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ABSTRACT

Since open-pit mining operations on the elements of development systems have areas with
dynamically changing stresses and deformations of the rock mass, the stress-strain state of the
array around the sides of the quarry is considered. The objective of the research is to determine
the parameters of the stress-strain state of the array that affect the stability of the sides of the
quarry. Studies are conducted to determine the parameters of the stress-strain rock mass around
the sides of the quarry. A mathematical model has been developed for determining the factors
affecting the stability of the sides of the quarry. A multifactorial mathematical model of the
stability of the sides of the quarry from mining geological and mining technical factors was
obtained, taking into account the creep of the rock mass of the sides of the quarry. According to
the formula obtained for the multidimensional model, it is possible to find a set of factors affecting
the stability of the sides of the quarry. The obtained dependence makes it possible to determine
the desired value from the known values of the factors.
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Introduction

The rapid development of computer technology
and its implementation in almost all spheres of life
has led to the fact that today a competent specialist
in any field of knowledge should be well-versed in
the world of computers and possess the necessary
software tools. A modern engineer is not successful
without knowledge of computer-aided design and
analysis systems. The introduction, in this regard, of
automated calculations based on mathematical
modeling allows for a comprehensive analysis and
optimization of object parameters.

The experience of implementing such systems
shows the need to use effective numerical methods
and flexible software that implements the solution
of various tasks. The most commonly used numerical
method is the finite element method (FEM). The use

of such programs helps project organizations to
shorten the development cycle. The finite element
method is used in solving a wide variety of problems
of mathematical physics and engineering, in
particular, in the presented work, the FEM is used to
study the stress-strain state (SSS) of the rock mass
around the sides of the quarry in order to predict the
stability of the instrument arrays [[1], [2], [5], [6], [7],
(8], [9], [10]].

Research analysis

The design scheme of the modeling object is
constructed, a mathematical model and regression
dependences of the studied parameters are
obtained.

An array of rocks is a complex physical
environment with a number of specific features that
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Figure 1. Calculation scheme of the problem

largely determine its mechanical state. Therefore,
for a mathematical description of the processes
occurring in the array, when developing methods for
calculating the stability of slopes, they are forced to
resort to schematization of the phenomena and
properties of the rock mass under consideration.
The side of the quarry, as a man-made structure, is
the main supporting technological element in the
open-pit development of deposits. The objective of
the research is to determine the parameters of the
stress-strain (SSS) array that affect the stability of
the sides of the quarry. The vertical section of the
array around the ledges is considered. A rectangular
plane in a plane-deformed state, which is divided by
a grid of triangular elements with appropriate
boundary conditions, is chosen as the design scheme
(Fig. 1).

In the design scheme, g is the load acting on
the transport berm;

An unconventional method of constructing
multidimensional mathematical models is used to
process studies on determining the VAT of a rock
mass, in particular, to determine the stable sizes of
ledges and berms during field development [9].

In order to obtain a mathematical model of the
type y = f (X1, X2, X3, X4, Xs, Xs), Where y is the
maximum main tensile stress; x; = hy, X2 = h, X3 = hs,
X4 = V1, X5 = V2, Xg = E. 25 variants of the VAT array
have been investigated. In each variant, the problem
of determining the SSS of the FEM array was solved.

When solving the planar FEM problem, the
parameters (geotechnical factors) changed within
the following limits:

h1=10+30( m) — the height of the ledge with an
interval of 5 m;

h, = 10+18 (m) - is the width of the berm with
an interval of 2 m;

h; = 2+10 (m) is the width of the slope
projection with an interval of 2 m;

y1=1200+2000 (kr/m3) - density with an interval
of 200;

y2=2000+-3600 (kr/m3) - density with an interval
of 400;

E =10%-610%*(MMa) - is the modulus of elasticity
of rocks with an interval of 1,5¢10*

! AN3YS 5.5.1

L HMAY 29 2006
15:19:45
HODAL SOLUTION
STEP=1
SUE =1
TINE=1
e [AVG)
R3¥3=0
PowerGraphics
EFACET=1
AVRES=Hat
DME =.250388
SN =-.Z248E+07
GME =503156

-.246E+07

[ -.213E+07
| -.180E+07
| -.143E+07
| -.115E+07
| -§15730
| -486008
| -156287
| 173435
= 503156

Figure 2. Tangential stress isolines

Figure 2 shows the tangential stress isolines for
one of the options.

According to the above program, a
mathematical model has been obtained that takes
into account a complex of factors:

01™ = f(X1, X2, X3, Xa, Xs, Xe).

The maximum main voltage is selected as the
function.

With a correlation coefficient R = 0.965, a
generalized equation of the following form s
obtained:

Y(01™) = Y(ha)*Y(hs)*Y(v2)*Y(h2) + Y(E) + Y(y1)
(1)

where h; . is the height of the ledge, E — is the
modulus of elasticity, y1 — is the volume weight of
the upper layer, h; is the berm width, y, — is the
volume weight of the lower layer, hs — is the
projection of the slope.
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According to the formula (1) obtained for the
multidimensional model, it is possible to find a set of
factors affecting the stability of the sides of the
quarry.

According to this dependence, the desired value
is determined from the known values of the factors
from the following rock strength condition:

01 < 0Padm,

where o”.4m — is the allowable tensile stress
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Figure 3. The dependence of the height of the
ledge on 6Padm
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Figure 4. The dependence of the height of the ledge
on vy

Figures 3-5 show graphs of the distribution of
the dependence of the height of the ledge on various
factors. When one of these values was changed, the
values of the others were fixed. The quarry side, as
a man-made structure, is "in operation" for a long

time (more than 1 year), therefore, the conditions
for the development of the array can be attributed
to a Vviscoelastic environment with small
deformations in time of the elements of the
development systems.

To solve viscoelastic problems with small
deformations, an effective calculation method using
variable modules has been developed. It is known
[10] that the solution of linear hereditary creep is
reduced to the replacement of elastic constants by
integral operators. In mining geomechanics, the
Abel kernel §(t-t)™. Is most often used as the creep
core (operator). When using the method of variable
modules, the solution of the linear-hereditary creep
problem under constant boundary conditions is
reduced to the formulation of the elasticity theory
problem in the corresponding solution, no longer an
operator, but a function of time.
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Figure 5. The dependence of the height of the ledge
ony:

To solve viscoelastic problems with small
deformations, an effective calculation method using
variable modules has been developed. It is known
[10] that the solution of linear hereditary creep is
reduced to the replacement of elastic constants by
integral operators. In mining geomechanics, the
Abel kernel 6(t-t)“. Is most often used as the creep
core (operator). When using the method of variable
modules, the solution of the linear-hereditary creep
problem under constant boundary conditions is
reduced to the formulation of the elasticity theory
problem in the corresponding solution, no longer an
operator, but a function of time.

The work uses a time operator of the following
form:

Ec=E/ (1+Fy), (2)

where F;= 6t/ (1-a), a, & — are creep parameters,
tis time.
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The objective of the research is to determine the
parameters of the stress-strain state (SSS) of the
array, which affect the stability taking into account
creep.

Formula (1) using the method of variable
modules has the following form:

Y(0:™) =Y (ha) *Y(hs) *Y(v2) *Y(h2) +Y (E / (1+
6t/ (1-a)) + Y(va) (3)

According to the formula (3) obtained for
the multidimensional model, it is possible to find a
set of factors affecting the stability of the sides of the
quarry.
According to this dependence, the desired value
is determined by known values from the following
rock strength condition:

Thus, the research methodology makes it
possible to establish technologically necessary

ratios of elements of development systems
depending on specific conditions

Conclusions

According to the formula obtained for the
multidimensional model, it is possible to find a set of
factors affecting the stability of the sides of the
quarry. The resulting dependence makes it possible
to determine the desired value from known values.

As we can see from the results, the methodology
gives adequate answers to the tasks set.

The research methodology makes it possible to
establish technologically necessary ratios of
elements of development systems depending on

(4) specific conditions

Optimization of parameters will affect the level
of regulatory losses and ensure stability during the
extraction of reserves.

01" < 6Padm,

where o6°.qm — is the allowable tensile stress.

Thus, the mutual influence of the size of the
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When one of the factors changes, the values of
the others are fixed.
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Kapbep epHeynepiHiH aliHanacbiHAAFbI Tay XKbIHbICTaPbl MAaCCUBIHIH,
bUKYbIH ecenKke any

TyraHos C. K., TyraHosa M. C.

A.C.CarbiH08 ambiHOaFbl KaparaHObl mexHUKanblK yHUsepcumemi, KaparaHobl, KasakcmaH

TYAIHAEME

Urepy kyhenepiHiH, snemeHTTepi 6OMbIHILA alWbIK Tay-KEH KYMbICTapbl Tay KbIHbICTapbl
MaCCUBIHIH, AUHAMUKaNbIK ©3repeTiH KepHeynepi meH aedpopmaumsanapbl bap yyackenepre ve
6onFaHAbIKTAH, KapbepaiH, epHeynepi aliHanacbiHAaFbl MAaCCUBTIH KepHeyni-aedopmaumanaHfaH
KyMi KapacTbipblaagpl. 3epTreyaiH MiHAETI KapbepaiH, 60pTTapbIHbIH, TYPAKTbI/bIFbIHA 9Cep eTeTiH
MaccuBTIH, KepHeyni-gedbopmaumanaHFaH KyWiHiH, NnapameTpnepiH aHbikTay 60abin Tabblnagbl.
KapbepaiH, epHeynepi alHanacbiHAafbl Tay MblHbICTapbIHbIH, KepHeyni-aedopmauuanaHfaH
MacCCUBIHIH, NapameTp/aepiH aHbIKTay 6oMbIHLWA 3epTTeynep KenTipinreH. Kapbep epHeynepiHiH,
TYPaKTbI/bIFbIHA 3cep eTeTiH GpakTopnapapbl aHbIKTayAblH MaTemMaTUKaNblK moaeni a3ipneHai. Tay-
KEH KaHe reoNoruA/bIK KaHe Tay-KeH TeXHWKanblk dakTopnapfaH Kapbep KabbipfanapbiHbIH,
TYPaKTbI/bIFbIHbIH,  KONdaKTopabl  MaTeMaTUKasblK — MoAeni  Kapbep  KabblpFanapblHbIH,
aliHanacblHAAfbl TAy KbIHbICTAPbIHbIH, MaCcCacbiHbIH, CYCbllybIH €CKepe OTbIpbIN anbiHFaH. Ken
enwemai moaenb YwWiH anbiHFaH dopmyna 6oMbIHWA KapbepaiH, 6yinipaepiHiH, TypaKTblibIFbiHA
acep eTeTiH GpaKTopAap KUbIHTbIFbIH TabyFa 6onaabl. AnbiHFaH Tayenainik dbaktopnapablH, 6enrini
MOHZAEPIMEH KAXKeTTi MaHAI aHbIKTayFa MyMKiHAIK bepeai.

TyiliiH ce3dep: maccuB, Tay KbiHbiCTapbl, 60pT, Kemep, 6epma, Kenbey, Kapbep, KepHeyni-
AedbopmaumanaHfaH Kyi, aebopmaumsa, KepHey, OPHBIKTbINbIK, XbUTXKY, MaTeMaTUKabIK MOAeNb,
OepiKTIK WapTTapbl.
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YueT nonsyyecTn mMaccuBa ropHbIX Nopoa, BOKpyr 60pToB Kapbepa

TyraHos C.K., TyraHosa M.C.

KapazaHduHckuli mexHuveckuli yHusepcumem um. A. C. CazuHosa, 2. KapazaHoa, KasaxcmaH

AHHOTALUMUA
TaK KaK OTKpbITble ropHble paboTbl MO 31eMeHTaM CUCTEM pPa3paboTKU WMMEeKT YYacTKu C
OVHAMMYECKN M3MEHAIOLLMMMCA HaMpsaKeHUMn 1 aepopmaumamnm maccvBa TOPHbIX NOPOA,
paccMaTpuMBaeTCa HanpsasKeHHo-AedOpPMUPOBAHHOE COCTOAHME MaccMBa BOKPYr 6OPTOB Kapbepa.
Moctynuna: 08 cenmaps 2021 3afayeit ncciefoBaHWI ABAAETCA ONpeaesieHMe NapameTpoB HanpaKeHHO-4edOPMUPOBaHHOIO
PeueHsuposaHme: 14 ppespans 2022 COCTOSIHME MacCMBa, BAMAIOLME HA YCTOMYMBOCTL HOPTOB Kapbepa. MpuBoaaTca nccnegosaHmna no
MpuHATa B neyatsb: 31 mapma 2022 onpeaeneHnio NapaMmeTpoB HanpaKeHHO-4ehOPMUPOBAHHOTO MACCMBA FOPHbLIX MOPOA, BOKPYT
60pTOB Kapbepa. PaspaboTaHa maTemaTMyecKkas MoAeNb onpeaeneHns GakTopos, BANAIOLLMX Ha
ycToMuMBOCTL 6OPTOB  Kapbepa. [lonyyeHa MHOrodakTopHas MmaTemaTMyeckas MOAENb
YCTOMYMBOCTU BOPTOB Kapbepa OT FOPHOTre0NOrMYECKUX U FOPHOTEXHUYECKUX HAKTOPOB C y4ETOM
NoA3y4YecTM MaccMBa rOPHbIX NMOpog BOKpyr 60pToB Kapbepa. Mo dopmyne, noayyeHHoW ans
MHOTOMEPHOM MOAENN, MOMKHO HaWTM KOMNAEKC paKTOPOB, BAMAIOLLMX HA YCTOMYMBOCTb HOPTOB
Kapbepa. [onyyeHHas 3aBUCMMOCTb A3eT BO3MOMKHOCTb ONPEAENIUTb MO M3BECTHbIM 3HaYEHUAM
($aKTOpPOB MCKOMYIO BENNYUHY.
Kntoyesbie ca108a. MaccuB, ropHblie nopoapl, 6opT, ycTyn, 6epma, OTKOC, Kapbep, HanpaXeHHO-
aedopmmpoBaHHOe cocTosHue,  gedopmaumsa, Hanps)KeHWe, YCTOMYMBOCTb, MO/I3YYECTb,
MaTemaTMyeckas Mogenb, YCN0BUA MPOYHOCTU.

WHpopmayus o6 asmopax:

00KMOp mexHU4YecKux Hayk, npogeccop, KapazaHduHckuli mexHuyeckuli yHusepcumem umeHu
TymaHos C.K. A.C.CazuHosa, 2.KapazaHoa, Kazaxcmat. ID ORCID: 0000-0002-4773-6395. 3neKmpoHHasA nouma:

ser-tutanov@yandex.ru

maaucmp Hayk, KapazaHouHckul mexHuveckul yHusepcumem um. A. C. CaeuHosa, 2. Kapaza+oa,

Tymarosa M.C. Kasaxcmat. OPLIMZ] IDO000-0002-7905-3599 . Snexmporras nouma: mikochkat1984@mail.ru

References

[1] Evert Hoek. Practical rock Ingineering.University of Toronto. Canada. 2006;342.

[2] John Read, Peter Stacey, Guldelines for Open pit slope design, Csiro publishing, Published exccluslvely in Australia, New
Zealand and SouthAfrica by 150 Oxford Street (PO Box 1139), Collingwood VIC 3066, Australea. 2010;511.

[3]Tutanov SK, Tutanov MS, Tutanova MS. A mathematical model for determining the influence of factors on the stability of
pillars and cameras. Kompleksnoe Ispol’zovanie Mineral'nogo Syr'a = Complex Use of Mineral Resources. 2020;3(314):15-21.
https://doi.org/10.31643/2020/6445.22

[4] Fadeev A.B. Finite element method in geomechanics. Moscow: Nedra, 2008;224.

[5] Shpakov PS, Dolgonosov VN, Nagibin AA, Kaigorodova EV. Chislennoye modelirovaniye napryazhenno-deformirovannogo
sostoyaniya massiva v okrestnosti ochistnogo prostranstva v programme “Phase 2” [Numerical modeling of the stress-strain state of
the massif in the vicinity of the clearing space in the program "Phase 2"]. GIAB. 2015;9:59-66. (In Rus.).

[6] Gaofeng Song, Yoginder P Chugh, Jiachen Wang. A numerical modelling study of longwall face stability in mining thick coal
seams in China. International Journal of Mining and Mineral Engineering. 2017;8(1):35-55.

[7] Gospodarikov AP, Zatsepin MA. Matematicheskoye modelirovaniye prikladnykh zadach mekhaniki gornykh porod i massivov
[Mathematical modeling of applied problems of mechanics of rocks and massifs]. Zapiski Gornogo instituta. 2014;207:217-221. (In
Rus.).

[8] Ermekov MA, Makhov AA. Netraditsionnyy metod postroyeniya mnogomernykh modeley na EVM [Non-traditional method
of construction of many-dimensional models on a computer]. Karaganda, 1990;30 (In Rus.).

[9]Amusin BZ, Linkov AM. Primeneniye metoda peremennykh moduley v zadachakh lineyno - nasledstvennoy polzuchesti
[Application of the variable module method in linear hereditary creep problems]. In the book: Rock pressure and rock blows.
1973;180-184. (In Rus.).

[10] Xia-Ting Feng.Rock Mechanics and Engineering. — Leiden: CRC Press/BalkemaSurface and Underground Projects.
2017;5:760.



mailto:mikochkat1984@mail.ru
https://doi.org/10.31643/2020/6445.22

