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STUDY OF THE PRODUCTION MINE
WORKINGS STABILITY SUPPORTED

AT THE BOUNDARY WITH THE MINED-OUT
SPACE OF THE WORKING FACES

Abstract. Study was conducted on the stability of the reused development workings by managing the geomechanics of the marginal massif from increased stresses
using anchor support, including production workings supported at the boundary with the mined-out space of the working faces. The geomechanical state of the massif of
underground mine workings on coal seams was studied for their efficient and safe operation in the mines of the Karaganda basin, ensuring stability with minimal consump-
tion of supporting materials and labor intensity during subsequent maintenance at the boundary with the mined-out space of the working faces during mining development
work. Deformation zones in the host rock were identified for intervention to ensure their stable support under challenging mining conditions and to determine support
schemes for the cutting workings and adjacent coal-rock massif.

Key words: mining works, technology, strength parameters, lining, workings, rock pressure, massif geomechanics, mining-geological and mining-technical conditions,
deformed state.

Kymbic GeTTepinin enaipiiiren keHicririMen mexapaga oexitiyired enaipictik maxra Ka3oaaapbIHbIH TYPAKTbLIbI-

FBIH 3epTTey

Amnnarna. Kaiita naiijanaHblIiFraH Urepy sKYMbICTApbIHBIH TYPAKTBUIBIFbI Typallbl 3¢PTTEY LICKTi MACCHBTIH F€OMEXaHUKACBIH 39KIpJIK TipeyiluTi KOJIJaHa OTBIPHIIL,
KepHEYINep/IiH JKOFapblIaybIHAH, OHBIH IIIIH/E JKYMBIC OCTTEpiHIH Ka3bUIFaH KEHICTIriMeH mekapaja OekiTiareH enaipicTik kasbamapiabl 6ackapy apKbUIbl XKYpriziii.
Kemip KabaTTapbIHIarbl )KepPACThI [IaXTadapbl MACCUBIHIH reOMeXaHHKaNBIK xaraaibl Onapasiy Kaparanapl 0acceifHiHiH axTanapblHaa THIMII JKOHE Kayilci3 )KyMbIC
icTeyl YIIiH 3epTTesi, Oy Tay-KeH )KYMBICTApbIH JKYPridy Ke3iHae *KyMbIc OeTTepiHiH OHIIPIAreH KeHIiCTIriMeH Imekapaia KeHiHri TeXHUKAIBIK KbI3MET KOpCeTy Ke3iHae
TipeK MaTepuaapibl MUHUMAIbl TYTHIHYMEH XKOHE CHOCK ChIMBIMBLUIBIFBIMCH TYPAKTBUIBIKTBI KAMTaMachl3 eTTi. Tay KbIHBICTApbIHAAFBI Ae(opMalis aiiMaKTapbl
KYpJiedi Tay-KeH jkar1aiiapblHia OJIapAbIH TYPAKThl KOJIAYbIH KAMTaMachl3 €Ty %KaHE KeCy JKyMbICTapbl MEH iprejiec KeMip-Tay MacCHBIH KOJIAy CXeMallapblH aHBIKTAY
YILIiH apajacy YIIiH aHbIKTaJIbl.

Tyitinoi ce3dep: may-ken HCYMbICIApbl, MeXHONOUACHL, OepiKmiK napamempiepi, mecemi, Ka30anapol, may JHCbIHLICMAPbIHbIY KbLCHIMbL, MACCUE 2eOMEXAHUKACHL,
May-KeH-2e0102UANbLK HCIHE MAY-KeH-MEXHUKANBIK Hca0atinapbl, 0ehopmMayusianean Kyui.

Hcciienopanne ycToHYMBOCTH IKCILNIYATAIIMOHHBIX BBIPA0OTOK, MOJ/IEP:KMBACMBIX HA IPaHHIE ¢ BbIPA0OTAHHBIM

MPOCTPAHCTBOM OYHMCTHBIX 3200€B

AnnoTauus. ITpou3BesieHO HCCIIeI0BaHHE YCTOHYMBOCTH TIOBTOPHO MCHOJIB3YEMbIX OATOTOBUTEIbHBIX BEIPAOOTOK 33 CUET YIPABICHUS T€OMEXaHHUKOU IIPHKOHTYP-
HOTO MAacCHBa OT IOBBILICHHBIX HANPSKCHHUI C IPUMEHEHNEM aHKEPHOH KPEIH, B T. 4. SKCIUTyaTallMOHHBIX BBIPAOOTOK, MOAACPKUBACMBIX Ha IPAHULE C BHIPAOOTAHHBIM
IIPOCTPAHCTBOM OYHCTHBIX 3a00¢B. lccie10BaHO reoMeXxaHNueCcKoe COCTOSHIE MAacCHBA MOJ3EMHBIX TOPHBIX BHIPAOOTOK Ha YTOJIbHBIX MUIACTax JUIs MX dGGheKTUBHOI 1
6e30MacHoii FKcIUTyaTauny Ha maxrax KaparanamHckoro OacceiiHa ¢ 06ecreueHneM yCTOHYMBOCTH IIPH MUHMMAJILHOM PACX0Jle KPENekKHbIX MaTepHasIoB U TPYJ0EMKO-
CTH HPHU MOCIEAYIOIEM HOANEPKAHUU Ha TPAHUIIE C BEIPAOOTAHHBIM IIPOCTPAHCTBOM OYHCTHBIX 3a00€B MPU FOPHO-TIOATOTOBUTENBHBIX pabotax. OnpeneneHs! obnacTu
Jeopmaniii BO BMELIAIOIIMX TOPOJAX JUIs BO3ACHCTBHUS, [T 00eCredeHNs CTaOMIBHOTO TIOUICPKAHHS UX B CIIOKHBIX YCIOBHSX Pa3paOOTKH U IS ONMPEIEIICHHS CXEM
KPETUICHUS TIPUCEUHBIX YKCIUTyaTallMOHHBIX BEIPAOOTOK M IPUIICTAIONIETO YIVICTIOPOAHOTO MAaCcCHBA.

Knrwuesvle cnosa: copble pabomosl, MexHoN02Us, NPOYHOCMHbIE NAPAMEMPbl, KpenieHue, eblpadomkad, 20pHoe 0asieHue, 2e0MeXAHUKA MACCUBA, 20PHO-2e0N102UYec-

Kue u 2copHomexrHuveckue ycioeus, ()E(Z)OPMMPOGLIHHOE cocmosiHue.

Introduction

The efficiency of coal seam development depends signifi-
cantly on the development plan and mining system. When
developing gently sloping seams, the non-core technology
is widely used. Its use at deep horizons is accompanied by
deterioration of the development workings. The costs of pro-
tection and maintenance often exceed the costs of excavation
by 2.0 to 2.5 times. This is due to the increased and uneven
distribution of rock pressure, significantly more complex
conditions for maintaining the workings, insufficient bearing
capacity, and the high labor intensity of supporting main-
tenance works. Increasing the efficiency of existing mines
while maintaining the existing volume of coal production
is possible by increasing the load on the working faces, by
advancing them by 8-12 m/day, and to recreate prepared
reserves, the rate of development of development workings
should be at least 15-25 m/day.

In modern mines, three pillarless mining schemes are used:
with the preservation of workings for reuse; with the construc-
tion of new workings adjacent to the mined-out space; with the
construction of paired workings with the extraction of a pillar
between them by an adjacent longwall.

The most progressive design of the non-pillar technology is
the technology of preparing and developing seams by preserv-
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ing the workings on the border with the working space during
the development of the adjacent longwall.

The transition of mining operations to deeper levels is ac-
companied by a change in the manifestation of rock pressure.
Unlike at shallow depths, where a collapse arch forms at the
roof of the working, at greater depths, noticeable deformation
occurs along the entire perimeter of the working. Development
workings deform under the influence of stresses, both during
excavation and during operation. Furthermore, workings re-
used fall within the zone of influence of stoping operations,
leading to increased deformation of the rock and support struc-
tures, necessitating their re-support.

In this regard, the development of new and improvement of
existing methods for maintaining workings during their ser-
vice life with minimal costs is relevant.

Research materials and methods

In accordance with the recommendations [1], permanent
artificial barriers should be used to protect workings at the
border with mined-out spaces: organ rows, row of pillars, fires
made of sleeper beams filled with rock, fires with an organ
row, organ rows with a rubble strip, high-strength supports
with limited flexibility, etc., and portable protective supports
made of metal friction pillars, hydraulic pillars, etc.
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When maintaining a working face for reuse, reinforcement
support — two hydraulic props (HP or F friction props) — was
installed ahead of the working face. Behind the working face,
the support was reinforced with a third prop, and in the spac-
es between the main support props on the mined-out side, a
series of two props was installed between the main support
frames. After the active stage of rock movement had passed,
the hydraulic props or friction props were removed and moved
forward to the longwall, while the wooden props remained un-
til the working face was abandoned. This method ensured the
working surface remained operational until its abandonment.

At the Vorkutinskaya mine (Russia), a method of protecting
workings using strips of lightweight gold-cement blocks was
successfully tested during development of the «Chetverty»
seam [2]. The seam thickness is 1.48 m. Roof displacements
in the experimental section of the workings were reduced by
1.5-2.0 times compared to the original.

At the «Zyryanovskaya» mine of the «Yuzhkuzbassugol»
Production Association [3], portable hydraulic pillar support
was used as reinforcement. The main support for the work-
ings consisted of three bolts with metal caps under a metal
mesh. At the junction of the roadway with the longwall, on the
mined-out side, a row of wooden hydraulic pillar support was
installed at a rate of 3 frames per meter. A row of hydraulic
pillars was used as reinforcing cut-off support at a distance of
5—6 m behind the longwall face. At a distance of 100 m behind
the longwall face, the hydraulic pillar was removed and moved
forward to the longwall face, and a leg of the standard support
was installed in its place. The condition of the workings was
satisfactory. This method is recommended for use in seams up
to 3.5 m thick.

At the «Glubokaya» mine of the «Donetskugol» Produc-
tion Association, the 35th eastern passage was protected by an
8-meter wide rubble strip. The working support was an AP-3
arched metal one.

Hydraulic prop reinforcement was installed under the sup-
port frames, with a total bearing capacity of 500 kN/m. The
roof rock is 13 m thick clay shale. Roof and soil displacements
were reduced by a factor of 1.5. At the «Krasnoarmeyska-
ya — Kapitalnaya» mine, at depths of 850-950 m, the use of
reinforcement with a bearing capacity of 700 kN/m reduces
heaving of sandy shale in the soil by 20-35%.

There is also experience in protecting reused workings with
artificial fencing [5, 6, 7], for example, single or double rubble
strips, reinforced concrete blocks, rolling fires, wooden organ
1-3-row supports, bollards made of expanded clay concrete,
sawdust concrete, and reinforced concrete blocks enclosed in
wooden fires (PA «Donbassanthracite», PA «Rostovugol»).
These types of structures are often destroyed at some distance
behind the longwall by thick sandstones lying in the roof or
are pressed into weak soil rocks, failing to ensure a satisfactory
state of the workings. Research Institute of Mining has devel-
oped II-shaped structures of reinforced concrete blocks filled
with sand or rock intended for seams up to 2.5 m thick.

Cast strips constructed from hardening materials are con-
sidered highly rigid artificial protective structures [8]. Strips at
least 0.7 times the seam thickness wide are mechanized behind
the working face and, due to the high rate of material harden-
ing, begin to quickly absorb loads. This is a typical support-cut

artificial barrier, performing both cutoff functions due to its
high rigidity and support functions due to its high load-bearing
capacity.

In some cases, it is advisable to carry out workings towards
the existing working face, adjacent to the mined-out space [9],
or to carry out (design) them in it.

In the most challenging mining and geological conditions,
development workings were typically constructed and main-
tained using arched supports. Currently, bollards made of re-
inforced concrete blocks, reinforced concrete blocks, and fire
supports combined with organ supports are widely used.

However, despite scientific and technological progress, the
problem of maintaining workings using pillarless technology
with the reuse of mining workings has not been fully resolved.
This is primarily due to the fact that the currently used method
of supporting workings using framed metal arched and trape-
zoidal supports with reinforcing props is highly labor-inten-
sive and metal-intensive. However, in conditions where the
coal seam roofs contain layered fractured rocks over 3—4 me-
ters thick, and the main roof contains difficult-to-break rock,
maintenance-free workings cannot be ensured for the entire
service life of the working.

Statement of the research problem. The change in the length
of the consoles on the side of the mined-out space directly af-
fects the stress-strain state of the near-edge massif, the size of
the displacement zones in the edge zones of the longwall face
and the load on the support that outlines the workings.

The conduct of cleaning operations leads to a periodic change
in the length of the hanging consoles, which entails a periodic
change in stresses, under the influence of which complex geo-
mechanical processes occur in the marginal zones of the long-
wall, as well as in the rocks enclosing the workings, the result of
which is a decrease in the stability of the workings in question.

Changes in the velocities and magnitudes of displacements
in the contour of the workings depend on their protection
methods, the physical and mechanical properties of the host
rock, the shape and size of the workings’ cross-section, and
the technological features of the mining operations. During
non-core mining, workings for reuse must be sufficiently sta-
ble and meet safety regulations regarding the cross-sectional
area. This can be achieved if the deformations and stresses in
the marginal zone of the workings in question do not exceed
permissible values. To reduce the costs of protecting and main-
taining the workings, it is necessary to reduce the stresses in
the marginal zone of the workings, thereby reducing the load
on the protective structures.

A promising approach to reducing the labor and metal con-
sumption of supporting workings and increasing their stability
is the use of roof bolts. However, experience has shown that
using conventional rigid roof bolts 1.8—2 meters long is effec-
tive only for roofs with low thicknesses and small displace-
ments during development outside the working zone. Large
rock movements in the bearing pressure zone of the first face,
and especially during periods of supporting workings at the
boundary with the mined-out space, have led to the breakout of
locks or failure of rods, necessitating the installation of frame
supports in these workings as well. Therefore, the urgent prob-
lem of reliably supporting reusable, non-bolted workings us-
ing cost-effective roof bolts remains unresolved.

T'opnwit scyprnan Kazaxcmana Ne5’ 2026
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To determine the stability of the workings supported be-
hind the production face, a selection of technical documenta-
tion from various mines in the Karaganda basin was made for
the development of thin and complex seams. The parameters
and design features of the lining reinforcement and workings
protection against the effects of mining operations were iden-
tified. Analysis showed that the selection of these means for
specific mining and geological conditions is often made in an
unsystematic manner, ignoring such an important factor as the
extracted seam thickness, and failing to achieve the required
workings stability. Analysis of the measurement results [10]
made it possible to determine the stress-strain state of the coal
and rock mass around the workings for specific mining and
geological conditions, depending on the lining reinforcement
and protection methods. In terms of magnitude and distribu-
tion of stress concentration at a seam thickness of 1 to 2 m
and protection of the workings with wooden fires and block
walls: the maximum values on the coal massif side and on the
mined-out space side are approximately the same and amount
to 150-170 kN/m?, and with organ support they decrease to
130-150 kN/m? (Table 1). At a coal seam thickness of 2.0-2.5
m and protection with organ support: on the massif side, the
stress concentration is 160—170 kN/m?, and on the mined-out
space side — 230-250 kN/m?, above the working head — 50-70
kN/m? (Figures 1, 2). Moreover, an increase in the number of
organ rows reduces the rigidity of the support and the use of
more than one organ row is irrational.

Table 1
Maximum stresses in a rock mass, surrounding the
workings
Kecme 1

Ka3zoanapovl Kopuian mypzan may HcolHblCHIAPLIHBIH
MACCacbiHOAZbl MAKCUMATIObL KepHeyiep
Tabnuua 1
Maxcumanbvhvle HARPAICEHUA 8 20PHOM MaAcCCUge,
OKpysicalouiem 2opHole 6blpadomKu

Maximum stress values,
kN/m?
Seam from the
thickness, | Security equipment | from the .
. side of the
m side of the .
. mined-out
massif
space
Double-row organ 170-250 150240
support
Three-row organ
2025 support W{th rubble 150 230
strip
Three-row organ
support with rubble 170 300
strip
Wooden fires 170 180
Wooden wall 170 180
1.0-19 | Single-row organ 145 130
support
Double-row organ 150 140
support
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The nature of the pressure distribution depends on the ex-
tracted thickness of the seam; for example, the displacement
and convergence of roof and soil rocks with an increase in
the thickness of the seam from 1.0 to 2.0 m increases by an
average of 10-20%.
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Figure 1. Distribution of rock pressure stresses P at
protection of mine workings with organ rows.
Cyper 1. Tay-keH Ka30aJapbIH OPraHNKAIBIK

KaTapJjapMeH KOpFay Ke3iH/ie Tay-KeH KbICbIMBIHBIH P
KepHeyiH 0eJ1y.
Puc. 1. Pacnipenesienne Hanpsiakenuii P ropHoro naBinenus
NPH 3aLHTe TOPHBIX BLIPA0OTOK OPraHHbIMH PSAJAMH.
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Figure 2. Distribution of rock pressure stresses P for
different methods of protecting mine workings.
Cyper 2. Tay-keH Ka30ajJapblH KOPFayIbIH dPTYP.ii
dicrepi yuin P sKbIHBICHIHAAFBI KbICHIM KepHEYiH 00J1y.
Puc. 2. Pacnipenesienne HanpsizkeHuii JaBjIeHUs1 B I0pojie
P 10151 pa3inyHbIX METOA0B 3aLIUThI FTOPHBIX BHIPA0OTOK.

Reduction of vertical displacements is ensured by increasing
the bearing capacity of the workings support and increasing the
rigidity of the reinforcement and protection means. Compar-
ing the obtained data with the values of the load on the work-
ings support in relation to the VNIMI classification, according
to which loads from the roof for workings up to 60 kN/m? are
classified as favorable support conditions; 60—-120 kN/m? — as
average; 120-350 kN/m? — as severe, it can be concluded that
the conditions for supporting the workings behind the longwall
in the Karaganda basin are relatively difficult.

To establish patterns of influence of mining and geological
factors on the operational characteristics of mine workings,
conditions and costs of maintenance, possible ranges of their
variation were considered based on the physical and mechan-
ical properties of roof and soil rocks, water inflow, etc., using
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the example of the conveyor intermediate roadway 43K2-3
of the K2 seam of the Kostenko mine of the Karaganda coal
basin. Statistical data were established on the nature of heav-
ing of the mine working soil, displacement of roof rocks, and
deformation of the working support elements. With soft soil
rocks made of siltstones and argillites with a strength of up
to 2 MPa, soil heaving was up to 2.5-2.9 m along the entire
cross-section of the working, and with strong soil rocks, its
fractures in the internal cross-section of the working occurred
with a displacement from the axis of the working by 0.5 m
towards the intact coal massif. Flattening (squeezing out) of
the upper logs into the cavity of the working was observed
from the side of the mined-out space (10% of the length of the
working — E1); ruptures of lock joints (stirrups and strips) on
the elements of the support reinforcement of the UKR: from
the side of the pillar (0.2% — E6), from the side of the mined-
out space (2.5%), upper UKR (33% — ES5). Along the length of
the working, the extrusion of the lateral legs was observed: on
the pillar side at 8.8% (E2) of the working length, which led
to the loss of the bearing capacity of the working support and
required its re-supporting over 6.7% of its length or at least
replacement of the lateral arched legs; on the mined-out side,
the extrusion of the lateral legs of the arched metal support
occurred at 2.1% (E3) of the working length. The extrusion of
both lateral legs of the arched support occurred at 1.6% (E4) of
the working length, necessitating re-supporting in this area. In
a number of sections — 1.2% of the working length, due to sec-
ondary roof settlements, the lateral posts of the arched support
and, in part, the frame as a whole are inclined in the direction
opposite to the direction of movement of the working face.
The following factors are accepted as influencing factors:
the presence of zones of increased rock pressure; the strength
characteristics of the roof and soil rocks of the formation and
their thickness; the structure and water saturation of the rocks;
the step of the main roof settlement; the presence of geological
disturbances of a disjunctive nature; the speed of movement
of the longwall face; the power characteristics of the lining of
the workings.
The dependence of the costs (7'3) for maintaining the ob-
served conveyor intermediate drift 43K, ; on the influence of

the HMP zones (Pp,;p) is exponential, the formation distur-
bances (P,) and the characteristics of the soil rocks (Pgy) are
inversely proportional, and the roof rocks (Py) are parabolic.
The general form of the dependence is as follows (with a cor-
relation coefficient of 0.97):

’

2
Ts = 0,153e%264Pumr 4 0,234 — +0,0008P% —

D
0,468

SR

—0,0042P;, —

Of the above factors, the maximum stress increases (up to
70% of the total values) are caused by the PGD zones.

The calculations made allowed us to establish that the cost
of maintaining a conveyor intermediate drift in the conditions
of the K2 seam of the Kostenko mine amounts to 10 to 15% of
the initial cost of the working, taking into account the costs of
installing reinforcement in the working.

To compare the expected displacements of roof and ground
rocks under various technological schemes for mining thin,
flat seams in the Karaganda basin, geomechanical studies
were conducted (Table 2) using averaged actual data for the
technological parameters of the extraction. The length of the
extraction pillar is 1800 m, the rate of advance of the work-
ing faces is 60—70 m/month, the speed of development of the
workings is 250-300 m/month, with a downtime between the
end of the excavation and the start of extraction pillar develop-
ment of 5-7 months.

The results of the analysis indicate that the conditions for
maintaining workings formed behind the longwall face are
1.3-2.5 times more severe and are reused 1.7-3.5 times com-
pared to the cuttings and workings driven in the coal massif.

Note - V,.;,, and V_,, are the rates of rock displacement, re-
spectively, outside the zone of influence of mining operations
and in the zone of established rock pressure; U,,, Uy, U,, U,
are rock displacements in the zone of, respectively, temporary
support pressure in front of the first and second longwall faces;
active roof displacements behind the first longwall face; the
total value of expected convergence.

Table 2

Expected roof and soil displacements in mine workings

Kecme 2

Kaszoanapowvt Kopuwian mypzan may HcolHbICIAPbIHbLY MACCACIHOAZbL MAKCUMATIObL KepHeY1ep

Taonuya 2

Maxkcumanvhnoie HANPANHCEHUA 8 20PHOM MACCUBE, OKPYIHCAIOU{eM 20PHblE 8bIPAOOMKU

Nature of the event Calculated values
extraction workings Vocino: Veerps U, U U., U,
mm/day mm/day mm mm mm mm
Passed in the massif 0.5 - 60 - - 250
Cutting mine workings 1.1 - 110 - - 500
Designed behind the lava - 1.5 - 110 160 680

Supported by lava:

— organ ranks 0.5 1.5 60 110 160 850
— rock support 0.9 0.9 60 110 140 850
— rubble fires 0.6 0.7 60 110 150 850
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Results and discussion

Strengthening the roof support with cable anchors increases
the strength of the marginal rock mass at the junction of the
longwall and the drift, in areas subject to supporting pressure
from the working face and the impact of the mined space, and
redistributes the load on the roadway support. Binding the
rock mass with deep-set anchors delays its displacement, and
after the roof settles, the reinforced rock mass is supported by
the broken rock behind the mechanized system.

In this case, the anchor support is calculated in such a way
as to ensure safe working conditions at the junction of the
working face with the drift, and subsequently to preserve the
workings for reuse and its maintenance without repairs for the
entire period of operation.

A mine support system for low- and medium-thickness
seams, preserved for reuse at the boundary with the mined-out
space, can be used. Reinforcement of the mine support with
cable anchors is used to preserve the workings, for gas control,
drainage, emergency exits, and reuse.

When developing the support of workings for their pres-
ervation for the purpose of reuse by the adjacent longwall,
the geomechanical basis for the calculation is the following
provisions: the formation of a supporting beam by first-lev-
el anchors (Figure 3); the roof rocks of the working outside
the natural pressure dome have smaller displacements and
greater resistance to loads than the rocks in the dome; dis-
placements of the roof rocks behind the longwall lead to an
increase in the span of the pressure dome by the amount of
possible destruction of the sides of the working and, accord-
ingly, a significant increase in the dimensions of the natural
pressure dome; the connection of the marginal rock mass in
the natural pressure dome with the overlying rocks by means
of deep-laid anchors leads to the suspension of the formed
supporting beam of rocks to a stable massif and balancing the
load on the working support.

Conclusion

Strengthening the roof support with cable anchors increases
the strength of the marginal rock mass at the junction of the
longwall and the roadway, in areas subject to supporting pres-
sure from the working face and the impact of the mined space,
and redistributes the load on the roadway support. Binding the
rock mass with deep-set anchors delays its displacement, and
after the roof settles, the reinforced rock mass is supported by
the broken rock behind the mechanized system.
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Figure 3. Preservation of workings at the boundary with
mined-out space for reuse: a — section,; b — production
profile.

Cyper 3. KaiiTa naiizanany yuin eHaipijiren keticriri
fap mexkapagarbl Kazdajaapabl KOHCEpBaNMsLIAy:

a — kuma, b — enoipic npoghuni.

Puc. 3. KoncepBauusi BbIpadoTOK Ha rpaHHIle €
BbIPA0OTAaHHBIM MPOCTPAHCTBOM /LISl IOBTOPHOTO
HCMOJIB30BAHUSL: @ — paspe3;, b — npoguns npouzsoocmaa.

max 15m

In this case, the anchor support is calculated in such a way
as to ensure safe working conditions at the junction of the
working face with the drift, and subsequently to preserve the
workings for reuse and its maintenance without repairs for the
entire period of operation.
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