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DETERMINING THE PATTERNS OF STABILITY OF MINE WORKINGS FOR
CALCULATION ROOF BOLTING PARAMETERS

Purpose. The published studies are aimed at determining the mechanism of deformation of
the rocks of the contour around the workings in terms of the parameters of the emerging
fracturing and their dependence on the indicators of the strength of the rocks and the depth of
occurrence in the massif. The tasks of the study include the installation of fracture indicators,
the determination of the parameters of the development of the deformation process around the
working, including the effect of longwall mining and taking into account the possibility of reuse
of the workings.

Methodology. To solve the set tasks, the method of field observations was used together with
the use of regression dependencies to determine the dependences of the parameters on the
influencing factors. In addition, the method of full-scale pull-out tests of anchor support was
used, which made it possible to determine the clamping forces of the anchors.

Originality. In the course of the research, the dependences of stresses and deformation along
the K7 coal seam in the conditions of the mine named after Kuzembaev CD JSC "ArcelorMittal
Temirtau™ for the massif around the mine with fastening. Rational parameters for the use of
roof bolting in preparatory mine workings have been established. This type of fastening
provides direct contact between rocks and lining. Analysis of the results of calculating the
parameters of the roof bolting showed that to maintain the roof in the development workings,
it is necessary to take into account the parameters of the roof bolting. The main parameters
include the length of the anchors, the total resistance of the roof bolting and the density of the
anchors. Anchor support forms laminated rock beams in the roof rocks, which ensure the
stability of the workings.

Conclusions and practical significance. The results of studies devoted to the establishment
of the influence of mining-geological and mining-technical factors on the formation of zones of
inelastic deformation in the host rocks were considered. Significant dependences of the
deformation processes of rocks in the massif around the workings were obtained, and the
parabolic zone of destruction of rocks was determined. The practical significance of the
research consists in determining the actual indicators of the required bearing capacity of the
anchorage at two levels in the conditions of the development of the coal seam k7 of the
Kuzembaev mine.

Keywords: deformation, coal-stone, array, working out, parameters, strength, tension,
technology, anchor, support.

© The Author(s)2021. Published by Igor Sikorsky Kyiv Polytechnic Institute.
This is an Open Access article distributed under the terms of the license CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/), which permits
re-use, distribution, and reproduction in any medium, provided the original work is properly cited

9


mailto:baydildinova_a@mail.ru

'eomexaHika i reoTexHiKka T'EOIH>KEHEPIA, sun. 6. 2021

INTRODUCTION

The wide proliferation of anchoring type for various geological and mining conditions of field
development [1-3] allows to determine the peculiarity of this type of structures as universal, which
has the prospect of application in the conditions of underground field development, and the
development of combined structures allows covering most geotechnical conditions of mining
practice. Confirmation of the priority of this direction of development is the latest achievements of
the mining industry in England [1, 4], where the spread of anchoring types has reached prevailing
importance.

THE MAIN PART

Cracking in the roof and walls in the range of depths of the working location from 500 to 700 m
differs slightly and begins after 0.4 hours at the depth of 1.2-1.5 m in the marginal rocks and with the
study period of 1.5, 15 and 150 days is spread in increments of 0.2 m deep into the massif. In the soil
the tendency of crack propagation is similar to cracking in the roof: with the same parameters but at
the initial distance of 1.5 m from the contour of development.

At the depth of 800 and 1000 m, in the roof the process of the onset of cracking is shifted deeper
into the massif compared to the depth of 500—-700 m by 0.5-0.6 m (up to 1.7-2.1m), and in the soil by
1.5 -2.0 m and begins at the distance of 2.5 - 3.5 m. Cracking in the roof and walls of the working
depends on the depth in the directly proportional relationship, and in the soil it spreads by a hyperbolic
connection. With increasing the development depth (from 600 to 1000 m), crack formation increases
1.5 times. The first curves of conditional zones of inelastic deformations from the contour of the
working are located at the distance of 1.6-2.0 m.

The development of cracking in time (R:) depending on the depth of location (H) by the roof

bolting:
for the roof and walls R,»=1.03+0.0005H+0.067,
for the floor R,»=1.4+0.0005H+0.17, m.

The dependence of the depth of crack propagation (Rr, m) in the enclosing rocks depending on the
angle of incidence of the formation (a, deg.) has been determined as well as controllability of the roof

rocks ( H.. ):
m

Rr=1.140.07 Flom.
m
R =1.9+0.06 o, m.

The working contour shift depending on the distance to the breakage face

There has been established the empirical dependence of the value of convergence (C, m/day) and
the intensity of deformation (R, m) of the roof rocks:

C(l)=-2-10°-L+88-107°,
R(I) =—0.04-3/L +0,25 .

The roof rock shift AUo around the development working in the zone of stoping impact, depending
on the period of its supporting (7) for the roof bolting change by the empirical dependence:
AU, (T) =16,347°%*

The rock deformation (U, mm) in the development workings dependence on the depth of the
development (H,mu) for the roof bolting is:
U(H)=83H°" .
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There has been determined the empirical dependence of the walls shits (Bs) on the working width
(LLL):

B6(b) =0,0911/6° — 0,715 + 2

The empirical dependence of the deformation speed changing (U, mm/day) of the working roof
rocks on the support bearing capacity (R, t/m?) is;

U(R) = 0,19¢°¢*

Manifestation of the rock pressure (Q, kN) with the roof bolting in the development workings for
the anchor rods made of reinforced steel 21.6 mm with the shifts (N, m) is:

Q(U) = 46N

When limited by the cracking limits, the shape of the fracture zones is parabolic (Figure 1). The
parabolic shape means that the cross-sectional area, and, consequently, the mass per unit length of
the working, is easy to calculate (area = 0.66 * width of the working * height) [1]. Similarly, the
height of the fracture depending on the distance from the centerline = height - 4 * height/width of the
working? * distance?.

Figure 2 provides a graphic representation of the results for a number of coefficient K values. The
shape of the fracture zone can be used to determine the length of combined anchors, and the mass of
the zone to determine their number.
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Figure 1 — Development of Figure 2— Graph of the stressed and overhung
failure zones above the destroyed rock mass in the working roof

working roof

The depth of the working walls fracture on the coal is limited by the cracking limits. This means
that the maximum depth of the working walls collapse is about 1 m independent on the depth (Figure
3).

The roof bolting with the anchor rod length in the range of 2.0-2.4 m, ensures the formation of an
elastic layered rock beam. The second level of the roof bolting with the anchor rod length of 3.0 m
and more is set at the distance of 0.1N to the first long-wall face. This option provides for the reduction
of the use of additional supporting hydraulic racks up to 80 %.
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The layered rock strata of the roof with increasing shifts lose their bearing capacity. This
circumstance must be considered when calculating the parameters of the roof bolting by introducing
the coefficient of increasing the bearing capacity of the support [2]. The value of the coefficient of
increasing the bearing capacity of anchors of the second level is 1.1-1.6 and is taken depending on
the amount of displacement of roof rocks in the period between the mounting the roof bolting of the
first level and the mounting of the roof bolting of the second level. The use of the coefficient of
increasing the bearing capacity of the roof bolting of the second level in determining the parameters
of the roof bolting is confirmed with the studies presented in Figure 4.

The consolidated bearing
capacity of the system
“layered massif — a two-
A level pliable deep-laid roof
L1 bolting” largely depends on
7 the dimensions of the
- sliding prisms in the walls
of the working. To establish
Displacement of roof rocks, mm the mechanism of rock
deformation in the walls of
the workings and to
determine the parameters of
the roof bolting mounted in the walls of the workings, the lateral thrust force and the length of the
anchor rod were established:

\ Coefficient value

Figure 4 — Rock thickness bearing capacity dependence on
displacements

r=R+q-F,

In equation (2.9) the lateral thrust force R causing the working walls failure is determined by the
formula:

R=(K,H.)- 4h,
where K, is the coefficient of the reference pressure concentration; } is the mean volumetric weigh
of the massif; H is the depth of the working laying from the surface; A is the lateral thrust

coefficient; N, is the working height.
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The friction force Nmp prevent from the failure rocks spalling in the working walls and are
determined by the formula:

N =rle (Zn’”"'lp) 1
m =T P A-m

8

where r is the support resistance to spall; nmp is the coefficient of the friction between the seam and

the roof and floor rocks; | p is the depth of the failure rocks zone in the working walls; mg is the
thickness of the failure rocks in the working walls.

The maximum value of the spall rocks force in the working { is determined by the expression:
q = 7y| phe/l
where 7', is the volumetric weight of the failure rocks in the working walls.

After the final transformations the required resistance of the roof bolting in the working walls can
be determined by the formula:

koH =0 24y 0,2,

r =
2n |

e mp-p

Xp(;t-mgj

The depth of the seam failure zone is determined by the formula:

B T O N P
- 2n, Ige

P max

The analysis of the results allows concluding that it is impossible to exclude the wall rocks failure.
The depths of anchoring the working walls is within the limits of 2,2-2.5 and more meters.

Rcﬁ
p.o. >
K,2y

where R.s is the rock strength for uniaxial compression of the walls rocks.

At the same time it was found that at the depths significantly exceeding Hpﬁ, , the width of the

zone of the rocks failure in the walls 2.0-2.5 was times smaller than the width of the creeping prisms,
and at the depths significantly exceeding more than their width 1.5-2.0 times. If you take at all depths

exceeding Hp_é_ the same parameters of the roof bolting in the walls and in the roof, it will be

contrary to the actual processes that develop in the rocks of the roof and the walls of the working [3].

According to the results of the mine tests for pulling out the anchor rods mounted under the
conditions of volumetric compression, the pulling forces are 60-80 kKN and ensure retention of the
creeping prism of the rocks in the walls of the workings. The mine tests for pulling out the anchor
rods have established that the length of the anchor rods mounted in the walls of the workings is
determined by the ultimate strength of the rocks for uniaxial compression, and the dependence is
shown in Figure 5.

Frame supports do not practically have the required resistance to the displacement of the roof,
which leads to decreasing the efficiency of its support with reinforcement racks.
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The roof bolting provides a
high-quality contact between the
\ rocks and the support. The
. analysis of calculating the

\ parameters of the roof bolting

AN shows that to support the roof in

the development workings, it is

1,5 necessary to calculate the
—~—— parameters of the roof bolting.

The main parameters include the
length of the anchors, the total

Anchor rod length, m

10 20 30 40 50 60 ; h

resistance of the roof bolting and

Rock ultimate strength for compressiob, MPa the density of the anchors. The

Figure 5- Anchor rod length dependence on the rock limit ~ roof bolting forms rock layered

strength for uniaxial compression in the zone of stoping beams in the roof rock that ensure
impact stability of the workings.

The layered roof fastened by
anchor rods is a composite beam, the bearing capacity of which is determined by the resistance of the
lower layers to tensile strength. It is assumed that the moment of resistance of the composite beam is
always greater than the sum of the moments of resistance of individual layers, but lower than the
moment of resistance of one beam, having a height equal to the stack of layers.

The use of a two-level roof bolting for supporting reused workings confirms the efficiency of
supporting the rocks in the roof and walls of reused workings. In contrast to the base, on the
experimental plots with a two-level support, the nature of deformation of the enclosing rocks changed,
the support fully provided the working condition of the workings under study. After the approach of
the long-wall face to the experimental sites, the main load of the shifting roof was perceived by the
anchors and the roof bolting strips. The roof rocks and walls shifts from the side of the long-wall face
gradually increased and reached 250-300 mm. At the experimental sites, the workings with a two-
level roof bolting remained in working conditions without significant deformations.

As a result of performing a complex of laboratory, mine and analytical studies, geotechnological
principles were developed for securing mine workings at all stages of their existence: from driving to
reuse, while any main support for a development working is enhanced by additional pliable roof
bolting with the anchor rod 3.0 meters or more which parameters are based on a comprehensive
studying of the stress-strain state of the layered massif, evaluation of its own bearing capacity and the
conditions of interaction with the support. This made it possible to solve the scientific and technical
problem of ensuring stability of the development workings in the pillarless mining of flat seams at
current rates of movement of the breakage and development faces.

The studies have established that the bearing capacity of the roof layered rock strata stitched with
the roof bolting depends on the magnitude of the displacements at the time the mounting the roof
bolting and decreases in the range of 50-200 mm displacement values by 10-60 %, respectively; the
width of the creeping prisms of the deformed rocks in the walls of reusable workings is determined
by the depth of the workings and is 2.2-5.2 m; a two-level roof bolting with the anchor rod length of
2.4-3.0 m and more determined by the strength of rocks and the working span, with the fastening
force of 130-160 kN ensures a steady state of reused workings located in the zone of the stoping
impact; a pliable roof bolting of the second level with the anchor rod length of 3.0 meters or more,
in combination with the main roof bolting, protects the roof rocks from uncontrolled deformation,
slows down the roof failure, and in combination with the strengthening support racks and security
structures provides maintenance-free operation of reusable workings.

The maximum stress concentration occurs in the working contour or is shifted into the bulk of the
massif if the rocks near the contour have increased deformability compared to the rest of the massif.
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The stress concentration weakens rapidly

ol with moving deeper into the massif from the

683 / working contour. The dimensions of the
455 . zone of impact, i.e. the zone of the rock
g / massif covered by the stress concentration

depend on the dimensions of the working
cross-section.

The simulation results (a single working
~240 { with an arch support) indicate decreasing
_AT2 ' stresses in the walls and in front of the
| working, which contributes to reducing the
-704 4 likelihood of sudden outbursts [1].

038 ' In the course of the studies, the
dependence of stresses and strains along the
coal seam k7 was established in the
\ / conditions of the mine Kuzembaev mine of
\/ the CD "ArcelorMittal Temirtau” JSC, for
the massif around the working with a

\ 10 20 30 40 50002 support (Figure 6).
Having analyzed the results obtained, it
— ~ o (Es), - oy (Es), has been established that the functional
— oy (E), dependences o:"(Es), oy"™(Es), oy (Es),
Figure 6 — Deformation curves along the u<"*(Ee) do not depend on the elasticity
upper border of the coal seam k7 of the modulus Es. Exception is only dependence

Kuzembayev mine of CD “ArcelorMittal Uy"™*(Ee). )
Temirtau” JKC Dependence u,"*(Es) has the following

form:
U y = 0,05+0,14/E;

Based on the analysis of instrumental observations in outcrops of the extended workings of the mines of
the Karaganda coal basin, there was established the rock strength effect on the distance between natural
cracks in the rock massif. The values of the distances between the cracks can be found from the expression:

| =0,03e%%3"R
cp '

where Rc is rock strength for uniaxial compression, kg/cm?; I, is the mean distance between the
cracks, m,

The studies carried out allow establishing the inpact of geological and mining factors on the
formation of zones of inelastic deformations in the enclosing rocks, as well as establishing the rational
parameters for the roof bolting use in the development mine workings

CONCLUSIONS and practical significance

As a result of the research, statistically reliable dependences of the parameters of deformation
processes around excavations in the form of development of the zone of destruction of parabolic rocks
were obtained. The practical significance of the publication lies in the determination of the actual
indicators of the required bearing capacity of anchoring for the conditions of development of layers
at the Mine them. Kuzembayeva.
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BU3HAYEHHSA 3AKOHOMIPHOCTEM CTIMKOCTI TTPHAYNAX BUPOBOK JIJIS
PO3PAXYHKY HIAPAMETPIB KPIIIJIEHHS ITOKPIBJII

Merta Ta 3aBapanns. OmyOiKoBaHi JOCTIKEHHSI MalOTh HA METi BU3HAUCHHS MeXaHi3My JeopMyBaHHs
MOpiJ; KOHTYPY HaBKOJO BHUPOOOK B YAaCTWHI MapaMeTpiB BUHUKAE TPIMIMHYBATICTH 1 IX 3aJIEKHOCTI Bif
MOKA3HUKIB MIIHOCTI TOpiag 1 TIMOMHU 3ayisaraHHs B MacuBi. Jlo 3aBmaHp JOCHIJKEHHS BiJIHECCHO
BCTAHOBJICHHS MMOKA3HUKIB TPIIMHYBATOCTI, BU3HAYCHHS MapaMETPiB PO3BUTKY ACPOPMAIIIfHOTO MPOIECY
HAaBKOJIO BUPOOKH, B TOMY YHCIIi IPH BIUTMBI OYMCHUX POOIT B J1aBi i3 ypaxyBaHHSIM MOXJIHBOCTI IIOBTOPHOTO
BUKOPHCTaHHS BUPOOOK.

Metonu pocaimxkennsi. [l BupilieHHS TMOCTaBICHUX 3aBAaHb BUKOPUCTaHI METON HATYpHUX
CIIOCTEPEKEHb CITUIBHO 3 3aCTOCYBaHHSM PETPECHBHUX 3aJ€KHOCTEH JUIS BH3HAUCHHS 3aJICKHOCTEH
TapaMeTpiB BiJl BILTHBatOYHX (pakTopi. Kpim TOoro, BAKOPUCTAHUN METOI HATYPHUX BUIPOOYBaHh aHKEPHOTO
KpiIUIEHHS Ha BUCMHUKYBaHHSI, 10 JO3BOJIMIIO BU3HAYMTH 3yCHILIS 3aTUCKAHHS aHKEPiB.

HaykoBa nHoBu3Ha. B Xoi JociimkeHb BCTaHOBJICHO 3aJIe)KHOCTI HampyXeHb 1 aedopmarii y3m0BxK
ByrimpHOTO TacTa K7 B ymoBax maxTu im. Kyzembaea V][ OT «ApcenopMurran Temupray» s MmacuBy
HaBKOJI0 BUPOOKH 3 KpiIUleHHSM. BcTaHOBIIEHO pallioHaNbHI MTapaMeTpy 3aCTOCYBaHHS aHKEPHOTO KPIMJICHHS
B MiArOTOBUMX TipHMYMX BUpoOkax. Lleil Buj kpimieHHs 3abe3neuye Oe3nocepeHid KOHTaKT MOpij i
KpiIUIeHHs. AHaI3 pe3yabTaTiB pO3paxyHKy MapaMeTpiB aHKEPHOTO KPIIUICHHS IT0Ka3aB, IO IS MiATPUMKH
MTOKPIBJIi B MATOTOBYMX BUPOOKaX HEOOXITHO BPaXOBYBATH NapaMeTPH aHKEPHOTO KpiruieHHs. [lo 0CHOBHUX
napameTpiB CIIiJ] BITHECTH JOBXKHUHY aHKEPiB, 3arajbHUH OIip aHKEPHOT'O KPITUIEHHS 1 MIUTBHICTh PO3MIIIICHHS
aHKepiB. AHKepHE KpiluieHHs (OopMye B MOpOJaX IMOKPIBII MOPOJHI IMIapyBaTi Oaiku, siKi 3a0e3MeqyoTh
CTIHKICTh BUPOOOK.

BucHoBkH Ta mnpakTH4YHe 3HaYeHHA. bByiaW pO3TISIHYTI pe3ynpTaTd JOCHIDKEHb MPUCBSYCHI
BCTaHOBJICHHIO BIUIMBY TipHHYO-TEOJOTIYHUX 1 TIpHUYOTEXHIYHUX (PaKTOPiB HA YTBOPEHHS 30H HEMPYKHHUX
nedopmaliiil y BMillyrouux nopojax. bynmu orpuMani 3HaunMi 3a1e:KHOCTI iehopMalliitHiX MporeciB mopia B
MacuBi HABKOJIO BUPOOOK, BU3HAUCHI 30HN pyHHYBaHHS 1opij. [IpakTndHa 3HaYMMICTh TOCHIPKEHB TOJISATAE
y BU3Ha4YeHHI (DaKTHUYHUX MOKAa3HUKIB HEOOXiHOT HECYy4Oi 3JaTHOCTI aHKEPHOTO KPIMJICHHS B IBOX PIBHSIX B
yMOBax po3po0Oku ByrinpHOTO macta K7 maxtu im. Ky3em0Oaena.

Knwwuogi cnosa: degpopmayis, yzinbHo-kam saHa, Macus, 6UpooKa, napamempu, MiyHICMb, HANPYHCEHHS,
MeXHON02Is, aHKep, Onopa.
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