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INVESTIGATION OF THE INFLUENCE

OF GEOMECHANICAL PROCESSES NEAR
MINE WORKINGS ON THE FORMATION
OF LOADS ON THE SUPPORT

Abstract. This scientific work is devoted to the study of geomechanical effects during the construction, maintenance and repair of mine workings in coal mines of
the Karaganda basin. The study established that the manifestation of deformations in workings when using a combined anchor-frame support is 4-5 times less than when
using metal frame support, and the limited-yield anchor support acts as a stress compensator. The revealed patterns of changes in the stress-strain state of coal in the host
rock masses depending on mining and geological factors, which will allow, under specific operating conditions, to establish rational parameters for securing side rocks to
increase the stability of development mine workings.
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Tay-keH Ka30ajapblHa KaKbIH I'eOMeXaHMKAJIBIK NpouecTepliH OekiTKilike KyKTeMeJiepAiH KaJabINTACYbIHA
JcepiH 3epTTey

Annarna. byn makana Kaparan bl 0acceifHiHIH KOMIp IIaxTanapblHAaFbl KeH Ka30anapblH caly, Maiijanany KoHe )KOH/Iey Ke31H/eri reoMeXaHHKabIK dcepliepi 3epT-
Teyre apHasFaH. [1laxranbik Ka30anap/biH KaJIblITaH ThIC KEPIEPiHE aHKepIIiK OeKiTKIliH maiijananybl YChIHbLLABL. BipiKTipiaren aHKepiiK-KaHKANIBIK Tipey/i maiaanan-
FaH Ke3/Ie XKYMBIC OPBIHAAPBIHAAFbI Ae(OpMaIMsIapAblH KOPiHICI METal KaHKaJbl TIpEKTEp/i MaiiaaanFanH Ke3aeriaeH 4-5 ece a3 GoIaThIHbI AHBIKTAJIIbI, Il MICKTEYII
HIBIFBIMIBI SIKOPB Tiperi KepHey/li KOMIIEHCATOp peTiHjie opeKeT erefi. Tay-KeHiK *KoHe reosorHsIIbIK (hakTopiaapra OaiiaHbICTBI HETi3ri Tay-KeH MaccalaphblHia KOMIpiH
KepHeyti-aehopManusIIbIK KYHIHIH ©3repyiHiH aHbIKTaJIFaH 3aHbUIBIKTapbl HAKTHI Mai/lalaHy MapTTapblHAa KeH Ka30aiapblH UrepyaiH TYPaKThUIBIFBIH apTThIPY YIUiH
OyHipITiK )KbIHBICTAP/IBI OSKITYAIH YTHIM/IBI MApAMETpPIIePiH Oenrineyre MyMKiH/IIK Oepei.

Tyiinoi ce3dep: ankepiix, may MHCbIHbICMAPbIHbIY OPHLIKMbLIBIEL], 2COMEXAHUKANLIK NPOYecmep, HCapblKuakmary, Oepikmik, mypakmanoblpy, WbIHIKMbIPY;
cmpecc-oegopmayus Kyii.

HUcciaenoBanue BIUSIHUSI T€eOMEeXaHUYECKHX mpoueccoB BOJIH3H TOPHBIX BLIpaﬁOTOK Ha q)opanOBaHne Harpysok

Ha Kpenb

AHEOTal.ll/lﬂ. JlaHHas Hay4Has pabOTa MOCBSIIEHA UCCIICOBAHUIO TEOMEXaHNUECKHX BO3CHCTBUI IIPY POBEIACHHUH, OAIEP/KAHIUU H PEMOHTE TOPHBIX BBIPAOOTOK Ha
yronbHbIX maxrax Kaparanauuckoro 6acceiina. B xoje mccieoBanus yCTaHOBICHO, YTO MPOsIBICHHE Ae(opMariuii BBIpabOTOK IPU MCIIONB30BAaHUHM KOMOHMHUPOBAHHON
AHKEPHO-PAMHOI Kpernu MeHble B 4-5 pas, yeM U NPUMEHEHNH METaIOPAMHOM KPEIH, a OrPaHUYEHHO-TI0/IATIIMBAsk aHKEPHAs KPEIb BBIIONHAET POJIb KOMIIEHCATOpa
HaIpsoKeHHH. BBISBICHHBI 3aKOHOMEPHOCTH M3MEHEHMS HAPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS YIVISi BMEIIAIOIIMX HOPOAHBIX MACCHBOB B 3aBHCUMOCTH OT IOp-
HO-TEOJIOTHYECKHX (hAKTOPOB, YTO MO3BOJIMT B KOHKPETHBIX YCIOBHSX SKCILTyaTallUM yCTAHABINBATh PALOHAIBHbIC TAPAMETPhI KPEIUICHUSI GOKOBBIX IIOPOJ UL TOBBIILIE-
HHS yCTOHYMBOCTHU MOJATOTOBUTEIBHBIX TOPHBIX BBIPAOOTOK.

Knrwuesvle cnoga: ankeproe KpenieHie, YCouiugocms nopoo, 2eoMexaHuyecKue npoyeccol, mpeuurosamocnb, NPOYHOCHb, CMAOUNUAYUS, YNPOYHEHUe, HaNps-

JHICEHHO-0ePOPMUPOBAHHOE COCIOSIHILE.

Introduction

Securing and maintaining mine workings is one of the
components that determines the efficiency of underground
coal mining. One of the conditions for effective and safe
work when carrying out entries in mines is to ensure their sta-
bility with minimal consumption of fastening materials [1].
Supports made from heavy special-rolled profiles (arch sup-
port) do not provide the necessary stability and repair-free
maintenance of workings under significant stress in the rock
mass. Its construction is a labor-intensive process that is dif-
ficult to mechanize [2]. The material capacity of the lining
reduces the technical and economic indicators of drifting and
to a large extent restrains the pace of workings. The use of
arched-frame support does not allow increasing the rate of
drifting and labor productivity of miners, constrains reducing
the metal capacity of the support, its cost, and applying com-
prehensive mechanization of work to maintain mine work-
ings [3].

Lately, the production cost increases (over the last 5 years
by 500-700 tenge/t) due to the complication of mining and
geological conditions of development, induced by an increase
in the mining operations depth and the initial development of
seam with favorable bedding conditions; shortwalls produc-
tivity is at a low level, labor intensity in construction, mainte-
nance and renovations of mine workings is increasing, the ash
content of mined coal during preparatory works is significant
(37-41%) and has negative trend of its growth.
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The use of arched-frame support does not allow increas-
ing the rate of excavations and labor productivity of miners,
reducing the metal consumption of the support, its cost and
applying comprehensive mechanization of work to support
mine workings, therefore it is necessary to switch to progres-
sive types of fastening of mine workings, one of which, after
appropriate justification, may be anchor support [4].

Materials and methods

The length of the opening and preparatory workings in the
Karaganda coal basin, not complying with the passport for its
maintenance, is about 90 km (out of a total of 670 km), most
of it do not correspond in cross-section — 62% of workings,
in height and clearances, approximately the same — 20%. Be-
cause of heaving of the workings soil rocks the defectiveness
of workings along the profile of haulage tracks is especially
high (25% of workings).

Anomalous areas include working areas located in the
zones of: influence of geological plicative and disjunctive
disturbances; increased fracturing of host rocks and coal;
increased water content of host rocks and coal; increased
rock pressure on underworked or overworked formation
layers; on dangerous, threatened, and also not prone to
rock bursts and sudden outbursts of coal (rock) and gas; in
an undisturbed massif; in zones of high rock pressure, in
zones of influence of plicative and disjunctive disturbanc-
es; outside the zones and in the zones of influence of the
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goaf (abutment rock pressure); in watered and non-watered
rocks, etc.

The abutment pressure from the mining operations extends
over significant distances in the front of the drift (10-50 m)
and in the marginal areas (up to 15-20 m) where the extracting
headings are located. 25-45% of the total length of develop-
ment workings are constantly exposed to the influence of coal-
face work [15].

Table 1
Depths of coal seam development
Kecme 1
Komip kabammapuvin uzepy mepenoizi
Tabnuua 1
Inyounvt paspadomku y2onbHbIX RAACHIO8

Sectors by area, mines Existing Prospective
development depth of
depth, m development,
m

Industrial sector 650-810 750-910

Saran’s sector 540-640 640-740

Central sector of Sherubai- 570-600 600-670

Nura area

Sectors in Dolinka and 540-600 600-650

Karajar-Shakhan areas

Tentek area 540-600 600-650

The arched three-link support, predominantly used in the
mines of the Karaganda basin, with a load-bearing capacity in
the yielding mode of 140-220 kN and in the rigid mode — 260-
350 kN and a compliance of 0.3 m is not always sufficient to
maintain workings in a suitable condition for operation, which
requires additional use rigid and flexible pillars that clutter up
workings and increase the cost of their maintenance, frame-an-
chor support in conditions of significant delamination, rock
displacements and dynamic appearance of bearing pressure, to
reduce the load of its joint work with the p perimeter massif.

Unlike frame lining, anchor lining can be erected pre-
stressed, thus immediately after the lining erection adhesion
is increased along rock bedding planes or cracks. The anchor
system secures the rock while maintaining restrictions on roof
movement and allowing horizontal tension to hold the roof in
place, preventing it from falling out [5].

The principle of joint operation of roof bolts and host rocks
most fully meets the operating conditions of coal mines. The
best fastening option will be selected when the performance
characteristics of the support correspond to the deformation
characteristics of the perimeter massif or the measured stress
inside the massif.

When using steel-polymer anchors with fastening along
the entire length of the blast-hole, the aggregate strength of
the massif increases (close to the strength of the untouched
massif), and a load-bearing beam is created. An anchor with a
polymer composition provides high resistance to rock move-
ments at the very initial stage, i.e. at the moment when the
deformation of the contour mass can still be influenced. The
frame support is installed without grouting the fastening space.

A significant mining factor that improves the condition of
the mine is the bearing capacity of the support. As a rule, in
pool shafts the arched metal support made of special profiles
used is installed every 1.0-0.5 m (rarely every 0.25 m), which
provides a resistance from 20 to 50-70 kN/m? As practice
shows, such a reaction of the support is completely insuffi-
cient to effectively maintain workings with increasing mining
depth. Therefore, additional fastening reinforcements of the
excavation workings are used in the zone of coal-face works
influence using UKR support under longitudinal profiles, hy-
draulic struts or friction struts, which increases the cost and
labor intensity of maintenance [6].

The use of steel-polymer anchors ensures the stability of the
workings due to the strengthening within the arch of layered
roof rocks and the mechanical connection of the workings con-
tour with part of the perimeter layer of the enclosing massif [7].

The roof bolt working in tension keeps the anchor rocks
from delamination, movement and destruction. In rocks with a
layered structure, the layers of the unstable immediate roof are
either attached (hemmed) with anchors to the stable main roof,
or individual layers of rocks are fastened with anchors into one
monolithic slab, which can take the load from the overlying
rocks. In rocks with a non-layered structure, anchors fixed out-
side the natural collapse arch resist tensile forces in the rocks
of the arch — (fig. 1) [1].

Loading diagrams for the «anchor-massif» system of an-
chors with polymer or concrete fastening composition in sur-
rounding rock masses of different structures are presented in
Figure 2.

In view of the above, the objectives of the research are sub-
stantiation of managing methods for the massif state by con-
structing rational fastening structures; establishing patterns of
redistribution of rock pressure and parameters of rock move-
ment, the nature of movement of anchored rocks with their
diverse structural structure and mining technological factors;
determination of patterns of manifestation of rock pressure on
the support outside the zone and in the zone of influence of
mining operations, displacements of roof rocks, soil, and sides
of workings; modeling and establishing the parameters of an-
choring of mine workings through effective strengthening of
weakened zones [8].

The objectives of the research included using field obser-
vations to establish: the nature of the displacement of rocks
with different structural structures for the most typical roofs of
workings; determine the features of the manifestation of rock
pressure on the support when the workings are in the zone and
outside the zone of influence of the working face [9].

Factors influencing the possibility of using any support de-
sign in development workings are: the strength of the anchors
in the host rocks; the size of the area of dangerous rock de-
formations around the workings; the amount of displacement
of roof rocks, sides during the service life of the excavation
and the maximum value of safe displacement (lowering) of the
fixed roof rocks in workings during its service life. Compar-
ative analyses of rock pressure appearance in workings with
different service life and dedicated for the flat and inclined lay-
ers were conducted to solve the problems. There are also ob-
servations on the displacement and stratification of rocks using
paired and deep benchmarks during study. The strength of the
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Figure 1. Schemes of interaction of anchor support with host rocks:

a) with multi-layered rock mass, b) with low-layered roof rocks; c) with strong rocks; d) for low-resistant rocks.
Cyper 1. AnkepJiik TipeKkTepAiH Heri3ri sKbIHbICTAPMEH dPEKETTECY cXeMaapbl: @) KONKabammuol may mMaccacvl oap;
0) momen Kabammul Mobe HCLIHLICMAPLIMEH, 8) KYULMI JCOIHLICIAPMEH, 2) MO3IMOLLIZ] MOMEH JHCLIHBICINAD YULIH.
Puc. 1. CxeMbI B3aUMOIeCTBHSI AHKEPHOIl Kpenu ¢ BMEIIAIIHMHA MOPOIAMM:

a) npu MHO20CIOUCMOU NOPOOHOU Macce; 6) NPu MALOCIOUCTIBIX NOPOOAX KPOGIU,; 8) NPU NPOYHLIX NOPOOAxX, 2) npu
MAnoycmou4usblx NOpooax.

anchors in the wells was determined by the PKA hydraulic de-
vice, and the change in tension in the anchors was determined
by the DGA hydraulic dynamometer and the SPU recorder.

Results and discussion

The measurements were carried out in the conveyor drift
49K ,,-Z of the mine named after. Kuzembaev in the Karagan-
da coal basin, secured by various types of support. The defor-
mation of the development working contours in a function of
the distance from the working face (v — speed, m/day; U — ab-
solute values of displacements, m) are presented in Figures 3,
4. The lowering of the roof Ah,, the convergence of the sides
Al in the area of the coal seam and Al, in the area of under-
mining and delamination of the 1.5-meter layer of the roof 4h,
were established.

The research was carried out within 200 days from the mo-
ment of installation of the support in the untouched massif to
determine the patterns of displacement of the host rocks in
trapezoidal and arched workings secured with frame and com-
bined (anchor-frame) and anchor support. The roof descends
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most intensively in the immediate vicinity of the tunneling
face. During the first day, the amount of roof subsidence in
the area with anchor roofing was 20% during the entire ob-
servation period of 200 days, with arch-frame 30% and with
frame-anchor — 5%, and for the first 10 days — 35, 45 and 25%,
respectively. In the initial period, a significant thickness of
rocks began to move: in 10 days, the benchmark at a depth of
1.5 m lowered in the area with arched support by 10 mm, or
80% of the total lowering of this benchmark in the untouched
massif, with anchor support — 35 mm (50%) and with an an-
chor-frame — 14 mm or 20% (Figure 3) [8].

The period of observation of working stability was 20
months. The displacements of the roof rocks 20 m in front of
the longwall, in the alignment with the longwall and 100 m be-
hind it, respectively, were: frame support — 0.31, 0.49, 1.11 m;
anchor-frame support — 0.07, 0.09, 0.21 m (or 3-4 times less).

The convergence of the roof and the soil in the workings
was 750-800 mm, and 65% of the displacements were due
to heaving of the soil rocks. Conveyor workings were driven
through a narrow face and supported behind the face for reuse.
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Figure 2. Diagrams of loading the «anchor-massif» system
of steel-polymer anchors:

a) in the hard monolithic massif; b) in a fractured massif weakened
by a system of cracks sealed in a massive rock layer, c) in a
highly fractured weakened massif; 1, 19 — point; 2, 13, 20 — effect
from securing the anchor with fastening compound in the point;
3, 14 — part of the blast hole filled with fastening composition;

4 — fastening composition; 5, 15 — fastener spread limiters;

6 — anchor; 7 — part of the blast hole not filled with fastening
composition; 8 — effect from fixing the anchor in the point; 9 — base
plate and anchor nut; 10 — helical surface of the anchor; 11 — hard
monolithic massif; 12 — fastener distribution zone; 16 — highly
fractured weakened massif; 17 — elastic active crown runner; 18 —
effect from active crown runner, 21 — anchor rod reaction.
Cypert 2. Boaar-noaumepti aHKepIepaiH «3dKipiaik
MAacCCHUBY KYHeCiHIH JKYKTeJy THarpaMMaiapbl:

@) mo3imoi MOHOIUMMI Maccaoa,; 6) Maccusmix JHCbIHbLC
Kabamulnoa mulebl30anean dHCapblKmap HCynecimen aacipecen
ACAPLIKULAK, MACCUBIHOE, 8) KAMMbL JHCAPBLILAH dCIPESEH
maccusme; 1, 19 — mecix my6i; 2, 13, 20 — cayviray mybinoeei
beximkiw Kocnamen akopvoi bexiny peaxyuscel; 3, 14 — beximy
KYPamMbIMeH MOImulpblLIan mecik 6eniel; 4 — beximy Kypamvl,
5, 15 — 6eximy KypamviHbly MapanyblHa apHAIRAH WeKmeziumep;
6 — sKopy; 7 — beKimy KypamviMeH moimulpbLIMAAH MeciK
6onizi; 8 — 3aKipoi mecik mybine beximy peaxkyusicol, 9 — mipek
NnaacmuHacel MeH ankepnik eatika, 10 — saxopboiy Oypanoanel
bemi; 11 — me3imoi moHorummi maccusg, 12 — Oeximy KypamviHbiy
mapany aumagwl,; 16 — kammol Hcapwli2an dncipecer maccus, 17
— cepnimOi 6encenoi scunay,; 18 — bencendi KabvLIOAY peakyuscol;
21 — anxepaiK WmManeaHwly peaKyuscol.

Puc. 2. nopbl HArpyKeHusi CUCTEMbI «AaHKeP-MaCcCHB)»
CTAJICNOJMMEPHBIX AHKEPOB:

@) 8 NPOUHOM MOHONUMHOM MAccuee; 6) 6 MPeuUHOBAMOM MACCUBE,
ocnabneHHoM cucmemoti mpeuwjur ¢ 3a0enKoll 8 MACCUBHOM ClOe
NOPOObL, 8) 8 CUTLHO MPEUWUHOBAINOM OCIADTIEHHOM MACCUBE,

1, 19— 3a60ii wnypa, 2, 13, 20 — peaxkyusi om 3aKpenienusi ankepa
KPENesjCHviM cOCmasom 6 3aboe winypa, 3, 14 — zanonnennas
KPENexjcHbIM COCIMABOM Yacmb WNypa; 4 — KpenexicHvlil cocmas,
5, 15 — oepanuuumenu pacnpocmpanenus KpenejicHo2o cocmasa,
6 — anKep; 7 — He3aNONHEHHAs KPENeNiCHbIM COCMABOM
uacme wnypa, 8 — peakyus om 3aKpenyieHus ankepa 6 3a60e
wnypa; 9 — onopnas nauma u eatika anxepa; 10— eunmosas
nosepxnocmu amxepa, 11 — npounsiti MoHonumuwitl maccus, 12
— 30HA PACNPOCMPAHEHUS KDENeXCHo20 cocmasa, 16 — cunvHo
MpewuHo8amulil 0c1abneHHbL Maccug,; 17 — ynpyeutli akmugHblil
nooxeam; 18 — peaxyus om akmusroeo nooxeama, 21 — peaxyus
AHKEPHO20 CMEPIHCHSL.
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Figure 3. Deformation of the contours of the development
working depending on the distance to the working face:
a) 1 & 2 — convergence (R) and intensity of deformation (K)

of roof rocks and soil; b) 3, 4 & 5 — lowering of the roof,

bringing the sides closer together and heaving of the soil; c)

6, 7 & 8 — rate of deformation of the roof, sides and soil.
Cyper 3. &Kymbic 0eTiHiH KAIIBIKTHIFbIHA 0AHIAHBICTHI
JKYMBIC KOHTYPJIAPBIHBIH AedopManusachl: a) [ scane 2
— meobe HCOIHLICIAPLL MEH MONbIPAKNbIY KOHBEP2EHYUSCDL

(R) srcone degpopmayuscoiHbly KapKbiHObLIbIebl (K); 6) 3,

4 dicone 5 — wamulpovl MycCipy, HCAKMAPbIH HCAKIHOAM)
JicoHe monvipakmol Kemepy; 8) 6, 7 dcone 8 — uamulpovlH,
byuipnepoin dcane monvipakmoiy depopmayus
AHCHIIOAMOBIEDL.

Puc. 3. lepopmanusi KOHTYPOB MOATOTOBUTEIHLHOM
BHIPA0OTKH B 3aBHCHUMOCTH OT PACCTOSIHHS 10 OYMCTHOTO
3a00s: a) [ u 2 — conudcenue (R) u unmencusHocmo
deghopmayuu (K) nopoo kposnu u nouswt; 6) 3, 4 u 5 —
onyckanue Kpogiu, conudicenie OOKos u nyuenue noygwl, 8) 0,
7 u 8 — ckopocms dehopmayuu Kpoeuu, 6OKO8 U NOUEHL.
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The zone size of the longwall advanced support pressure was
120-130 m, and intense soil heaving and deformation of the
support were observed in the workings. 20-30 m ahead of the
longwall face the soil rocks were undermined to a depth of
0.8-1.0 m, the convergence of the roof and soil in the workings
at the longwall face line was 0.126 m. Behind the longwall,
the intensity of the displacements remained quite high, and at
100-150 m, reconsolidation and secondary demolition of the
working soil were carried out.

To assess the load characteristics of anchor fastening of
mine workings in the conditions of the mine named after.
Kuzembaev of the Karaganda coal basin during the prepara-
tion of longwall 19K7-Z, a conveyor drift secured with anchor
bolts was examined over 288 m. The working was secured by
installing anchors with a diameter of 22 mm, a length of 1.8 m,
5 pieces in a row, with a distance between rows of 0.7 m [11].

At the 10-20 m from the longwall the maximum vertical
displacement of the roof rocks in front of the line of the work-
ing face was 0.025-0.03 m with following attenuation at 30-35
m. The displacement of the roof rocks in the supported part
reached a value of 0.52-0.55 m. The magnitude of vertical dis-
placements at the junction of the conveyor drift with the long-
wall was 0.025-0.045 m [11].

The calculations show that during the maintenance period of
3-5 years displacements of roof rocks increase (0.3-0.5 m and
more) with deepening the development depth (up to 750-800 m)
and increasing the cross-section of mine workings (up to 18-20
m?), as well as displacements of soil (0.4-0.6 m or more) on their
contour with a load on the support (up to 800-900 kN), which
requires an increased density of frame support (2.6-2.7 frames/
linear meter) and higher costs for mining operations.

Conducted comparative studies of rock pressure appear-
ance in workings with various types of fastening allowed to
establish the nature of their operational performance. At the
same time, the deformation of mine workings with combined
anchor-frame support is 4-5 times less than with metal frame
support.

N N
A ORI

02 04 06 0g 1.0 {0 YH
R

1 L 1 L 1 L

20 30 40 50 60 70 Rc, MPa

77— arched; — anchor, M- combined

Figure 4. Dependence of maximum and minimum
displacement propagation.
Cyper 4. /KpLLKyJapIbIH MAKCUMAJIIbI KOHE
MHMHHUMAJABI TAPAJTYbIHA TIYeJIALTIK.
Puc. 4. 3aBucuMOCTh MAKCMMAJILHOTO 1 MUHMMAJIHHOTO
pacnpocTpaHeHHUsl CMeIleHn .
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It is important to combine the operating modes of flexible
anchors and metal frame support (MFES) in order to ensure
high load-bearing capacity with the transition from the limited
compliant mode of fixed anchors to a joint hard mode of op-
eration using self-support of the surrounding rock mass [6, 7].

Figure 4 shows the dependence of the maximum and mini-
mum distribution of displacements (C, m), zones of disconti-
nuity of the host rocks on the operating parameters and area of
application for arch, anchor and combined lining.

Empirical dependencies of crack propagation zones have
the following functional form (the coefficients change):

H=-0,41+0,07S + 0,01R, — 0, ooo4¥, Q)

s
C
)

1,5 pe=====secomcdecaas S sy --7-‘)_,/

. pd /

H/Rc) m/MPa

Figure 5. Geomechanical justification for securing mine
workings to ensure their stability depending on the
manifestations of rock pressure: A, B — outside and inside
the zone of excavation works influence,; C — influence of
excavation work in front of and behind the longwall; 1— metal
arch support; 2 — metal arch and anchor support; 3 — metal
arch, anchor and reinforcement support, 4 — metal arch,
reinforcement support and flexible anchor support.
Cypert 5. Tay KbIHBICTAPBIHBIH KbICHIMBIHBIH
KepiHicTepiHe 0alJaHBICTHI 0J1aAPAbIH TYPAKTBLIBIFBIH
KaMTaMachI3 eTy YIIiH KeH Ka30aJapbiH 0eKiTyaiH
reoMeXaHUKAJBIK Heri3nemeci: A owcone B — mazapmy
HCYMBICIAPBIHBIH dCEP enty alMazblHOA HCIHE CbIPMbIHOA,
B — y3vi1 Kabvipea anoviniagsl Jcane apmulHOAebl ma3anay
HCYMBICIAPBIHBIY dCEPI,; MEeXHUKALbIK Kbi3Mem Kopcemy:
1— memann apka mipeyiui; 2 — Memaii apka HcaHe AKOPb
mipeei; 3 — Memainn apka, IKopb mipeei JHcane apmamypaivlk,
mipex; 4 — memann apxa, apmMamypanvlK mipex sHcone ukemoi
AKOpb mipeei.

Puc. 5. 'eomexanu4eckoe 000CHOBaHMeE 1O KpeIJeHHI0
TOPHBIX BHIPAOOTOK /151 00ecTiedeHusl UX YCTOHYHBOCTH
B 3aBHCHMOCTH OT IPOSIBJIEHHI TOPHOTO XaBJeHus: A u
b5 — gne u 6 30ne énuaAnusa ouucmusix pabom,; B — enuanus
OYUCTNHBIX pabom nepeo u 3a 1a6oll, noooepoicanue: 1—
MemanioapoyHou Kpenvio; 2 — MemaniloapoyHol U auKepHol
Kpenvio;, 3 — MemaniloapoyHol, AHKEPHOU KPenbio U Kpenvio
yeunenus,; 4 — MemanioapouHoll, Kpenvio YCuieHus u
Nn00AMAUBOL AHKEPHOU KPENbIo.
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Figure 6. Choosing a method for securing a mine
working: 4 — anchorage, B — flexible anchorage; C —
pliable anchorage in combination with metal arch; D —
pliable anchorage in combination with metal arch in the
zone of excavation works influence; A — working width, m;
K — coefficient depending on the purpose of the working:
excavation — 5.0, preparatory — 4.0, permanent — 1.4-1.6
[9, 11]; H—working depth, m.

Cypert 6. lllaxTaHbIH KYMBICBIH KAMTAMAaChI3 €Ty JiciH
Tanaay: A — axkopvoi beximy; B — ukemoi sikopb mipeei; B —
Memann apkamer Oipikmipineen uineiut anxep; G — bipoeil,
OIpaxK masanay HCYMblCmapwliHbly acep eny aumazbiHod
Kywetmineen mipeknet; A — ocymolc eni, m; K — xazy
MAKCamulHa OAUIAHBICMbL KO3phuyuenm, Kaiobikmapovl
enoey yuin — 5,0, oauvinovlk yutin — 4,0, kypoeni — 1,4-1,6
[8,9]; H— xaz6a mepenoizi, m.

Puc. 6. Boi6op crioco0a kpenJieHusi TOPHOIH BHIPAOOTKH:
A — anxepnoe kpennenue; b — nooamaueas anxepnas
Kpenv; B —nodamnueas ankepuas Kpenb 6 couemanuu ¢
Memannoapounol, 1" — mo dice, HO ¢ KPenvlo YCUieHUs 8 30He
GIUSAHUSL OUUCHBIX pabom; A — wupuna 8blpabomxu, m;
K — kosppuyuenm, 3aeucawuii om nasnawenus 6bipabomxu,
o5 ouucmuoix — 3,0, 0 noocomosumensvhovix — 4,0, 0nsa
kanumanvuvlx — 1,4-1,6 [9, 11]; H — enybuna 3anoscerus
8bIPAbOMKU, M.

where: S — working cross-section, m?;
R.— compressive strength of rocks, MPa;
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y — rock density, t/m’;

H — depth of development, m.

Figure 5 shows an integrated approach to reduce the nega-
tive impact of rock pressure and to ensure the operational con-
dition of excavation workings with a gravity coefficient for
maintaining workings K,= H/R, (R, is the average calculated
resistance of rocks to compression, MPa).

The safety of workings is ensured by the main metal arch
support (Nc =200 kN) in pillarless mining systems with K,< 13.

A diagram (fig. 6) is recommended to select a fastening
method using the characteristics of the mine opening and the
surrounding rock mass.

Diagram recommended in boundary conditions [9]:

1< E <25
A 2
0,5< 1 <25
where: h, r — respectively, the height and radius of the work-

ing’s arch.

The use of limitedly pliable support regulates the operating
modes of anchors with a decrease in vertical displacements
and influence on the formation of a reduced tension zone: to a
greater extent — in the roof, to a lesser extent — in the sides of
the workings.
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establish the nature of their operational performance. At the
same time, the deformation of mine workings with combined
anchor-frame support is 4-5 times less than with metal frame
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acts as a stress compensator, will make it possible to remove
critical loads and unload the support through the arch of the
host rocks onto its supporting heels.

The revealed patterns of changes in the stress-strain state of
coal in the host rock masses, depending on mining and geo-
logical factors, will allow, under specific operating conditions,
to establish rational parameters for securing side rocks to in-
crease the stability of development mine workings.
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