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A mathematical model for determining the influence of
factors on the stability of pillars and cameras
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Abstract. This article presents the results of the research in determining the parameters of the stress-strain state
of the rock mass around pillars, cameras and factors, which affect their stability. The vertical section of cirque
around the ledges is considered as well. A flat deformed rectangular plane is divided by triangle grid with a
corresponding boundary. Boundary conditions are chosen as a calculation scheme. A multidimensional
mathematical model of the pit sides stability was obtained from the geological and mining factors. From the
obtained formula for a multidimensional model, we can determine the factors that affect the stability of pillars and
cameras. The resulting ratio makes it possible to determine the desired value.
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Introduction ) ) i
which mainly depend on natural factors - reservoir

power, depth of development, physical and
mechanical properties of rocks and ore mass. The
optimal parameters of development systems are
established on the basis of formalized laws of their
influence on the value of the adopted optimality
criterion and are adjusted taking into account
The most important parameters that restrictions on the stability factor of the stress-strain

determine the effectiveness of development state (SSS) of the surrounding array and pillars.

systems with an open treatment space are the The purpose of this study is to determine the
dimensions of the support and barrier pillars, SSS of the rock mass around pillars and chambers

The methodological substantiation of the
parameters of mineral extraction is based on
studies of the technogenic state, a feasibility study
and comparison of alternative development options
for the field with various technologically feasible
production schemes.
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depending on the depth of development and the
parameters of the adopted technological scheme.

Research analysis

The results of theoretical studies of the
VAT of the rock mass around pillars and chambers
are given, depending on the depth of development
and the parameters of the adopted technological
scheme. For research, we will take an element of an
array (square shape) with technologically formed
workings, pillars between them.

The targets between the chambers, as an
anthropogenic structure, is the main supporting
technological element of ore mining systems.
Therefore, an important task is to determine the
parameters of the stress-strain state of the array,
affecting the stability of pillars and treatment
chambers and the entire adjacent array. As the
design scheme, a rectangular plane is selected,
which is in a plane-deformed state, which is divided
by a grid of triangular elements, with the
corresponding boundary conditions (Figure 1). The
problem is solved by the finite element method
(FEM) [1].

In the design scheme, q = yH (y is the bulk
weight, H is the thickness of the overlying rock
mass) is the load acting on the boundary BC; At the
boundaries of AB and CD there is no horizontal,
vertical displacement sat AD. To process studies to
determine the SSS of a rock mass, in particular, to
determine the stable sizes of supporting pillars and
chambers when developing shallow deposits, an
unconventional method is used for constructing
multidimensional mathematical models [2]. The
methodological approach is reduced to the
sequential implementation of the following steps:

1. Definition of the purpose of modelling
2. Planning an experiment
3. Conducting an experiment
4. Analysis of the simulation results.
Experiment planning involves:
1. The choice of arguments and objective
functions
2. Determining the range of changes in the
arguments in the experiments
3. The establishment of the number of levels of
arguments and their specific values in the
experiments
4. Establishing a combination of argument values
in each experiment in accordance with the
recommended experiment  planning matrix.
In our case, the planning matrix was adopted with the
number of arguments m = 6 and the number of levels n
= 5, which fully reflects the completeness of the
research starting points. In order to obtain a
mathematical model of the type y = f (X1, X2, X3, X4, Xs,

Xs), 25 variants of the SSS array were investigated.
Assume that the tensile stress is dominant. Then here y
is the maximum main tensile stress: X1 = yH, X2 = by,
X3 = b1, Xa =, Xs = Es, X6 = hy.

In each variant, the problem of determining
the SSS of the FEM array was solved. As a result of
calculations, vertical and horizontal displacements of
nodes, vertical and horizontal normal, as well as
tangential and main stresses in the elements.

Figure 2 shows the vertical stress isolines for
one of the options, i.e. with the modulus of elasticity
of the host rocks, Es =9.6*104 MPa, yH = 15 MPa,
cadm = 20 MPa - permissible tensile stress of the
rocks, b2= 11 m. - height of the pillar, h1 =24 m -
width of the barrier pillar, h2 = 7 m the width of the
interchamber pillars, bl = 7 m is the width of the
chamber. In all cases, the modulus of elasticity of ore
Eruda = 8 * 104 MPa. As can be seen from the figure,
zones of development of tensile stresses are observed
in the roof and soil of the chambers.

When solving the flat FEM problem, the
parameters (technological and mining-geological
factors) varied within the following limits:

bl =4+16 (m) - chamber width with an interval

of 3m;

b2 = 3+11 (m) - removable power (pillar height)

with an interval of 2 m;
hl = 15+27 (m) - the width of the barrier pillar
with an interval of 2 m;
h2 = 5+9 (m) - the width of the inter-chamber
pillars with an interval of 1 m;

vH = 3.75+18.75 (MPa) - load with an interval

of 3.75 MPa;

Ep = 3.2%10%+9.6*10* (MIla) (MPa) - modulus

of elasticity with an interval of 1,6e10*

According to the above program, a
mathematical model is obtained that takes into
account the complex of natural and technogenic
factors

01™* = f(X1, X2, X3, X4, X5, Xs).

The maximum main voltage is selected as the
function Y. And by processing the data the following
dependencies of the function on the arguments are
obtained:

Glmax - Al*'YH**B1+C1;

o01™ = A, *exp(B2*b1) +C;

01™ = Az + B3/ hy;

Glmax =A4*EXD(B4*EB );

01™ =As*b, **2+Bs*D+Cs;

01™ =Ag*h, **(Bg) +Ce,
where Ai, By, Ci, Az, By, Cy, Az, Bs, A4, Ba. As, Bs,
Cs, As, B, Ce are constants.
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Figure 1 — Design scheme of the problem, adequate field conditions
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Figure 2 — Isolines of vertical stresses
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The correlation coefficient R = 0.965 indicates
the tightness of the connection, and the generalized
equation has the following form:

61" = Y(yH) *Y(b:) *Y(Es) *Y (b2)
*Y(hy) + Y (h2) (1)

According to the formula (1) obtained for a
multidimensional model, one can analyze a complex
of factors affecting the stability of pillars and
chambers. According to this dependence, with known
data, the desired value is determined from the
following conditions of rock strength: 61™ < 6Pam,
where oPaam is the allowable tensile stress.

Testing of the methodology for the changing
conditions of the ore deposits of Zhezkazgan is
shown in Figures 3-5. At the same time, the
dependence of the pillar width on various factors
reflecting the main structural elements of the
development technology was investigated. When one
of the factors changed, the values of the others were
fixed. From the results (graphs) of calculations, it
follows as:

- a clear (double) effect on the parameter of the
pillar is exerted by the power of the deposit;
- the nature of the pressure (density, depth) has the
same picture, but in absolute value they qualitatively
differ;

- the limit value of the width of the chambers is
b: = 10-18 M., Above which the size of the pillar
sharply increases.

The left pillars, the open roof-soil of the
panels (chambers) are “in operation” for a long time
(more than 1 year), therefore, the conditions for the
development of ore deposits can be attributed to a
viscoelastic medium with small deformations in time
of structural elements of development systems. To
solve viscoelastic problems with small strains, an
effective calculation method using variable modules

has been developed. It is known [3] that the solution
of linearly-hereditary creep comes down to the
replacement of elastic ones. The work uses a
temporary operator of the following form:

Ei=E/ (1+Ft), (2)

where F; = 5t/ (1-), a, & are creep parameters, t is
time. The objective of the research is to determine the
parameters of the stress-strain state (SSS) of the
array, affecting the stability of pillars and treatment
chambers, taking into account creep constant integral
operators. In mining geomechanics, the Abel core
d(t-t)* is most often used as the creep core
(operator).

When applying the method of variable
modules, the solution of the linear hereditary creep
problem under constant boundary conditions is
reduced to the formulation of the corresponding
solution to the problem of the theory of elasticity no
longer as an operator, but as a function of time.
Formula (1) using the variable module method has
the following form:

oM™ = (Al*’yH**Bl + Cl)*(Az *exp(Bz*bl)

+Co)*( As *exp(Bs * E, / (1+ St/

(L-0))))*( As *bp **2+Bs*,+Cs)*( As + B3

/ hy)
+ (Aa*hz **Bg + Ce) (3)

By the formula (3) obtained for the
multidimensional model, one can find a complex of
factors affecting the stability of pillars and chambers.
According to this dependence, the required value is
determined from known values from the following
conditions of rock strength: 61™* < 6Pam, (4) where
ofam IS the  allowable  tensile  stress.
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Figure 3 - Dependence of the width of the pillars on the width of the cameras
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Figure 4 - Dependences of the width of the pillars on the width of the cameras
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Figure 5 - Dependence of the width of the pillars on the width of the cameras
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Figure 6 - Dependences of the pillar width on b,

So, the mutual influence of the width of the
chambers and the pillars changes in time according
to the obtained curves (Figure 6). Above we obtained
the approbation of the methodology for the changing
Zhezkazgan conditions at t = 0. In this case, the
dependence of the pillar width on various factors was
studied, which reflected the main structural elements
of the development technology.

When one of the factors changed, the values
of the others were fixed. Under the same conditions
in Fig. 6, for different t (in days), using the formula

(1), the dependences of the pillar width on the
cameras width are obtained.

Conclusions

Thus, the research methodology allows us to
establish  technologically necessary ratios of
elements of development systems (pillar parameters,
cameras, panels, etc.) depending on specific
conditions. In this case, the optimization of the
parameters will affect the level of regulatory losses
and ensure stability during the extraction of reserves.
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KeHTipekTep MeH KeHYHripnepaiH OpHbIKTbIbIFbIHA 9cep eTeTiH dakTopnapabl
aHbIKTayAblH MaTeMaTuKanbIK moaeni

TytaHoB C. K., TyraHoB M. C., TytaHoBa M. C.

Tyilinaeme. Byn makanmana KeHTipekTep MEH KEHYHTipiep aifHaJgachbIHOAFrbl Tay J>KBIHBICTApPhl MAaCCHBIHIH KepHEYIIi-
nedopManMsUIBIK  KYHIHIH ITapaMeTpliepiH KOHE OJaplIblH OPHBIKTBUIBIFBIHA ocep €Tyl (aKTopyapibl aHBIKTAY
OoiibIHIIIa JKYPri3iireH 3eprreynep KentipiireH. KeHTipekTtep MeH KeHYHTipiep MaHAibIHIAaFbl MAaCCHUBTIH BEPTHUKAIIb
KMMAachl KapacTeIpbuTFaH. EcenTey cyiiback! (cxeMacsl) peTiHze jka3blK aedopManus KyHiHIETI TiK OYpHIIITH 5Ka3bIKTHIK
anpiarad. O coiikec Iiekapanapbl 6ap YHIOYPHIIITEL AIEMEHTTEP apKbUIbl OemiHreH. HoTHKeCiHIe TeONOTHSIIBIK KOHE
Tay-KeH (pakToprapblHa TOyenAi KEHTipeKTep MeH KEHYHTIpJiep OPHBIKTBUIBIFBIHBIH KOIl (aKTOpPIBl MaTeMaTHKAIIBIK
MOJIeTl anblHFaH. AJBIHFaH (opMysla apKeUIbl Kemn (akTopisl MOJENb VIIIH KEHTIpEeKTep MeH KeHYHTipiep
OPHBIKTBUIBIFBIHA 9CEP €TETiH (aKTopiap sl Ta0yra 00aapl. AJBIHFAH TOYENIUTIK KaKEeTTi MOH/I aHBIKTayFa MYMKIHJIIK

Oepei.
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Tyiiin ce3mep: Tay KbIHBICTAPBI, aKBIPFBI AJIEMEHTTEP JIiCi, KepHEYJIi-1eOpMaMsIIBIK KYH, AedopMarys, KepHey,
Jamy.
MaTtemaTu4yeckasa mogersnb onpeageneHuns d)aKTOpOB, BINMUALOLWKNX Ha
yCTOﬁ‘-IMBOCTb LuesimnkoB n kamep

TytaHos C. K., TyraHoB M. C., TyraHosa M. C.

AHHOTanus. B crarbe NpUBOAATCS HMCCIEAOBaHUS MO ONPEIEICHUIO MapaMeTpoB HaNPSHKEHHO-1e(OPMUPOBAHHOTO
COCTOSIHMSI MacCHBa TOPHBIX MOPOJ BOKPYT IIEJIMKOB M KaMmep, a Takke (aKTOpOB, BIUSIONIMX Ha MX YCTOWYHMBOCTD.
PaccmarpuBaeTcsi BepTHKaNbHOE CEYEHHE MacCHBa BOKPYT LIEIUKOB M Kamep. B kauecTBe pacu€rHoill cxembl BEIOpaHa
MIPSIMOYTOJIbHAs TUIOCKOCTh, HaXOJIIasics B IUIOCKO J1e(OpMHPOBAaHHOM COCTOSIHUM M KOTOpas pa3OMBaeTcs CETKOH
TPEYrOJIbHBIX  DJIEMEHTOB, C COOTBETCTBYIOUIMMH TpaHMYHBIMH  ycioBusMH. IlosydeHa  MHOrogaxTopHas
MaTreMaTHdecKasi MOJIeJb YCTOWYNBOCTH LIEJIMKOB U KaMep OT TOPHOI'€OJIOTMYECKUX U TOPHOTEXHUUECKUX (akTopoB. [1o
(dopMysie, MOIy4eHHOH JUIT MHOTOMEPHOW MOJIENM MOXKHO HAaiTH KOMIUIEKC (D)aKTOpPOB, BIMSIOIIMX HA yCTOHYMBOCTD
LEMUKOB U Kamep. [lomydeHHas 3aBHCHMOCTh JaeT BO3MOXKHOCTH OIIPEACINTHh MO M3BECTHBIM 3HAUCHHAM (DaKTOPOB
HCKOMYIO BEIIMUHHY.

KnroueBble cji0oBa: TOpHBIC IOPOIBI, METOA KOHEYHBIX 3JIEMEHTOB, HANpPsKEHHO-IE(QOPMHPOBAHHOE COCTOSHHE,
nedopmaryst, HanpsHKEHUE, Pa3BUTHE.
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