Let the compressive strength of the real inhomogeneous
rock mass be estimated by the value R,,,. Then it should
be accepted that the strength of each structural element
is not less than this value. The probability of such event
is determined by the expression

PRy <r<eo)=1-F(R.). an

The particular aspect of the equation (11) depends
on a choice of the function F(r). Let us assume the hy-
pothesis of normal distribution of structural element
strength. Then the expression (11) looks like

p(Rcm<r<°°): 1 _FO[(Rcm_a)/G] =Pm> (12)

where a, o are parameters of normal distribution: mean

and standard deviation respectively; F;(¢) is the proba-

bility function of the standard normal distribution.
Then equation (12) can be written as

(A1,
(e

and solved with respect to R,,,;: R,,,: R.,=0 - t+a.

Here t = arg Fy(1 — p,,) is an argument of function £,
at its value (1 —p,,). Let us divide both parts of last equa-
tion by a and obtain the structural factor in the right-
hand side according to (10)

ko=1+m-t, (13)

where 1 = 6/a is a variation of the random value R.

At great values of variation n the structural factor k&,
becomes negative that contradicts its physical sense.
This occurs because the probability of negative values
becomes essential at 1 > 0.33 according to Gauss’s law.
So we should put forward a hypothesis of asymmetrical
strength distribution for jointed rocks, in particular,
logarithmically normal distribution. In this case ex-
pression for compressive strength of the rock mass R,
looks like
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R,,=exp(a+o-1). (14)

Then the structural factor according to (10) consid-
ering that n? + 1 = exp(c?) is given by formula

exp(t~ ln(n2+l))
k.=
\/n2 +1

At n = 0 (homogeneous material) k., = 1 and com-
pressive strength of rock mass coincides with strength of
structural elements (samples). At 1 — oo (unlimited in-
creasing of an inhomogeneity degree) structural factor
asymptotically tends to zero (Fig. 1).

The value of probability p,, depends on required
reliability of the designed object. The variation n
characterizes the degree of rock mass inhomogeneity
on a micro-level. To consider rock heterogeneity on a
macro-level some parameters of joints should be ac-
counted.

Statistical approach to consider the rock mass hetero-
geneity on macro level. Let r\, r, ..., r,;, be the values of
uniaxial compressive strength received by sample testing
in a standard way. Let the examined part of rock mass be
jointed and the distance between joints be /.. While pre-
paring samples some of them could be broken before
test as they contain macro defects (joints). So, some
structural elements of the rock mass do not participate
in testing, but as existing ones should be included in sta-
tistics. The compressive strength of such broken speci-
men is supposed to be equal to zero. Let #, be a number
of the broken samples which could not be tested. The
“corrected” set should include both intact and broken
samples. Thus number of elements in “corrected” set is
n = np+ n,. The relationship between statistical charac-
teristics for standard tested sample set and “corrected”
one has been established by Shashenko [8]. This rela-
tionship for initial moments of distribution is given by
formula

15)

Vi = Kivi, (16)
1
08 \Q
£ AN
506 \\\ X ~
E \\\ \\\
T oa AW ‘\\\&“\q\'
g NN\ :
LR 1 \\ \T\Q
\\ 2 N3
0 LN \ \
0 02 04 06 08

Variation, n

Fig. 1. Structural factor kc depending on variation of
strength value n:

continuous line — logarithmic normal distribution; dotted
line — normal distribution; 1 — p,, = 0.99; 2 — p,, = 0.95;
3—p,=029
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L— and /s the size of a
1+

tZO

1 n
where v, ==Y rk, K, =
n“

i=1

standard tested sample.
The deviation of the “corrected” sample set is con-
nected with initial moments of standard sample set

D'=K,v,— K2 (17)

Then the variation for the “corrected” set is given by

n’=ﬁ,7= /M(nul)—l. (18)
Vi l,

Here n is the variation of standard sample set. So we
should use (18) in expressions (13) or (15) instead of n to
account joints. The variation n’ increases when a dis-
tance between joints /, decreases. Structural factor de-
creases too, and strength of rock mass R,,, decreases re-
spectively according to equality

R, =k R. (19)

However, it should be taken into account that the
variation of standard sample set 1 (initial variation) de-
pends on joint intensity. At space between joints /,> 1.0m
the initial variation n does not exceed the value n =
= 0.1—0.25 and reflects only the presence of micro-de-
fects in a rock specimen. Reducing the joint space in the
selected sample in the range of 0.5 < /, < 1.0m results in
increase in the strength variation of tested specimen up
to standard value n = 0.3—0.4. The further joint space
reduction provides the initial variation increasing up to
1n=0.5-0.6.

Thus the variation of the “corrected” sample 1’ is a
complex function with respect to argument /,, since it
depends on 1’ indirectly, through an intermediate argu-
ment 1

n' =f(n()).

Since the intermediate argument m takes different
values at different intervals of the argument /,. altering,
the function n’ =f(n(/,)) according to (18) is a piecewise
function. Then the structural factor kc according to (15)
and (18) is represented as a piecewise monotonic graph
as well (Fig. 2).

Thus, the structural factor k. determined by (13) or
(15) together with (18) could be easily determined from
the standard uniaxial compressive strength tests and
geological data concerning the rock mass discontinuity
[9].

Correlation between GSI, RMi and the structural
factor kc values. As we mentioned above the equations
(8,9, 19) evaluate the rock mass strength involving the
factors k., kg, kjp and taking into account the rock
mass structure heterogeneity. Each of these factors is
determined based on different approach and described
by different kind of a function. But all of them provide
the similar action reducing the rock strength depend-
ing on the heterogeneity level. Structural factors k,,
kgsr and k;p are represented in Fig. 2 depending on
spacing /.

Analysis of Fig. 2 shows that the structural factor
k. (Kc1, Kc2, Kc3 lines in Fig. 2) based on statistical
approach is close to maximum values of structural
factor kgg; (KGSI (very good) line in Fig. 2) based on
Hoek’s approach. However maximum values of kg,
describe almost ideal quality of the surface conditions

0,7

A

0,6

i

/

0,5

fa

0,4

i’

0,3

i

Structural factors

0,2

o1 &

0 0,2 0,4 0,6

e (0] g (c) g3 === KGS| (very good)

0,8 1 1,2 1,4 1,6

spacing, m

== KGS| (good) =@=Kjp

Fig. 2. Structural factors k., kqs;, k;p depending on distance between joints:

Kcl — structural factor for I, < 0.5m; Kc2 — structural factor for 0.5 < [,< 1.0m; Kc3 — structural factor for I, > 1.0m; KGSI (very
good) and KGSI (good) — structural factors based on Hoek’s approach for “very good” and “good” surface conditions respectively;

Kjp — structural factor based on Palmstrom’s approach
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(conditions of discontinuities). In GSI classification
such conditions are called “very good” and described
as very rough and fresh unweathered surfaces. The
structural factor kgg calculated considering the
“good” category of surface condition in GSI classifi-
cation (KGSI (good) line in Fig. 2) is similar to struc-
tural factor k;, based on Palmstrom’s approach. The
values of these factors are significantly less than values
of kc. The fact of difference between the factors reduc-
ing the rock strength should be considered while de-
fining factor k.. In particular, conditions of disconti-
nuities should be considered as Hoek and Palmstrom
did.

The dependence between the structural factor k. and
GSI values could be established according the equation
(8) considering (5) and (6). The results of comparison
are represented in Table 2.

This table could be used to establish accordance be-
tween different classifications at geomechanical calcula-
tions. The structural factors k., kg;, k;p could be used in
terms of any rock strength and failure criteria to decrease
the rock mass strength depending on the distance be-
tween joints.

Determination of the rock stress-strain around tun-
nels in a small depth below surface is carried out in terms
of elastic strain. Such calculations involve only elastic
modulus and Poisson ratio [10]. In this case, defining
the rock elastic characteristics should be done taking
into account heterogeneity of rocks as well. This could
be carried out using rating classification systems or the
structural factor calculated considering discontinuity
characteristics.

Conclusions.

1. Analysis of rock mass rating classifications shows
great attention of researchers aimed at rock mass het-
erogeneity accounting (in particular, influence of natu-
ral joints). Discontinuities primarily affect the rock mass
strength that differs from the strength of a sample due to
the presence of macrodefects. The article analyzes the
approaches to assess this difference using structural fac-
tors.

2. Quantitative comparison of the structural factors
based on different approaches is carried out. This allows
comparing the different classifications of rocks and con-
ducting geomechanical calculations using alternative
methods. In particular, the structural factor &, widely
used in Ukrainian regulations could be matched to in-
ternationally recognized classifications Geological
Strength Index and Rock Mass Index. This allows
adapting internationally recognized methods and nu-
merical simulation software for the design of excava-
tions under condition of Ukrainian coal mines.

3. The study of various classifications shows that the
conditions of discontinuities and the type of filler be-

tween joints have significant influence on mechanical
properties of rock mass.

4. Analysis of the plot in Fig. 2 shows the need to
consider the discontinuity surface conditions while de-
fining structural factor k..
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Merta. BcraHOBIEHHST 3aJIeXXHOCTI (3B’SI3KY) MixX
KoeilliEHTOM CTPYKTYpPHOTO IIOC/Ia0JeHHSI Ta peii-
TUHIOBUMU MOKaXXUYMKAMM CTiKOCTI TipChbKUX IIOpi,
1110 BUKOPUCTOBYIOThCSI Y CBITOBIill MpaKTUlli reoMexa-
HiKM. AgjanTauis TeoJOTiYHOTO iHAEKCY MIiIlHOCTI
(GSI) Ta ingekcy MmacuBy ripcbkux nopin (RMi) mo re-

Table 2

Correlation between GSI and the structural factor &,

GSI 100 95 90 85 80 75

70 65 60 55 50 45 40

k. 1.00 0.76 0.57 0.43 0.33 0.25

0.19 0.14 0.11 0.08 0.06 0.05 0.04
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OJIOTIYHMX YMOB BYTIJIbHUX IIaXT YKpaiHU Ta Kjaacudi-
Kallili, 110 BUKOPUCTOBYIOThCSI Y MPAKTUL BiTYU3HSI-
HOTO MIPOCKTYBaHHSI.

Mertoauka. [IpoaHanizoBaHi OCHOBHI BIiTYUM3HSIHI Ta
3apyO0ixHi Kiacugikaiii ripcbkux nopin. [TokasaHi re-
peBaru Ta HeIOJiKU PeATMHIroBUX Kjacuikalliii Ma-
CUBY TipCBKUX TMOPiJ, 110 IIMPOKO BUKOPUCTOBYIOTHCS
y MPaKkTULli CBITOBOTO MPOEKTYBaHHS MiA3€MHUX CIIO-
pya. BukopucraHa cTaTUCTUYHA TeOPist MilLIHOCTI ISt
BU3HAUYEHHsI Koe(illieHTa CTPYKTYpHOIo MmocjiadieH-
H$1, 1110 AO3BOJISIE BPAaXOBYBATU MacIUTaOHUI edeKT y
TipChKUX MOPOAAX, BCTAHOBJIEHO CITiBBiTHOLIEHHS MiX
Koe(DiLliEHTOM CTPYKTYPHOTIO IOCJIabieHHSsT Ta Koedi-
Li€HTaMM, 110 3MEHIIYIOTh PO3PAaXyHKOBY MIilIHICTb
MOPOAHOIO MacuBY, OJep>KaHMMHU Ha OCHOBI MiAXOMIiB
Xoka-bpayna ta [lanmcrpoma.

Pe3ynbTaT. BukoHaHe criBcTaBieHHs KoedillieH-
TiB, 1110 HAOJMXKAIOTh JaOOPATOPHi OLIIHKY MilIHOCTI 10
MIITHOCTi peajJbHOro IMOPOIHOTO MacUBY, SIKi olepXKaHi
Ha 0a3i pi3HMX MiAXOMiB 10 BpaxyBaHHs MacIITAOHOTO
edexTy, 1110 T03BOJIsIE BUKOHYBATH MEPeXia MixX pi3HU-
MU KiacudikalisMyd TipCbKUX TOPiJ Ta MPOBOAUTH
reoMeXaHiuHi po3paxyHKU Ha OCHOBI Pi3HUX MiAXOMIIB.
BcraHoBiieHa BiilOBiIHICTb MixK KOE(illiEHTOM CTPYK-
TYPHOTO MOCJIa0JIEHHS Ta TeOJIOTIYHUM 1HAEKCOM Mill-
HocTi (GSI), 10 € HEOOXiTHOIO XapaKTePUCTUKOIO y3a-
raJbHEHOro KpuUTepilo MillHOCTI XoKa-bpayHa, sSkuit
TIO3BOJISIE BPaXOBYBaTHM HEOMHOPIAHICTh ITOPOTHOTO
MAacHuBY.

HaykoBa HoBHM3HA. YTIeplle 1oBeeHa HEOOXiTHICTh
MPEICTaBAATU KOeMilliEHT CTPYKTYPHOIO IOCIabIeH-
HSl Yy BUIJISIAI KyCKOBO-HemepepBHOi (byHKuii. Bera-
HOBJICHO CITiBBIIHOIIEHHS MiX KOedilliEHTOM CTPYK-
TYPHOTO MOCJa0JeHHS Ta F€OJOTIYHUM iHAEKCOM Mill-
HocTi. BkazaHa HEOOXiTHICTh ypaxyBaHHS BIUIUBY CTa-
HY TTOBEPXHi TPilllMH HA 3HaYEHHS KOeilliEHTY CTPYK-
TYPHOTO TIOCTTA0JICHHS.

IIpakTrana 3HaunMicTh. CIIiBBiTHOIIIEHHS MiX KOe-
(illieHTOM CTPYKTYpHOTO MOCIA0JICHHS Ta T€OJIOTid-
HUM iHAEKCOM MIITHOCTi JO3BOJIMJIO PO3POOUTH METO-
IUKYy BUKopuctaHHs knacudikauii GSI ta kpurepito
MinHocTi Xoka-bpayHa npu MpoeKTyBaHHI MiI3eMHUX
BUPOOOK B YMOBAX LIAaXT YKpaiHU.

KmouoBi cioBa: xaacugikayia eipcokux nopio, cma-
mucmuuHa meopis MiyHocmi, KoepiyicHm cmpyKmypHo-
20 nocaabnents, eeono2iMHuUl IHOeKC MIYHOCMI

Heab. YcTaHOBIEHUE 3aBUCUMOCTH (CBSI3U) MEXILY
K03 ULUEHTOM CTPYKTYPHOTO OCIa0JIeHUSI U Hau-
0oJlee MCITOJB3YEMBIMM 3a PYOEKOM PEUTHMHTOBBIMU
MoKa3aTeIsIMU YCTOMYMBOCTY TOPHBIX ITOPOI. AmamnTa-
1S TeoJornyeckoro nHaekca npoyHoctu (GSI) u nH-
JIeKca MaccuBa ropHbix mopon (RMi) K reosiornyeckum
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YCIIOBUSIM YTOJBHBIX IIaXT YKpPaWHbBI U KilacCHpUKa-
LIUSIM, WCIIOJIB3YeMBbIM B TIPAKTHKE OTECYSCTBEHHOTO
MIPOEKTUPOBAHUSI.

Metomuka. [IpoaHanu3upoBaHbl OCHOBHBIE OTeUe-
CTBEHHBIC 1 3apyOekHbIe KJIacCU(UKAIIUY TOPHBIX MO~
pon. IlokaszaHbl mpeuMylllecTBa M HEIOCTAaTKU peil-
TUHTOBBIX KJlacCU(UKalMii MaccuBa TOPHBIX MOPO,
IIMPOKO MCTIOJIb3YEMbIX B PAKTUKE MUPOBOTO MPOEK-
TUPOBAHMS MOA3EMHBIX coopyxxeHMil. Mcronbp3oBaHa
CTaTUCTUYECKAsT TEOPHUsI IPOYHOCTH TSI OTIpENeICHUS
Koa(pulIMeHTa CTPYKTYPHOTO OCIa0JeHMsI, TO3BOJIS -
IOILIETO YYECTh MACIITaOHBIN (P PEKT B TOPHBIX MTOPO-
IIaX, YCTAHOBJICHO COOTBETCTBHE MEXKIY KO3 duiimeH-
TOM CTPYKTYPHOTO OCJIa0JeHMST U KO3(hPUIIMeHTaMU,
YMEHBIIIAIOIIUMU PACYETHYIO IMPOYHOCTH MOPOTHOIO
MaccuBa, MOJYYCHHBIMI Ha OCHOBE ITOAXOIOB XOKa-
Bbpayna u ITanmcTpoma.

Pe3ynbTatbl. BrinmosHeHO comocTaBieHUEe Kodah-
(GUUMEHTOB, TPUOIMKAIOIIMX Ja00paTOPHbIE OLIEHKU
MPOYHOCTU K MTPOYHOCTU PEaTbHOTO MTOPOTHOIO Mac-
CHBa, TIOJIyYeHHBIX Ha OCHOBE Pa3JIMYHbBIX TTOIXO/I0B K
yyeTy MaciitabHoro 3gdekra, 4yTo IMO3BOJSIET OCY-
HIECTBIISITH TIEPEXOI MEXIy pa3IMYHBIMU Kiiaccudu-
KallisIMU TOPHBIX TTOPOJ, U BHITIOJIHSTH TeOMEXaHnve-
CKHME pacyeThl Ha OCHOBE PA3IMYHBIX ITOIXOIOB. YCTa-
HOBJICHO COOTBETCTBUE MeEXITy Ko3a(pduimeHToM
CTPYKTYPHOTO OCJa0JICHUS U TeOJOTMIeCKUM MHACK-
coM rmpoyHocTtu (GSI), KOTOpkIii ABIsIeTCS HEOOXOI M-
MOt XapaKTepUCTUKOI 0000ILIEHHOTO KpUTEPHSI IMPOY-
Hoctu Xoka-bpayHa, mo3BoJsionieil yuuThiBaTh He-
OIHOPOJHOCTb ITOPOTHOTO MAacCHBA.

Hayuynas noBusHa. BriepBble nokazaHa HEOOXOaM-
MOCTb paccMaTpuBaTh KO3(MOUIIMEHT CTPYKTYPHOTO
ocJIabJieHusT KaK KyCOYHO-HEIPEPBhIBHYIO (DYHKIIMIO.
YCTaHOBIIEHO COOTBETCTBUE MEXIy KOd(hhUIIMmeHTOM
CTPYKTYPHOTO OCJA0JICHUS U TeOJJOTMIeCKUM MHOCK-
COM IIPOYHOCTH. YKa3aHa HeOOXOIUMOCTD YIeTa BT -
HHUS COCTOSIHMSI TTIOBEPXHOCTHM TPEIIWH Ha 3HAUYCHUE
Ko3(pUILIMEeHTa CTPYKTYPHOTO OCIa0IeHUS.

IIpakTHyeckas 3HaYMMOCTb. COOTBETCTBUE MEXKIY
KO3 ULIMEHTOM CTPYKTYPHOT'O OCJIa0JIeHUs U Te0JI0-
TMYECKUM MHAEKCOM ITPOYHOCTH MO3BOJIMIIO pa3padbo-
TaTh METOAMKY MCIOJb30BaHUs Kiaaccudukauum GSI
1 KPpUTEpHUS MMPOYHOCTH XoKa-bpayHa mpu mpoekTh-
pPOBAaHMM TIOJ3EMHBIX BBIPAOOTOK B YCJIOBHUSX IIAXT
VYKpauHBblI.

KmoueBble cioBa: xaaccuguxauus eopHbIX Nopoo,
cmamucmu4eckas meopusi NPoYHOCMU, Ko3g@uuyuerm
CMPYKMYPHO20 0CAA0ACHUS, 2e0102UMECK UL UHOCKC NPOY-
Hocmu
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