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Purpose. The purpose of research of the presented scientific publication is to establish the regu-
larity of changes in the generalized coefficient of strength reduction of disturbed rock massif depend-
ing on the degree of rock fracturing.

Research methodology. To solve the set tasks we applied a complex approach, which consists
in the analysis and generalization of previous studies on the study of the change in the strength of the
rock massif depending on the degree of fracturing, scientific and technical justification of the possi-
bility of generalizing the studied strength indicators of the disturbed massif, approximation of graphs
of the change in the structural weakening coefficient, RQD and RMR depending on the fracture mod-
ulus.

Research results. Scientific data of domestic scientists on determining the value of the structural
weakening coefficient depending on the factors affecting the overall strength of the rock massif, and
foreign scientists on establishing indicators of the state of disturbed rock massifs have been analyzed.

To summarize the results of the presented assessment methods, the changes in the structural
weakening coefficient, RQD and RMR indices depending on the fracture modulus of the rock massif
are combined in one graph. Alignment of the mentioned graphical dependences showed the identical
character of their changes. The curve of approximation (trend) for graphical dependences of the
structural weakening coefficient, RQD and RMR on the fracture modulus, which can be described by
a polynomial of the 3rd degree, has been obtained and the value of approximation reliability R>=
0.8975 has been established.

Scientific novelty. The idea of methods and indicators for assessing the state of disturbance of
rock massifs depending on various factors has been developed. The analytical dependence of the
change of the generalized coefficient of strength reduction of a rocky rock massif on the fracture
modulus has been obtained.

Practical significance. The established influence of rock fracture modulus on the degree of
strength reduction of rock massif allows to determine reliable data on the condition of ledges and
sides of the quarry and to develop organizational and technical measures for further development of
technology of their mining.

Keywords: rock massif, structural weakening coefficient, fracturing, rock, strength, strength
limit, rock massif disturbance index, fracture modulus.
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Introduction. For effective operation of a mining enterprise it is necessary that
all technological processes of rock preparation for excavation are performed on the
basis of reliable data on the properties and condition of the rock massif. However, it is
known that physical and mechanical properties of the rock in the sample and in the
rock massif can differ significantly [1-3]. Therefore, for the reasonable use of the re-
sults of laboratory determination of rock strength, it is necessary to take into account
the influence of humidity, rock pressure, scale effect, disturbance and fracturing of the
rock massif and other factors [4, 5]. In view of this, one of the main tasks of scientists
Is to transfer the results of laboratory tests of rock samples of small sizes to large areas
of the massif of complex structural structure as reliably as possible.

It should also be noted that the rock massif in each individual case has its own
structure. It contains natural and artificial fractures with different degrees of opening
and different materials that fill them, different degrees of water content, etc. The struc-
ture of the rock massif has its own structure. Consequently, there is always a spatial
heterogeneity of the rock massif structure, which enhances the differences between its
strength characteristics and those of its constituent rocks. To assess the magnitude of
this difference, the concept of the coefficient of structural weakening of the massif
(CSW) was introduced [6, 7].

So, research on improving the methodology for determining the coefficient of
structural weakening and other criteria of strength reduction depending on the factors
affecting the characteristics of the rock massif is relevant and represents an important
scientific and technical task.

Analysis of recent research and publications. In general geomechanics ex-
presses the structural weakening coefficient as the ratio of the value of the specific
strength of the rock massif to the value of the rock strength, which was obtained from
the results of laboratory tests of the sample.

Usually, the formula for determining the coefficient of structural weakening is
represented by the ratio of the uniaxial compressive strength of rocks in the massif to
the uniaxial strength of the rock sample, established by the results of laboratory tests
[6, 7]. However, when investigating the identity of the indicators (parameters) of the
empirical Hoek-Brown strength criterion [8] to the structural weakening coefficient,
scientists came to the conclusion that the CSW can also be represented by the ratio of
the tensile strength of rocks in a rock massif to the tensile strength of a laboratory
sample. In addition, the scientific literature indicates that the CSW can also be defined
by the ratio of the rock cohesion in the rock mass to the rock cohesion in the rock
sample.

Thus, in essence, the coefficient of structural weakening characterizes the associ-
ated level of ultimate stresses and stress state parameters of a rock massif depending
on the rocks that compose it.

In an ideal rock massif (without cracks, anisotropy, cleavage and other factors
affecting strength reduction) the value of CSW is equal to 1. Since an ideal rock massif
does not exist in nature, the numerical values of CSW are always less than 1. Depend-
ing on conditions, the lower limit of its variation can reach 0,1 and even less. A con-
siderable number of scientists have been engaged in determining the numerical values
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of this coefficient. Factors affecting it have been established, formulas for its calcula-
tion have been obtained, graphical dependencies for determining the CSW have been
constructed and normative and reference documentation has been approved.

The scientific publication [2] analyzes the factors that can affect the strength of
the massif. As the authors note, the main of them are: the fracturing of the massif;
different strength of individual structural blocks; their shape; the ratio of linear dimen-
sions of these blocks; the presence of additional cracks in the rock massif, intersecting
the main cracks at an angle of 40-45°; the mutual location of structural blocks in neigh-
boring layers; the direction of the main stress on the rock massif under the action of
external load; the nature of filling cracks with natural inclusions. It is also noted that in
the overwhelming majority of formulas for determining the CSW the degree of frac-
turing of the rock massif is used as the main indicator. And only a small group of stud-
ies additionally take into account one or more of the above-mentioned factors, in par-
ticular, the angle of dip of the main natural cracks, the minimum size of the rock struc-
tural block in the massif, etc. [2].

There are other opinions, in particular, Prof. G.G. Litvinsky states that the uniaxial
compressive strength of a rock massif changes sharply depending on the orientation in
space of weakening surfaces compared to the strength of the specimen. This means that
taking into account the reduction in the strength of the massif only by CSW is unac-
ceptable and should be replaced by more reasonable approaches [9].

In foreign studies there is no term "structural weakening coefficient", but scien-
tific research in the direction of studying and establishing the real strength properties
of the rock massif is carried out thoroughly and at a high scientific level. In particular,
in [10] a rock mass state indicator RMR (Rock Mass Rating) is proposed, and in [11]
arock quality indicator RQD (Rock Quality Designation) is proposed, which in essence
are analogs of CSW. Also, to assess the state of a rock massif, researchers in [12] sug-
gest using the rock mass index RMi (Rock Mass index), which was developed to char-
acterize the strength of rocks. The criterion of transition from the strength of a rock
sample to the strength of a rock massif according to the method of Hoek-Brown [13]
and some others are also known. For most of these parameters, numerical values de-
pending on the state of the rock massif have been established or formulas for their
calculation have been proposed. It should be noted that the main parameter for their
determination is the modulus (degree) of fracturing of the massif.

Formulation of the research purpose. The performed analysis of the state of rock
massif strength shows that the main factor for determining the coefficient of structural
weakening and its foreign analogs is the index of rock fracturing. Thus, based on the
analysis of the latest scientific publications on the issues of studying the weakening of
the strength of natural rock massif in comparison with the strength of a laboratory rock
sample, the purpose of the research is formulated, which consists in generalizing the
above-mentioned studies and establishing the regularity of changes in the generalized
strength reduction coefficient of disturbed rock massif depending on the degree of rock
fracturing.

Presentation of the main material. In the article [14] it was proposed to divide all
scientific studies on determining the CSW of a rock massif and their foreign analogs
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into three groups. The first group includes data from tables and graphs on the determi-
nation of CSW depending on the parameters of rock massif fracturing. The second
group of studies is proposed to be formed from publications that provide analytical
calculation formulas for determining the CSW based only on the fracture modulus of
the rock massif. The third group includes studies that propose to determine CSW by
analytical expressions that take into account, in addition to fracturing, other factors of
influence on the strength of the massif.

The first group includes, first of all, normative documentation and reference books,
in which CSW is determined by the average distance between cracks in rocky rocks
based on the data of engineering-geological surveys (Table 1) [14].

Table 1
Value of the coefficient of structural weakening of the rock massif K

Average distance between cracks in rocks, m | Specific fracturing, m K
more than 1,5 less than 0,65 0,9

1,5...1,0 0,65...1,0 0,8

1,0...0,5 1,0...2,0 0,6

0,5...0,1 2,0...10,0 0,4

less than 0,1 more than 10 0,2

Also, depending on the type of disturbance of the rock massif, researchers
L.M. Erofeev and L.A. Miroshnikova recommend to take values of the structural weak-
ening coefficient, which are induced in Table 2.

Table 2
Coefficient of structural weakening of the rock mass K
Type of rock mass Medium Strongly Geological
disturbance Weakly fractured fractured fractured |disturbance zones
Specific 0,65..1,0 | 1,0..20 | 2,0...10,0 | morethan 10
fracturing, m
Coefficient of
structural 0,8 0,5 0,4...0,3 0,2...0,1

weakening K

In the book "Scientific bases of quarry design™ scientists note that the strength char-
acteristics of rock massifs are mainly determined by the disturbance of rock and its
weakening by fractures. In this case, the CSW of the massif for rocks of different frac-
turing can be determined by the data in Table 3.
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Table 3
Value of the structural weakening coefficient of rocks of different fractures

Coefficient of structural
Degree of N : weakening
fragturing Characterization of cracking The limits of | Average
change value
1 D_ense mesh in all directions, uncemented 0.00...001 0,0005
pieces
2 Dense mesh of visible cracks in all directions | 0,001...0,020 | 0,005
3 Dense fracturing 0,01...0,04 0,02
4 Above average fracturing 0,04...0,09 0,06
5 Average fracture after 20-30 cm 0,09...0,12 0,10
6 Below average fracturing 0,12...0,30 0,20
7 Mesh of deep fractures at 30-50 cm intervals 0,30...0,40 0,35
8 Low fractured rocks and closed fractures 0,40...0,60 0,40
9 Micro fractures are practically absent 0,60...0,80 0,70
10 Monolithic rocks without fractures 0,8...1,0 0,90

The recommendations of the "Instruction on design of capital mine workings fas-
tening..." should also be referred to the first group. Based on the analysis of field meas-
urements there is a graph of dependence of CSW of the rock massif on its fracture
modulus, i.e. the number of cracks in the massif per one meter of the length of the rock
massif (Fig. 1).
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Fig. 1. Value of the structural weakening coefficient K depending on the fracture
modulus of the rock massif K
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Among empirical (analytical) formulas for determining the numerical value of
CSW K, depending on the degree (modulus) of massif fracturing in Ukraine, the Sa-
kurai formula is the best known (second group of studies):

0,85
(1)

Ke=015+——"">
0,15K ¢ +1

where K is the modulus of fracture.
A.M. Shashenko, a well-known scientist in the field of geomechanics, proposed
the following expression to calculate the structural weakening coefficient:
0,7+0,8(1-V,) )
c= ) ( )
1,25(0,2J ¢ +1)

where Vs is the coefficient of variation of individual values of rock strength in labora-
tory tests: varies from 0 to 0.5; J; is the fracture modulus of the rock massif.

The scientific publication [14] also provides a formula for calculating CSW for
rocky rock massifs in coal regions:

Ks =0,8—0,29InW +0,01In’W, (3)

where W is the fracture modulus, which is defined as the number of cracks per unit
length (W=1/l;, where I; is the average distance between cracks).

In the same publication the dependence for determining the values of structural
weakening coefficient for rock massifs of Kazakhstan is given:

1
Ks = W ) (4)

;
where J; is the modulus of fracture.

However, as can be seen, formula (7) loses its meaning for continuous monolithic
massifs when the fracture modulus J; =0, as well as for rock massifs when the structural
weakening coefficient is equal to one in the presence of cracks (J; =1).

Outside Ukraine, the state of disturbance of rock massifs is assessed by other in-
dicators. In many cases they are similar to the structural weakening coefficient. In par-
ticular, in the U.S., the methodology for assessing the fracturing of a rock massif by
the rock quality index RQD (Rock Quality Designation) [4] is used, which is deter-
mined by the following formula

RQD=2Z [Z'Ej : (5)

where Z is the value of core yield, %; 2l; is the total length of undisturbed core pieces
with a length of at least 10 cm; L is the length of the investigated well interval, cm.

In [11] tabulated data of RQD index depending on the quality of rock massif (nat-
ural fracturing), which corresponds to our category of fracturing (Table 4).
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Table 4
Relationship between RQD and rock mass quality

Massif quality Very poor | Poor | Satisfactory | Good Perfect

Average distance be- | o< than0,1] 0,105 | 05-1,0 | 1,0-15 | morethan 15
tween fractures, m

RQD, % less than 25 | 25-50 50-75 75-90 90-100

The classification of rock massif by RMR (Rock Mass Rating) is also known. In
[10], the values of RMR depending on the classification of the rock massif are given
(Table 5). As can be seen from the tabular data, the rock massif is also divided into five
classes, as well as the classification of rocks by the degree of fracturing in Ukraine.
This suggests that the RMR values have a similarity with CSW [15].

Table 5
Classification of rock massif based on RMR value
Value RMR, % 100-81 80-61 6041 40-21 20-0
Class of r_ock mas- | I i Y v
sif
Classification very good good | satisfactory | bad very bad

It should be noted that there are some studies that indicate the inaccuracy of de-
termining Ks only on the basis of the fracture index and additional factors (the third
group of scientific studies) should also be taken into account [14, 15]. These include
the orientation of cracks in the space of the array, the degree of crack opening, the
material of filling the fracture space, cohesion at the contacts of individual pieces of
rock, the scale effect (the size of the massif under study), the water content of the mas-
sif, etc. The results of the studies of these scientists allow us to increase the accuracy
of determining Kc only on the basis of the fracture index. Indeed, the results of the
studies of these scientists can improve the accuracy and reality of assessing the state of
the disturbed rock massif, but it greatly complicates the research itself and significantly
increases their duration.

So, consideration of various methods of establishing CSW and indicators of as-
sessing the state of disturbed rock massif shows that their essence both in Ukraine and
abroad is the same. In order to summarize the results of the presented methods of as-
sessment, the graphs of changes in CSW and indicators of assessment of the state of
disturbance of the massif RQD and RMR depending on the fracture modulus were
combined on one graph (Fig. 2). RQD and RMR are presented in relative units.

As can be seen, Fig. 2 are presented studies on CSW of the first and second
groups, because only in them it is possible to distinguish the dependence K, = f(Kjy).
For the formula (5) the coefficient of variation of rock strength is taken Vs = 0,3125,
because at it Ks = 1, if the fracture modulus is J; = 0.
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From all the graphs presented in Fig. 3 graphs, the dependence plotted by formula
(7) is significantly different from all the others. In addition, as it was noted earlier, it
loses its meaning at fracture modulus J; =0. Therefore, in the following, the graphical
dependence of formula (7) is excluded from consideration. For all other graphical de-
pendences of CSW, RQD and RMR on fracture modulus, an approximation (trend)
curve was constructed (see Fig. 3) and the value of approximation reliability R? was
established.

After analyzing the graphs of changes in the structural weakening coefficient and
indicators of evaluation of the state of disturbance of the rock massif from the fracture
modulus, approximation of the indicators was carried out and a graph was obtained,
which can be described by a polynomial of the 3rd degree:

Ko =1-0,2021K; + 0,0203K7 — 0,0007K?, (6)

where K is the generalized coefficient of reduction of rock mass strength.

The value of reliability of approximation is as follows R? = 0,8975.

Conclusions. The analysis of previous scientific studies has shown that the struc-
tural weakening coefficient characterizes the associated level of ultimate stresses and
stress state parameters of a rock massif depending on the type of rocks that compose it.

The article summarizes the data of scientists on determining the value of the struc-
tural weakening coefficient depending on the fracture modulus. A detailed analysis of
foreign studies on establishing the state of disturbance of rock massifs is performed.
For RQD and RMR indices their tabular data depending on the quality of rock massif
state (natural fracturing) are given.

The analysis of the presented methods of establishing CSW and foreign indicators
of assessing the state of disturbance of the rock massif (RQD and RMR), showed that
their essence is the same. Therefore, in order to generalize the results of the presented
methods of assessment, the graphical dependencies of the Ks coefficient and RQD and
RMR indicators depending on the fracture modulus of the rock massif are combined in
one graph. Alignment of these graphical dependencies shows that the nature of their
change is the same.

An approximation (trend) curve was constructed for the graphs of the depend-
ences of CSW, RQD and RMR on the fracture modulus of the rock massif. It can be
described by a polynomial of the 3rd degree. The value of approximation reliability
R? =0.8975 was also established.

According to the results of approximation it is proposed to introduce a generalized
coefficient of reduction of strength of rock massif K instead of the coefficient of struc-
tural weakening Ks, the indicator of rock quality RQD and the indicator of the state of
disturbance of rock massif RMR. At the same time, it should be taken into account that
the calculation formula for its determination may change over time due to the improve-
ment and addition of new strength indicators.

Therefore, further research will be aimed at improving the presented dependence
for determining the coefficient of strength reduction of rock massif K, and at integrat-
ing this indicator into the process of calculating the parameters of rock massif fracture
under the action of dynamic loads.
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AHOTANIA
MeTta. MeToro T0CIiKEHb MPEeCTaBICHOT HAYKOBOT IMyOJIiKaIlii € BCTAHOBJIEHHS 3aKOHOMIPHOCTI
3MiHH y3araJbHEHOro Koe(ilieHTa 3HIKEHHSI MIIIHOCTI MMOPYIIEHOT0 TIPHUYOT0 MacHBY 3aJI€KHO BiJl
CTYIICHS TPIIIUHYBATOCTI CKEIBLHUX TIOPII.

MeToauxka aocjiakeHnsi. /7 po3B'si3aHHs MOCTABJICHUX 3aBJaHb 3aCTOCOBAHO KOMIUICKCHUH ITi/I-
X1/, IO TOJIATaEe B aHAIi3l Ta y3arajdbHEHHI MOMEPEIHIX JOCHIIKCHb 3 BUBUYCHHS 3MIHH MIIIHOCTI
CKEJIbHOT'O MacCUBY 3aJICKHO BiJ] CTyIIEHS TPIIIMHYBATOCT1, HAYKOBO-TEXHIYHOMY OOIPYHTYBaHHI MO-
KIJIMBOCTI y3arajabHEHHS JTOCIIKYBaHUX MMOKA3HUKIB MIITHOCTI MOPYIIEHOTO MacHUBY, allpOKCUMAITi1
rpadikiB 3mMiHu KoedirieHTa cTpykTypHOTO ocimabdnaenHs, RQD i RMR 3anexHo Bijg Moaysst Tpimiu-
HYBAaTOCTI.

PesyabTaTi nociigxenns. [IpoaHanizoBaHO HAyKOBI JaHi BITYM3HSHUX HAYKOBI[IB IOJI0 BU3HA-
YEHHS 3HAYCHHSI KOeiIli€EHTa CTPYKTYPHOTO OCJIa0ICHHS 3aJIe)KHO BiJl YNHHUKIB, K1 BIUTMBAIOTh HA
3arajibHy MIIHICTh TIpHUYOTO MACHBY, Ta 3apyOiKHMX HAYKOBIIIB I[0JI0 BCTAHOBJICHHS MOKA3HUKIB
CTaHy MOPYUICHOCTI TipHUYMX MacuBiB. J[JIsl y3arajabHEHHS PE3yJbTaTiB MPEACTABICHUX METOJIB
OLIIHIOBAaHHS, HA OJIHOMY TpadiKy MO€IHAHO 3MiHM KOe]ilieHTa CTPYKTYPHOTO OCJIa0JICHHSI, TOKa3-
HukiB RQD ta RMR, 3anexHo BiJ MOZYJIS TPIIIMHYBATOCTI CKENIbHOTO MAacUBY Tipchkux nopif. [o-
€THAHHS 3a3HAYCHHUX TpadiuHUX 3aJEKHOCTEH 3aCBIMYMIO IIEHTUYHICTh XapakTepy iXHBOI 3MiHH.
OTpumMaHO KpUBY anpokcuMariii (Tpenay) Ay rpadiuHux 3anekHocTel koedilieHTa CTpyKTypPHOTO
ociabnenns, RQD i RMR Bix Moayns TpilinHyBaTOCTI, SIKY MOYKHA OIMCATH TIOJIHOMOM 3-TO CTY-
TIeHSI, 1 BCTAHOBJICHO 3HAYCHHS BEJIMYMHHU JOCTOBIPHOCTI anpokcumaitii R= 0,8975.

HaykoBa HoBH3HA. PO3BUHYTO YSIBICHHS PO METOJU Ta MOKA3HUKH OI[IHKH CTaHY MOPYIICHOCTI
TipCHKUX MAacCHBIB 3aJI€KHO BiJ Pi3HUX YMHHUKIB. OTpUMaHO aHATITUYHY 3aJIKHICTh 3MIHHU y3ara-
JBHEHOTO0 Koe(illieHTa 3HIKEHHS MIITHOCTI CKEIBHOT0 T1PCHKOr0 MacHUBY BiJl MOAYJIS TPIIIMHYBATO-
CTi.

IIpakTnuHe 3Ha4YeHHs1. BcTaHOBIIEHUH BIUIMB MOJTYJISl TPILIMHYBATOCT] CKEJILHUX MOP1J HA CTYIIHb
3HMKEHHS MIITHOCTI TIPHUYOI'0 MacHUBY Ja€ 3MOTY BU3HAUUTH JOCTOBIPHI J1aHi I110/10 CTaHy YCTYIIB
1 60pTIB Kap'epa Ta po3pOOUTH OpraHi3alliiHO-TEXHIYHI 3aX0H 100 OATBIIIOT0 PO3pOOIEHHS Te-

XHOJIOTII IX BIAIIPAIfOBaHHS.
Knrwouoei cnosa: zipcvkuil macug, koegiyicum cmpykmypHo20 0C1a0NeHHs, MPIWUHY8amicms, cKe-

JIbHA NOpo0a, MIYHICMb, MeHCa MIYHOCMI, NOKA3HUK NOPYUEHOCMI 2IPCbKO20 MACU8Y, MOOYTb mMpi-
WUHYBAMOCMI.
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