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ABSTRACT

Maintaining and increasing the volume of underground coal mining is possible only if there is a
highly efficient technology for conducting and maintaining preparatory workings. The purpose of
the research was to assess the parameters of stability control of the contours of the mine
workings, anchored with anchorage, to create a technology for intensive and safe excavation of
mine workings based on the identified patterns of behavior of adjacent rock massifs. The idea of
the approach is to use a man-made stress-strain state to develop an effective technology for
fixing a contour rock mass. The mechanism of deformation, displacement, and collapse of rocks
in a structurally disturbed inhomogeneous mountain range is investigated to assess the state of
the rock mass around the mine workings. The technology of fastening contiguous soil rocks has
been developed taking into account the state of the mountain massif around the workings and
the parameters of the operation of the anchor supports in mines for fixing rods in workings in
order to ensure the safety of mining operations in the mines of the Karaganda coal basin have
been determined.

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

Stable growth in the volume of underground
coal mining is possible only when using effective
and safe technology to conduct and maintain
production workings.

Currently, more than 65% of all mine workings
in the Karaganda coal basin are anchored, which
allows to expand the technological possibilities of
underground coal mining [[1, [2]].

An anchoring system of the carbon rock mass
limits deformation and allows horizontal stress to
hold the roof in place without destroying it. If the

height of the stratified rock is lower than the
anchoring level, the condition of the excavation will
be satisfied, ensuring that the rock stress remains
unchanged. If the height of the stratified rock in the
roof is higher than the first level of the excavation
anchoring, the increase in stress before the face,
will cause the collapse of the roof. Longer second
level anchors will be required to maintain the
excavation. In practice the non-pillar development
systems used in direct ventilation schemes, it is
reasonable to use workings.

World experience of advanced coal-mining
countries (USA, Australia, China, etc.) shows that
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effective and reliable fastening of capital and
preparatory mine workings can be provided by
using steel-polymer anchors with a load-bearing
strength of at least 100 - 130 kN [3]. Monitoring the
use of anchorage in coal mines shows that it is used
in accordance with existing regulations as the main
and auxiliary in combination with metal frame
compressible support. The existing methods for
determining the parameters of anchoring are based
on the fixing of excavations by creating an anchor
bridge or "hanger" of relatively weak layers to the
strong zone of hard grounds [[4], [5]].

Improvement of anchoring technology and
expansion of the area of anchoring support are a
priority in the mining industry, which allows for an
increase in the stability of mine workings at a high
rate and reduces the cost of their support [6].

To increase the efficiency of rock mass support
around the excavation for its strengthening, a
purposeful geotechnological impact on the stressed
and deformed zones with active manifestations of
pressure around mine workings on the basis of the
results of production monitoring and modeling of
the "wall rock mass - contour support" system is
necessary [[7], [8]].

Therefore, one of the important scientific and
applied research in the coal mining industry is the
application of strengthening technology using
anchoring in soft wall rock around the rock artificial
cavities supported behind the face on the border
with the mined-out space, taking into account the
technogenic state of the adjacent rocks of the rock
massif.

The use of various types of supports with
unsatisfactory load-bearing capacity and
constructive suppleness with relatively low rock
strength is the main reason for the unsatisfactory
condition of underground mine workings [[9],
[10]].

Conducting mine workings with active support
systems is one of the most common and
progressive types of mine support. The use of this
type of support can significantly improve conditions
for safe work performance. The main advantage of
active fastening is that the fastener begins to
function as soon as it is installed. This prevents the
collapse of the rock mass, reduces the zone of non-
elastic deformations around the excavation, and
thus increases the stability of the excavation with a
minimum amount of supporting material [[11],
[12]].

Increasing the level of underground coal mining
is possible only if there is a rational technology and
reliable support of preparatory workings, providing
an increase in the volume of tunneling work.
Therefore, the development of advanced
technology of mine workings based on the
definition of the stress-strain state (SSS) of the
massif and its influence on the parameters of
support and subsequent maintenance, is an
important scientific and technical task of mining
production [[13], [14]].

Study methods: a comprehensive research
methodology  was used, including the
generalization, assessment, and analysis of

specialized information contained in the production
practice, literature sources; statistical processing of
numerical information; experimental mine studies
[[15], [16]].

Experimental part

To solve various problems associated with
finding the most effective method of supporting
preparatory mine workings, in practice a large
number of methods of actual measurement are
used. According to their physical essence, these
studies are reduced to measuring the density of
rocks, observation of deformations, and
displacements of excavation contours [[17], [18]].

To determine the characteristics of
deformation and development of displacement of
contour rock mass near the preparatory workings,
we conducted field observations of displacements
of rocks roof, soil, and sides of preparatory
workings (for example, conveyor entry 231k19-s -
Table 1) of Abaiskaya mine of the Karaganda coal
basin. To assess the complexity, disturbance, and
methods of impact on the rock massif, Figure 1
shows the types of complex conditions, the
characteristics of the rock massif, the nature of the
manifestation of complexity, and the nature of the
manifestation of deformations.

Analysis of mining-geological and mining-
technical conditions of the conveyor entry 231kis-c
of Abaiskaya mine showed that among the factors
that have adverse effects noted: the possibility of
encountering unpredictable small-amplitude
disturbances, opening and departure from the
formation, encountering a geological fault with
H=0,9 m, a geological fault of "up-throw" type with
the amplitude of H=17 m.
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Table 1 - Technical characteristics of belt entry 231k1s-c

. Length . . Cross- Set laggin
Name of workings &t Width, m Height, m . , | Support type geing
m section, m type
Belt entry 231Kio-C 1120 4.5 3.0 13.5 Anchor mesh /ZMP
Type of Characteristics of The nature of the The nature of the
iti i manifestation of manifestation of
conditions the rock massif v .
Complex- Fires, worsening Workings
T structural rocks conditions collapse
» Geothermal
Frozen grounds Formation of melting Movement of
manifestations ™ rocks
st ated Feeder lIncreasing methane
rock == gas concentrations
» Gasdynamic
Underworked Gas-carbon Increase in the
seam emissions number of mine
accidents
q Destruction of
» Geodynamic |, Bump hazardous Gz by workings on large
grounds
areas
. Swelling of the Reducing the
- Swellingrocks | ) “mvagm cross-section of
» Geomechani eround e
cal
Highly disturbed Contour Excavation
array || deflections, rock operation failure
destruction
Robust water-
bearing rocks Flooding in Increased
| — i
» Saturated mining cavities deformations of
> Soft water- mine workings
saturated rocks contours

Figure 1 — Assessment of deformation manifestations considering mining and geological conditions of development

In the zones of interception rocks are fractured,
kaolized, stable, prone to collapse, and falling out
[[19], [20]]. Figure 2 shows the section of the excavation
during its implementation.

Discussion of results

Field studies of the condition of the belt entry
231kyg-c for 3 months showed that, in general, the
deformation processes proceed evenly throughout
the contour of the excavation. In some places, the
most intense displacements of the sides and roof of
the workings are observed. Also, ground swelling in
the excavation was detected. Figure 3 shows the
dynamics of displacement of the left (a) and right
(b) sides of the excavation.

According to field observations, in the first
month after the installation of the measuring

device displacement and deformation of the left
side of the excavation was 6 mm. In the second
month, the deformation of the left side was 7 mm.
The third month of field observations of the mine
working condition showed that the displacements
were 5 mm. The total deformation and
displacement of the left side of the excavation over
3 months was 17 mm.

Full-scale observations of the condition of the
sides of the workings showed that the
displacement and deformation in the first month
amounted to 6 mm, in the second month the
deformation was - 5 mm. In the third month the
displacement was 7 mm. The total deformation and
displacement of the sides of the excavation for 3
months was 18 mm. In general, the values obtained
are within the range of permissible displacements
of the mine workings. The displacements of the
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excavation sides are the result of elastic deformations of
the massif. The total deformation and displacement of
the excavation roof was 10 mm - figure 4.

Figure 2 — Excavation cross-section during its conduct of
the belt entry 231kao-s
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Figure 3 — Dynamics of development of displacements of
the right (a) and left (b) sides of the belt entry 231kis-c
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Figure 4 — Dynamics of displacement of roof rocks (a)
and ground (b) of belt entry 231ka9-c

On average, the total values of ground swelling
were 26 mm. The most intense ground swelling was
recorded on the right side of the excavation and
reached 40 mm - figure 5.

mash mm I
junction point 8
straddle from the forest
should be installed under
the SVP - 27 profile after Im
g
POT o
2159 «
VD, n
@75 -
E
v e nduit
g Junction point 7 soadui
4,5m-4,8m

Figure 5 — Operational cross-section of belt entry 231kao-
¢ and during field production observations
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Figure 5 clearly shows that the negative
condition of the mine is influenced by the unloaded
rock mass, which was formed as a result of previous
mining operations at face 231kjs-c.

Figure 6 shows the deformation of the contours
of the belt entry 231kis-c during field observation
of the condition of the contours of the excavation.

Figure 6 — Deformations of contours of belt entry
231kig-s of Abaiskaya mine, Karaganda coal basin

Functional dependences of the deformations of
excavation contours in time were established
(regression coefficient 0.99):

- swelling of the ground: y.*=0,095 In(x)+0,2;

- roof displacements: y*=0,045 In(x)+0,1;

- side displacements: y»*=0,035 In(x)+0,1.

Conclusions

Studies of the state of mine workings (by the
example of the belt entry 231kis-s) of Abaiskaya
mine allowed to determine the degree of influence
of mining-geological and mining-technical factors
on the displacement in the near-contour rocks
using different methods of mine workings support.
The identified patterns in the deformations of mine
workings contours can be used to select and
calculate the most optimal method of supporting
preparatory mine workings in various mining and
geological conditions. Functional dependences of
the deformations of excavation contours in time
were established (regression coefficient 0.99):
swelling of the ground: yn=0,095
In(x)+0,2; roof: yk=0,045 In(x)+0,1 and sides
displacements: y6=0,035 In(x)+0,1, that can be used
to determine the parameters of support of mine
workings.

Assessment of geomechanical processes taking
place in the rock massif with the establishment of
optimal parameters of support, taking into account
the current economic indicators for the conduct of
preparatory excavations, taking into account the
technogenic state of the massive rocks.
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TYRIHAEME

Kemip eHAipyAiH, epacTbl KeNeMiH KanbiNTbl yCTan Typy KaHe YAFauTy AaiblHAbIK KazbanapbiH
JKYPri3y MEH KONAayAblH XKoFapbl TUiIMAT TeXHONOrMACkl bonFaH Kafaalaa faHa MyMKiH 6onaabl.
3epTTeydiH, MakcaTbl iprenec Tay KbIHbICTapbl MACCUBTEpPiHIH, aHbIKTaNfaH dpPEKeT eTy
3aHAbIbIKTapbl Heri3iHge Kasba Tay-keH KasbanapblH KapKbIHAbI KIHe Kayincis »Kyprisy
TEXHO/IOTUACBIH KypY YLWiH AKOpb BekiTKiwimeH 6eKiTinreH Tay-KeH Kasbanapbl KOHTYPAAPbIHbIH,
TYPaKTbINbIFbIH Backapy napameTpnepiH 6afanay 6onapl. TacingiH, MAEACbl KOHTYPAbIK Tay
JKOTacblH  BekiTyaiH,  TMiMAI  TeXHONOTUACbIH - 33ipaey  YWIH  TEeXHOreHAiK  KepHeyni-
AedbopmaumanaHfaH  KyWhai  nanganadHy 6osbin Tabblnagpl.  Tay-KeH  KasbanapbiHbiH
aliHanacblHAAFbl Tay JKbIHLICTAPbIHbIH, KaW-KyhiH 6afanay YWiH KypbuibiMablK 6y3binfaH
reTeporeHAi Tay >KbIHbICTapbIHAAFbl KbIHbICTapPAbIH, AePOPMALMACHI, KbIIXKYbI KaHe Kynay
MexaHusmi 3eptrengi. KapafaHabl Kemip 6acCeiHiHiH, LiaxTanapbliHAA Tay-KEH KYMbICTapbIH
JKYprisy Kayincisgirii kamtamacbi3 eTy MakcaTbiHAa Kasbanapga wraHranapabl 6ekity yuwiH
WaxTanapaa AKopb BekiTKiWTepiH NainaanaHy napameTpaepi akbiHAANAbI.

TyiiiHOi ce30ep: Tay-KeH Kasbanapbl, bekiTy napameTpsiepi, reomexaHUKaNbIK NpoLecTep, AKOpb
BeKiTKiLWi, Tay KbICbIMbIHbIH, KOPIHICTEPI, TEXHONOTUANBIK CXeManap.
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AHHOTAUMUA

MNoaaepkaHue u ysennyeHne obbema NoA3eMHON A06bIUM YIAA BO3SMOXKHO ANULWb NPU HAANYUK
BbICOKO3(hHEKTUBHON TEXHONOMMM NPOBEAEHMA U NOALEPKAHUA NOArOTOBUTE/IbHBIX BbIPabOTOK.
Llenbio uMccnefoBaHWA ABMAACh OLEHKA NapamMeTpoB YMNpaBlAeHUA YCTOMYMBOCTbIO KOHTYpOB
rOpHbIX BbIPAabOTOK, 3aKpenneHHbIX aHKEPHOW KpPenbto, A8 CO34aHNA TEXHONOTMU UHTEHCMBHOTO
M 6HesonacHOro npoBeAeHUA BbIEMOYHbIX TFOPHbIX BbIPAOOTOK Ha OCHOBE BbIABAEHHbIX
33aKOHOMEPHOCTEW NOBEAEHUA NMPUMbIKAIOWMX K HAM MacCMBOB FrOpHbIX nopod. Maea noaxopa
3aKNK0YAETCA B UCMO/b30BAHUMN TEXHOTEHHOTO HanpAXKeHHO-4ehOPMUPOBAHHONO COCTOAHUA ANA
pa3pabotkn 3PHEKTUBHON TEXHONOTMM  KpemnieHWs MPUKOHTYPHOrO TFOPHOrO  MaccuBa.
NccnepoBaH mexaHusm fedopmMUPOBaHUA, CABUMKEHUA W OBpyLIEeHWA Nopos B CTPYKTYPHO
HapyLweHHOM HEeOAHOPOAHOM FOPHOM MACCMBE AJIA OLLEHKM COCTOAHMA MNOPOAHOr0 Maccusa
BOKPYT rOpHbIX BbIPaboTOK. Pa3paboTaHa TEXHONOMMA KPenneHus NPUKOHTYPHbIX NOPOZ, NOYBbI C
YYEeTOM COCTOAHWA TOPHOrO MaccuMBa BOKpYr BblpaboOTKM UM onpefeneHbl MNapameTpbl
3KCN/yaTaumMM aHKepHOW Kpenmu Ha LaxTax ANA 3aKpernieHusa WTaHr B BbipaboTKkax B Lenax
obecneyeHns 6e30MacHOCTU BEAEHUA FOPHbIX PaboT Ha WwaxTax KaparaHAWMHCKOro YronbHOro
bacceitHa.

Knrovyesbie cnoea: ropHble BbIpaboOTKM, NapameTpbl KpenaeHus, reoMmexaHUYeckme npoLecchl,
aHKepHas Kpenb, NPOABAEHNA TOPHOIO AABNEHWA, TEXHONOTMYECKUE CXEMbI.
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