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SUBSTANTIATING INTER-CHAMBER
PILLAR PARAMATERS WHEN DEVELOPING
INCLINED BEDDING

Abstract. The article deals with the development of a technological flowchart of inclined deposits with the angle of incidence of 20-35 degrees by the example of the
Zhilandy deposit. The values of the main compressive and tensile stresses were determined depending on the mining depth. The parameters of barrier and inter-chamber
pillars were calculated taking into account the depth of development, the thickness and the ore deposit angle of incidence, the complexity of the mining and geological
conditions of development, the physical and mechanical properties of rocks, fracturing and the structure of the enclosing rocks. The permissible parameters of the stope and
the inter-chamber pillar were determined depending on the angle of occurrence. It was established that an inter-chamber pillar of a classical vertical shape as permissible
only if the angle of incidence of the ore body was within 25 degrees; in the other cases, the rock massif is unstable and the probability of collapse of the inter-chamber
pillar is very high.
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Keo10ey keH opbIHIapPBIH HIepy Ke3iHae KaMepaapajbIK HeJIHKTepAiH napaMeTpJiepin Herizaey

Amnpiatna. Makana KbUIaH/Ibl KEH OPHBIHBIH MbIcanbiHaa 20-35 rpagyc Kysay Oypbimibl 6ap kenbey KeH OpbIHIApbIH OHICYAIH TEXHOIOTHSIIBIK CXEMAChIH d3ipieyre
apHaiFaH. Herisri KbICy jkaHe CO3bLITy KepHEYJIEpiHiH IIamalapbl )KYMbIC TePEHAIriHe OailllaHbICThl aHBIKTAIabl. KeH OpHBIHBIH MIepy TEpeHIIriH, KyaThl MEH KyJiay
OYPBIIIBIH, UTEPYAIH Tay-KeH-TeOJIOTHSIIbIK KaFJalIapbIHBIH KYPACIUIIriH, Tay )KbIHBICTAPBIHBIH (H3UKAJIBIK-MEXaHUKAIIBIK KACHETTEPIH, )KapBIKTaP MEH CHIHBIM/IBI JKbI-
HBICTAP/bIH KYPBUIBICHIH €CKEPEe OTBIPHIN, TOCKAYBLT KOHE KamepaapaiblK OYTIHIIKTEpAiH MapaMeTplIepiH eCenTey Ky3ere achipbUlIbl. Ta3apTy KaMepachIHbIH KOHE
KamepaapasblK TYTACTHIKTBIH PYKCaT eTUIreH mapaMeTpiepi maiiaa 6omy OypslmbHa OaiTaHbICTI aHBIKTA/IbL. KTacCHKaIbIK Tik ()OpPMaHBIH KAMEPAIIBIK TYTACTHIFBI KCH
JIeHeCiHIH KyJiay OypbIIubl 25 rpajycka Aeiin OosFaH jkaFjaiia FaHa pyKcar eTUIeTiHI aHBIKTalIbl, KaJIFaH KaFaiiap/ia tay )KOTachkl TYPaKThl eMeC JKOHE KaMepasblK
TYTaCTBIKTBIH KYJIay BIKTUMAJIABIFbI ©TC JKOFaphl.

Tyiinoi co3dep: naiioa 60y Oypulutbl, MACCUS KEPHEYIEHYIH MOOeNbOeY, KaMepaapaiblk YeIuK, MOCKaybll YeluK, may HCbIHbICMAPbIHbIY KYLaybl, KAVINciz0ik Koagp-
Guyuenmi.

OobocHoBaHME nmapamMeTrpoB MeKKAMEPHBIX HEJTUKOB IIPH paspaﬁoTke HAKJIOHHBIX 3aJ1eKei

AnHortanmsi. CTaTbsi NOCBSIIEHA Pa3pabdOTKe TEXHOIOTHUECKON CXeMbI OTPaOOTKM HAKJIOHHBIX 3ajiexeii ¢ yrioM naienus 20-35 rpagycoB Ha npumepe KunanauH-
CKOro MectoporkaeHus. OmpeieIeHbl BeTHIMNHBI IABHBIX COKUMAIOIINX W PACTATUBAIONINX HANPSDKCHHI B 3aBUCHMOCTH OT TyOMHBI 0TPaboTKH. OCYyIIECTBICH pacuer
napaMeTpoB 0apbepHBIX M MEXIYKAMEPHBIX IEIHKOB C YUETOM IIIyOMHBI pa3padOoTKU, MOIIHOCTH M yIVIa HMaJeHHs PYJHOW 3aJIeXkH, CIOKHOCTH TOPHO-T€0JIOTHYECKUX
yCIOBHH pa3padoTKy, (PU3MKO-MEXaHHYECKUX CBOMCTB MOPOJI, TPEIIMHOBATOCTH U CTPOSHHs BMEIIAIONINX opoj. Onpe/eneHsl A0MyCTHMbIC ITapaMeTpbl OUMCTHON Ka-
Mepbl 1 MEXK/yKaMEPHOTO LIeJIMKa B 3aBUCHMOCTH OT yIVIa 3aJeraHusl. YCTaHOBJICHO, YTO MEKIyKaMEPHbIN LEINK KIaCCHIeCKOil BEPTUKAILHON (OPMBI JOITyCTHM TOJIBKO
B CiTydae, €CIIM yrojl IajJCHUs PyAHOTO Tela HaXOAWTCS B Mpeenax A0 25 rpagycoB, B OCTAIBHBIX CIydasX TOPHBIIl MACCHB HE YCTOMYMB H BEPOSITHOCTb OOpPYIICHHS
MEKTyKaMepHOTO IIeIMKa BeCbMa BEJIHKa.

Knrouesvie cnoea: yeon sanezanus, MoOeiuposanie HAnPNCeHHO20 COCMOSHUSL MACCUBA, MEICOYKAMEPHbLIL YenuK, 6apbepHblil yenuk, obpyulenue 20pHvlx nopoo,

Ko3hpuyuenm 3anaca npounocmu.

Introduction

The design and production of stoping with the use of the
classical room-and-pillar mining system [ 1] while maintaining
high-performance production volumes is currently an urgent
problem. The angle of incidence of the ore body is also one of
the factors that weakens the pillar massif stability.

Taking into account the geomechanical aspects of develop-
ing reserves of the Zhilandy group of fields, it can be noted that
the geomechanical situation [2] is extremely complex. Diffi-
culties, from the point of view of geomechanics, are mainly
caused by the state of the rock massif in the area where the ore
deposits are located.

Thus, at the Eastern Sary-Oba mine, a number of unfavor-
able factors are noted, such as, for example, the presence of
faults in the rock massif, numerous large cracks that are often
filled with friction clay and are, moreover oriented in different
directions, water cut in individual sections of the mine fields
[3], complex hypsometry of ore deposits, uneven thickness of
deposits.

When speaking of the Karashoshak mine, its mine field
borders the Zhylandy River, and therefore, quite significant
volumes of water enter the mine workings (~ 600 m*/hour).
This factor significantly affects the stability of the massif that
is characterized by strong fracturing and in addition, by sharp
contact between lithological differences. Therefore, the design

and production of stoping with a classical room-and-pillar
mining system while maintaining high-performance produc-
tion volumes is currently an unsolved problem [4].

Currently, at the Zhilandy mine there are no regulatory doc-
uments based on extensive experience in geomechanical pro-
cesses that assess the geomechanical state of the massif and
the structural elements of the development system. The calcu-
lations adopted in the projects are based on instructional doc-
uments developed in the conditions of the Zhezkazgan field.
Since the Zhilandy field is relatively new, the geomechanical
conditions for the field development have not been sufficiently
studied.

Materials and Methods

Technological parameters of the breakage face with a room-
and-pillar mining system depend on the shape and location of
the inter-chamber pillars (ICP).

In engineering practice, in order to take into account factors
that cannot be included in the calculation scheme, various co-
efficients are used that are obtained empirically based on field
observations or laboratory test data.

With the development of computer technologies in mathe-
matical modeling, numerical methods are increasingly being
used to solve certain engineering problems in mining, along-
side with traditional analytical methods.
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A more accurate solution to the problem can be obtained
if the calculation scheme and solution method make it possi-
ble to take initially into account the factors of interest to the
researcher. Wide possibilities in this regard are opened up by
the so-called numerical solution methods borrowed from the
mechanics of a deformable solid. The most effective of them
are the finite element method (FEM) and the boundary element
method (BEM). Their intensive development and use in the
practice of engineering calculations became possible with the
development and availability of computer technologies.

One of the finite element methods that are widely used in
solving mining problems is the RS-2 software developed by
the Rocscience Company.

Numerical modeling of the rock massif using finite element
methods in RS-2 software allows determining zones of stress
discharge and concentration, rock displacement, safety factor,
the magnitude of the principal stresses acting in the rock mas-
sif, zones of elastic and inelastic deformation and the value of
the rock safety factor, calculation parameters of the support
and many other processes occurring around the mined-out
space.

The data of the rocks and ores characteristics were obtained
from the results of a previously carried out study at the Zhylan-
dy group of deposits. Table 1 shows the physical and mechan-
ical properties and structural properties of the rock massif to
perform numerical modeling of the rock massif with the use of
RS-2 software.

When modeling, these values were generalized; only the
GSI parameter was changed. The GSI rating is one of the
important parameters that significantly affect the simulation

results. The calculations were performed using the Hooke-
Brown criterion.

To determine and to justify the parameters, the shape and
location of pillars when mining deposits with angles of inci-
dence more than 22 degrees and overlapping deposits, numer-
ical modeling of the stress-strain state of the rock massif was
carried out [5]. According to the Technological Regulations
for the use of a room-and-pillar mining system with columned
pillars left in the underground mines of the Zhezkazgan depos-
it, when mining inclined deposits, the following conditions for
the location of inter-chamber pillars must be observed:

- in the range of changing the angles of incidence of depos-
its of 15°to 25°, to place vertically the inter-chamber pillars;

- in the range of changing the angles deposit incidence of
25%to 35°, the inter-chamber pillars should be placed with an
inclination towards the uplift at the angle ff = a/2 (where: a is
the angle of the deposit incidence) relative to the normal to the
bedding. At overlapping deposits, in order to ensure the verti-
cal alignment of the inter-chamber pillars, to align the axes of
the pillars along the roof of the deposits (Figure 1);

- based on the preparation schemes using ventilation-slit drifts
or a diagonal ramp in the areas of cutting inter-chamber pillars,
to ensure driving the development working of the a minimum
cross-section and to leave braced pillars. The cross-sectional
area of the braced pillars is checked by calculations to ensure the
load-bearing capacity of the weight of the rock column falling on
the supporting area of the roof within the location of these pillars;

- the width of the braced pillar in the narrowing areas
should be at least 3-5 m, depending on the working height and
the passage of technological equipment.

Table 1

Deformation-strength characteristics of rock samples, specimens 1-5 in the water-saturated state under uniaxial
compression

Kecme 1

bip ocomi cvizvimoay Kesinoe cyea KanvlkKan Kyuoezi 1-5 cotnama may scotnvicmapul yazinepiniy, 0eopmayuanvik-
Oepikmik cunammamanapol

Taonuya 1

Jepopmayuonno-npounocmusle Xapaxmepucmuku 00pa3yo6 20pHvIxX nopoo npood 1-5 6 eooonacviujennom cocmoanuu
npu 00OHOOCHOM CoHCAmuUU

. . Shear | Break-down | Deformation Shear
Specimen | Break-down Deformation . . .
Sample No. . strain point, MPa | modulus, GPa | strain rate v
No. point, MPa modulus, GPa
rate v (average) (average) (average)

4-1-1v 66.4 10.393 0.209
4-1-2v 83.4 10.740 0.190
4-1-3v 61.6 13.479 0.182

Red sandstone 71.7 13.136 0.187
4-1-4v 68.1 12.103 0.159
4-1-5v 76.7 9.069 0.192
4-1-6v 73.8 23.029 0.188
Siltstone 5-1-1v 64.8 10.992 0.207
5-1-2v 122.3 20.385 0.149
5-1-3v 56.9 14.423 0.201

87.1 16.835 0.178
5-1-4v 53.9 10.499 0.158
5-1-5v 109.7 19.079 0.185
5-1-6v 115.2 25.631 0.168
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Figure 1. Diagram of inter-chamber pillars location when
developing inclined deposits with the angle of incidence of
25°-35°.

Cypert 1. 25°-35° Tycy OyphIlbl 6ap KeJa0ey KeH
OPBIH/IAPBIH MBICBIKTAY Ke3iHJAe KaMepaabIK
HeJTUKTEPiH OpHAIacy cXxeMachl.

Puc. 1. Cxema pacmoJiokeHHsI Me:KIyKaMEPHBIX HEJIHKOB
NPHU 0TPAOOTKE HAKJIOHHBIX 3aJ1eKel ¢ YIJIOM NaJeHust
25°-35°.

To justify the parameters of the stope and pillars, numeri-
cal modeling was carried out with changing the width of the
chambers and inter-chamber pillars for incidence angles of 20,
25,30 and 35 degrees. When simulating, indicators of the safe-
ty factor (SF), as well as indicators of the main compressive
(Sigma 1) and tensile (Sigma 3) stresses were determined. The
main compressive and tensile stresses make it possible to de-
termine the necessary areas, such as the zone of stress concen-
tration and discharge [6].

When driving a working, redistribution of stresses occurs
in the surrounding rocks: some of the components of the stress
tensor increase, others decrease. According to the standards of
the International Society for Rock Mechanics (ISRM), for safe
mining operations, the safety factor for rock stability must be
higher than 1.2.

For the mining conditions of the development of the Zhi-
landy deposit, the location of the inter-chamber pillars is taken
on a square grid with the distance between the axes equal to
20x20 m.

Figure 2 below show the results of numerical modeling
with the ore body thickness of 5 meters and at incidence angles
of 20 degrees. The modeling was carried out based on the anal-
ysis of the physical and mechanical properties and structural
features of rocks.

Based on the modeling results presented in Figure 2, it can
be seen that at the incidence angle of 20 degrees, the stope
and pillars are as a whole in a stable state, as evidenced by the
safety factor of the rock massif presented as a graph in Figure
3. The graph shows that the minimum safety factor is higher
than the value of 1.2, from which it should be assumed that
the inter-chamber pillar and the stope are in a stable state. The
maximum permissible width of the stope is 13.0 meters with
the minimum thickness of inter-chamber pillars of 7.0 meters.

Figure 2. Safety factor of the edge massif with the
parameters of the stope 11x9 m and at the angle of
incidence of 20 degrees.

Cyper 2. TazapTy kaMepacbIHbIH apaMeTpJiepi
11x9 m :koHe Kys1ay Oypbimbl 20 rpagyc 00JFaH
Ke3/1e KOHTYPJIBIK MACCHBTIH Kayilci3aik KOPbIHbIH
K03 punueHTi.

Puc. 2. KoappuuuenT 3anaca npouHOCTH 3aKOHTYPHOTO
MAaccHBa NPU NapaMeTpax 04MCTHOM kaMmepsl 11x9 M n
npu yrie nagenusi 20 rpaaycos.

With the stope width of 14 meters and the thickness of the
inter-chamber pillar of 6 meters, the height of unstable areas
on the roof of the stope is 2.5 meters, and the destruction of
the inter-chamber pillar reaches up to 1.8 meters, from which
it should be stated that the risks of rock collapse and the de-
struction of the inter-chamber pillars is great.

When mining ore reserves with the angle of incidence of 20
degrees using a room-and-pillar mining system, the boundary
massif is stable, local destruction of rocks up to 0.5 meters is
possible, mainly from the roof of the working in the form of
delamination and chips [7]. The inter-chamber rear sight is in a
stable state as evidenced by the safety factor of the inter-cham-
ber rear sight of 1.3 or more.

g
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=4—11x9m
~-13x7m
14x6m

Strength Factor
=
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'
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Distance from the stope contour to the ICP center (m)

Figure 3. Changing the safety factor of the inter-chamber
pillar depending on changing the width of the stope and
the power of the inter-chamber pillar.

Cypert 3. KamepaHbIH eHi MeH KamMepaapaJbIK
TYTACTBIKTBIH KyaThbIHbIH 03repyine 0ailIaHbICThI
KaMepaapaJibIK TYTACTBIKTBIH Kayincizaik
k03¢ PpunueHTIHIH 63repyi.

Puc. 3. I3menenne kodgduuneHTa 3anaca npo4HOCTH
MEKIYKAMEPHOI0 eJINKA B 3aBHCHMOCTH OT H3MEHEHUsI
IIMPUHBI KaMepPbl U MOIIHOCTH MEKIyKaMePHOTo LeINKA.
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Table 2

Acceptable parameters of the stope and ICP, BP based on numerical modeling

Tabnuua 2

Jonycmumsie napamempst 04UCMHOU KAMEPL U MENCOYKAMEPHBIX UENUKO8, ODAPbEPHBIX YeIUKOE HA OCHOBE YUCIEHHO20
Modenuposanus

Kecme 2

Canovik moodenvoey nezizinde mazapmy Kamepacsvl MeH Kamepaapanslk KenmipeKkmep, mocKayvli KeHmipeKmepoir pyKcam
eminzen napamempinepi

Stope 20 degrees 25 degrees 30 degrees 35 degrees

Depth, m | width, | ICP, | chamber | BP, | ICP, | chamber | BP, | ICP, | chamber | BP, | ICP, | chamber | BP,
m m | width, m| m m | width, m| m m | width m| m m | width, m| m

4 6 14 7,5 7 13 8 8 12 10 9 11 11

5 6,5 13,5 8 8 12 9 11 11 10 10 12

6 7 13 9 8,5 11,5 11 10 10 12 10 10 13

200 7 8 12 11 9 11 13 10 10 14 10 10 15
8 9 11 12 10 10 15 10 10 16 11 9 18

10 10 10 13 10 10 17 11 9 18 11 9 20

12 10 10 15 10 10 19 11 9 20 12 8 22

4 6,5 13,5 8 8 12 9 9 11 11 10 10 12

5 7 13 8,5 11,5 11 10 10 12 10 10 13

6 8 12 11 9 11 13 10 10 14 10 10 15

300 7 9 11 12 10 10 15 10 10 16 11 9 18
8 10 10 13 10 10 17 11 9 18 11 9 20

10 10 10 15 10 10 19 11 9 20 12 8 21

12 10 10 16 11 9 20 12 8 21 12 8 22

4 7 13 9 8,5 11,5 11 10 10 12 10 10 13

5 8 12 11 9 11 13 10 10 14 10 10 15

6 9 11 12 10 10 15 10 10 16 11 9 18

400 7 10 10 13 10 10 16 11 9 18 11 9 20
8 10 10 15 10 10 17 11 9 20 12 8 21

10 10 10 16 11 9 19 12 8 21 12 8 22

12 11 9 18 11 9 20 12 8 22 12 8 23

4 8 12 11 9 11 13 10 10 14 10 10 15

5 11 12 10 10 15 10 10 16 11 9 18

6 10 10 13 10 10 16 11 9 18 11 9 20

500 7 10 10 15 10 10 17 11 9 20 12 8 21
8 10 10 16 11 9 19 12 8 21 12 8 22

10 11 9 18 11 20 12 8 22 12 8 23

12 11 9 20 12 8 22 12 8 23 12 8 24

When mining ore reserves with the angle of incidence of
20 degrees, it is not necessary to change the shape of the in-
ter-chamber pillar to trapezoidal, since the straight columned
pillars can fully ensure the stability of the rock massif.

Based on the results of the analysis of the results obtained
during the performed numerical modeling [8-9], Table 2 sum-
marizes the recommended parameters of the ICP, BP and the
panel width depending on the depth of development and the
angle of incidence of the ore body [10].

The results summarized in Table 1 are recommended for
use when mining inclined deposits (20-35°) with an ore body
thickness of 4-7 meters.

Topnwviii scypruan Kazaxcmana Nel2’ 2024

The proposed technology of developing [11] inclined de-
posits with the incidence angle of 20-35 degrees using a room-
and-pillar system in underground production by the example
of the Zhilandy deposit can be described by the following se-
quence of operations.

The stoping in the panel is carried out according to the de-
sign documentation completed by a design institute or mine
and according to the passports for supporting and controlling
the roof of underground mine workings [12] that is approved
by the chief engineer of the mine after driving transport and
ventilation drifts.




[eoMexanika

Results

In the course of the work performed, the permissible pa-
rameters of the stope, inter-chamber and barrier pillars were
determined when mining inclined deposits with the angle of
incidence from 20 to 35 degrees.

Based on a set of studies carried out, it was found that a
classic (vertical) ICP was only permissible if the ore body in-
cidence angle is up to 25 degrees; in the other cases, the rock
massif is unstable and the probability of ICP collapse is very
high.

In the range of changing the incidence angles of deposits
from 25 to 35 degrees, the inter-chamber pillars should be
placed with an inclination towards the uprising at the angle
f = /2 (e is the incidence angle of the deposits) relative to
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