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ABSTRACT

Ensuring the stability of the array of enclosing rocks during the fastening of mine workings is
possible only if there is a highly efficient technology for conducting and maintaining workings.
For fixing the mining, taking into account the technological stratification of coal-bearing massifs,
a method using anchor fastening technology is recommended. The effect of the proposed
method of fastening workings is that high reliability of fastening is ensured, and the volume of
labor-intensive processes to combat the collapse and stratification of rocks is reduced. The
stability of the contours of preparatory workings, taking into account their stress-strain state,
depending on mining, geological, and technological factors of factors using the finite element
method, is investigated. The boundaries of the area of inelastic deformations are determined by
the method of successive loadings. The parameters of deformation of the lateral rocks of the
mine workings from the angle of incidence of the formation and the depth of anchoring are
considered.

Keywords: mining, fastening parameters, geomechanical processes, anchorage, manifestations
of rock pressure, technological schemes.
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Introduction

During the mining and development of coal

mining pressure resulting from the interaction of
coal-bearing rocks with mine workings.

The deformed state of the array at the time of
monitoring should be considered as an integral

seams due to the violation of the equilibrium of
rocks and redistribution of natural stresses in
mines, there is mountain pressure and a variety of
geological phenomena, realized in deformation,
destruction, movement, and shear of their various
array. Geological and mining engineering factors
have a decisive influence on the development of

picture of a multitude of geological processes
occurring and overlapping one another.

The wider application of progressive and used
in foreign practice anchoring is limited by the
insufficient study of geomechanical processes
around mine workings. From the analysis of the
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anchoring application, it was established [[1], [2],
[3]] that the main reasons for the decrease in the
volume of anchoring of workings are: complications
of mining and geological and mining engineering
conditions with the transition to the depth of
development more than 550 - 700 m. Here, the size
of the reference pressure zones in the area around
the mine workings and the intensity of rock
pressure manifestations in the mine workings
inside the minefields have significantly increased.
The cross-sectional area of mine workings,
especially of longwall mine drifts, and the volumes
of non-pillar protection of mine workings on the
boundary with the excavated space, i.e. in the zone
of shear and collapse of rocks of neighboring
excavated faces, increased by 35 - 40% (up to 20 -
22m?); insufficient study of geomechanical
processes in rocks around mine workings at the
lower horizons and the performance of anchoring
in these conditions. This applies most of all to the
size of zones of dangerous deformations (mixing,
splitting, and destruction) of rocks of the roof and
sides of excavations protected by coal pillars and
non-pillar methods.

The current trend towards the use of non-pillar
mining technology requires finding reliable means
of protecting the development workings, primarily
those adjacent to the open pit area.

As the depth of the workings increases, the
deformations of the enclosing rocks increase
intensively, significantly outpacing the growth of
the mining depth. The anchoring, working in
tension, keeps the anchored rocks from
delamination, shearing, and fracture. In rocks with
a layered structure, layers of unstable immediate
roof are either anchored to the stable main roof or
separate rock layers are anchored to form a single
monolithic slab, which is able to absorb the load
from the overlying rocks. In unstratified rocks,
anchors anchored outside the natural collapse vault
resist the tensile forces in the vault rocks, and the
anchors are set to resist the tensile forces in the
rocks of the vault [[4], [5], [6]].

In connection with the above, the objectives of
the research were: to establish the regularities of
redistribution of rock pressure and rock shear
parameters, the nature of shear of anchored rocks
with their diverse structural structure and mining-
technological factors; to determine the regularities
of manifestation of rock pressure on the support,
displacements of rocks of the roof, ground, sides of
workings; modeling and  establishing the
parameters of anchoring of mine workings by

means of effective strengthening of weakened
zones.

The research of the method justifying the
application of a limitedly yieldable anchor support,
which influences the development of fracture zones
in the contour rocks by binding and hardening them
within the initial zones of stratification, formed
outside the zone of influence of coal-face works, to
create a safety bridge, distributing pressure on the
vault heels, and playing in the subsequent in the
zone of supporting pressure, the role of
redistributing the load from the overlying rocks that
have come into shear - figure 1 is established [[7],

(8]1.
Experimental part

To determine the area of stratification of rocks
for predicting the stability and collapsibility of the
roof rocks and the displacement of the sides of
workings and the choice of rational parameters of
their carrying out, the control of the stress-strain
state of the array was carried out by devices for
controlling the deformation of the array CDA-1
(visual control of stratifications in the array) and
CDA-2  (quantitative  assessment of the
displacement of the array and stratification of the
roof rocks) - VNIMI design - Figure 2.

Displacements were measured in near-contour
rocks in the conveyor drift 78k10-v of the
Saranskaya mine of the Karaganda coal basin at a
depth of 450 m in three boreholes (central and two
at an angle of 45°to it) in the roof of the workings -
Figure 2.

The immediate mine roof of the formation is
represented by medium-stable argillites with
thickness from 1 to 5 m and strength of 15-20 MPa
with a distance between cracks of 0.5 m and the
main hard-to-collapse roof with thickness of 24-30
MPa, composed of sandstone with strength of 65-
70 MPa.

Outside the zone of influence of coal-face
works, the first delamination contour occurred
after 0.3 h at a distance of 1.6 m from the workings,
after 20 days at a distance of 2.0 m, and after 3
months. - 2,3 m (Figure 3). The most dangerous are
tensile stresses located perpendicular to the strata
exceeding the strength limits at the contacts and
causing detachment of rocks with the separation of
layers from each other, and then their collapse is
established [[9], [10], [11]]. Rock foliation slippage
occurs under the action of tangential stresses
directed along the bedding.
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Figure 1 — Complex of basic elements of interaction of underground workings with the rock array
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1, 2 - the base checkpoint and its bunch; 3- thrust collar; 4 — strainmeter;
5 — connector cable; 6 — gear CDA - 2.

Figure 2 — Device design (a) and measurement scheme (b)
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Figure 3 — Structural column of the formation and the zone of technological stratification of the near-contour rock
array of the conveyor drift 78k10-in of the Saranskaya mine
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Figure 3, b shows that three foliated contacts of
weak rocks (zones | - destructive deformations, Il -
inelastic, 1l - elastic) were formed with
corresponding zones of technological foliation of
the near-contour rock massif.

Discussion of the results

The conducted mine instrumental observations
allow us to make the following conclusions
established [[12], [13], [14]]:

- activation of rock displacements in the roof
and sides of the workings occurs almost
immediately, after the face moves 8-10 m away
from the measuring sensor;

- destruction of rocks in the sides of the
workings leads to the development of roof
deformation processes; displacements of rocks on
the contour on the side of the workings are at least
1.8 times higher than displacements on the side of
the roof;

- the smallest deformations of the roof rocks,
within the inelastic deformation zone formed
around the workings, outside the anchored
thickness, were observed in the sections of the
workings with lower values of the loosening
coefficients in the sides;

- destruction (extreme deformation) of the roof
rocks occurs in the borehole sections located at a
distance of at least 1.8 m from the workings contour
(no more than 25% of the anchored area of rocks is
destroyed).

- the well section located within the anchoring
zone is displaced as a single block without
significant foliation;

- the zone of the most intensive destruction of
rocks in the mine roof is located at a distance of
3.5m or more from the contour and is confined to
the place of interlayer contact;

- in the sides of the workings, the rock
deformation zone usually has areas of zonal
disintegration (at a distance of 0.5 - 1.0 m and 2.0 -
2.5 m from the contour, destruction occurs in the
first two days of observation with subsequent
development of destruction within the initially
undisturbed area of 1.0 - 2.0 m);

- roof rock fractures within the anchoring zone
and directly on the workings contour were
recorded in the areas of workings with intensive
deformations of the side enclosing rocks (lateral
displacements exceed vertical displacements by 4-5
times and more), as well as in case of violations of
work technology (when the gap between the

borehole walls and the anchor rod is exceeded,
which leads to incomplete gluing of the anchor in
the borehole), in areas with water dripping from
the roof and in areas with increased fracturing
caused by the presence of small-amplitude
geological disturbances.

Determination of the area of initial rock
foliation makes it possible to predict the stability
and collapsibility of the rocks of the roof and sides
of the workings in order to select rational
parameters of their conduct. Figure 4 shows the
dependences of rock pressure fracture spacing (/,
cm) on the ratio of geostatic pressure (yH, t/m?) to

the compressive strength of rocks (Rcc ,—2),
cm

and Figure 5 shows the dependences of fracture
modulus (L, pcs./m) on the layer thickness (h, m)

. kH .
and tensile strength ( Rp,—2 ), fracturing due to
cm

the presence of small-amplitude geological
disturbances.
Determination of the area of initial rock

foliation makes it possible to predict the stability
and collapsibility of the rocks of the roof and sides
of the workings in order to select rational
parameters of their conduct established [[15], [16],
[17]]. Figure 4 shows the dependences of rock
pressure fracture spacing (I, cm) on the ratio of
geostatic pressure (yH, t/m?) to the compressive

xH
strength of rocks (Rcc ,— ), and Figure 5 shows
cm

the dependences of fracture modulus (L, pcs./m) on
layer thickness (h, m) and tensile strength (Rp,
xH

CM2
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E

Figure 4 — Dependence of the distance between
rock pressure cracks on the ratio of geostatic
pressure to the compressive strength of rocks

The obtained results on foliation of rocks
allowed to create an effective method for fixing the
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mine workings taking into account the technological
foliation of coal-rock massifs with the use of anchor
fixing technology. In this case, the anchors are
installed perpendicular to the force lines of
pressure (technological foliation) occurring in the
rocks in the contour massif of the workings.

Increasing the load-bearing capacity of the rock
anchor is achieved by improving the operational
condition of the anchor, ensuring stability, and
reducing the displacement and delamination of the
enclosing rocks [[18], [19], [20]]. Figure 6 shows the
deformation patterns obtained on the basis of
analytical modeling using the finite element
method with the application of the ANZIS software
package for the technology of arch and anchor
fixing of the mine workings.

Figure 7 shows the force lines of rock pressure
at the anchoring of the mine workings (side view).

When anchoring the workings, anchors are
fixed perpendicular to the force lines of rock
pressure acting in the rock massif.

L, pofm -

o1 o4 ¥ fi,1m
t + y xH
2. - £ ),

Figure 5 — Dependence of fracture modulus on layer
thickness and tensile strength

Figure 6 - Deformation patterns at arch (a) and anchor (b) fastening of the mine workings
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Figure 7 — Anchoring of the mine workings, installed perpendicular to the lines of acting mining pressure
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Conclusions

The use of the technology of anchoring the
mine workings, installed perpendicular to the force
lines of the acting mining pressure, provides for the
reduction of displacements and delaminations of
the roof rocks and sides of the workings, the
possibility of roof collapse and extrusion of the
rocks of the sides and ground. The effect of the
proposed method of workings fastening is that the
high reliability of fastening is provided, and the
volume of labor-intensive processes to combat the
collapse and separation of rocks is reduced.

The stability of the contours of preparatory
workings with regard to their stress-strain state
depending on the mining-geological and
technological factors was investigated using the
finite element method. The boundaries of the
inelastic deformation region were determined by
the method of successive loading. The parameters
of deformation of the lateral rocks of the mine
workings from the angle of incidence of the
formation and the depth of anchoring are
considered.

Limited yielding support is characterized by an
elastic-plastic model with unstrengthening. The
installation of such anchors in weak rock will result
in the activation of the yielding knot at the
formation of the nearest fracture zone in time. The
formed arch-bridge redistributes the impact of
vertical mining pressure from the shear of overlying
rocks to the heels of the arch-adjacent side rocks,
which stops the process of formation of vertical
loading from the fracture zones to the support of
the working. The effect of roof rock management is
that a load-bearing plate with strong bonds
between blocks and increased stability of rock
outcrops is formed in the mine roof, preventing the
formation of rock foliation cracks (rock pressure
cracks) and cross-cutting process cracks.
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KeH Ka3banapbiH 6eKiTy KesiHAe Tay KblIHbICTapbl CiZIeMiHiH, OPHbIKTbI/IbIFbIH
KamMTamachbI3 eTyAiH TEXHONOIMANbIK WapTTapbl

1 Xanukosa 3.P., ! flemun B.®., ! Aemuna T.B., ! Coizabik6aesa [.C., 23aunpos LL.LL.

1 «d6inKac CarbIHO8 ambIHOGFbI KaparaHObl MexXHUKAnbIK yHU8epcumemi» KOMMepPUUAbIK eMec AKUUOHepiK KoFramel, KaparaHdel, KazakcmaH
2 @36ekcmaH Pecnybnukacel, Aamansik KanaceiHdarel "MUCUC" yammelK mexHO02UAAbIK 3epmmey yHusepcumemi xcorapsl binim 6epy
hedepandel memaekemmik asmoHomObl binim bepy meKkemeciHiH gunuansl

TYWIHAEME

Tay-KeH Kas3banapblH 6eKiTy Ke3iHA4Ee CblMbIMAbl KbIHBICTAP MACCUBIHIH,  TYPaKTbINbIFbIH

KamTamacbi3 eTy Kasbanapabl eHAeYy MEeH KONAAyAblH *KOFapbl TMIMAI TexHonoruacbl 6onfaH

JKaFganda  faHa

MYMKIH

6onagbl.  Kemip  KbIHbICTbI  CileMAEPAIH  TEXHONOTUANbBIK,

cTpaTMOMKALMACBIH  ecKepe OTbipbin, Tay-KeH KasbanapblH 6ekiTy ywWwiH aHkepni 6ekity

Makana kenpgi: 19 KazaH 2023
CapantamagaH eTTi: 26 kasaH 2023
Kabbinganap!: 14 kapawa 2023

TEXHO/IOTUACHIH KONAAHy a4ici ycbiHbinagpl. Kazbanapabl 6eKiTyAiH yCbiHbIAFaH 34iCiHiIH, acepi-
BeKiTyAiH ¥KoFapbl CEHIMAINITIH KAMTaMacbI3 eTesi }KoHe Tay *KbIHbICTAPbIHbIH, KY/1aybIMEH XaHe

CTPaTUOUKALMACBIMEH KYpPecy YLIiH Kemn yaKbITTbl Ka)KeT eTeTiH MpoLecTepdiH, Kenemi asanabl.

CoHfbl anemeHTTEP 94iciH KongaHbIn, Tay-KeH reo/IorUANbIK XoHe TeEXHONOMNANDbIK ¢aKTopnapFa

6aiinaHbICTbl OnapAablH, KepHeyni — aebopmauuanaHFaH KyWiH eckepe OTbIpbIn, AaWbIHABIK,

Ka3banapbl KOHTYpAapbIHbIH, TYPaKTbbIFbl 3epTTenai. Mylieni xyktey agicimeH cepnimai emec

nedopmaumsnap
JKbIHbICTAPbIHbIH,

alMarbiHbIH,  LWeKapanapbl
KabaTTbiH,

aHblKTanapl. Tay-KeH KasbacbiHbiH,  byiip

Kynay  OypbiWwbiHaH  XKoHe  aHKepneyaiH  TepeHairiHeH

AebopmaumanaHy napameTpsepi KapacTblpbinagpl.

TyliiHOi ce30ep: Tay-KeH Ka3banapbl, beKiTy NapameTpaepi, reomexaHuKanblK npoLectep, aHKkep
6eKiTKiLWi, Tay KbICbIMbIHbIH, KOPIHICTEPI, TEXHONOTUANBIK CXemanap.
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AHHOTAUMA

ObecneyeHmne yCTOMUYMBOCTM MacCMBa BMELLAIOWMX NOPO4, MPW KPEnieHUn ropHbiX BbIpaboTok
BO3MOHO NWLLb NPU HAaUYUK BbICOKOIPDEKTUBHOMN TEXHONOTUM NPOBEAEHUA U NOAAEPKAHUA
BbIpaboTOK. [NA KpenieHus ropHoi BbipaboTKM C y4ETOM TEXHONOMMYECKOTO PAcC/NOeHUs yrae-
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KOHTYPOB MOATOTOBUTE/IbHLIX BbIPABOTOK C YY4ETOM WX HanpsKeHHO-4edOopPMMUPOBAHHOIO
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MCNONb30BAaHMEM METOZA KOHEYHbIX 31eMeHToB. OnpeaenieHbl rpaHuubl 061acT Heynpyrux
ngedbopmaumini - MeToaoOM  MocnefoBaTeslbHbIX — HArpyKeHui. PaccMOTpeHbl  mapameTpbl
AedopMMpoBaHUA BGOKOBbLIX NOPOA rOpHOM BbIPabOTKM OT yraa NageHusa naacta v raybuHbl
aHKepoBaHuA.
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