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TECHNOLOGY OF GEOMECHANICAL PROCESS
CONTROL TO INCREASE THE STABILITY OF
THE CONTOUR MASSIF AROUND WORKINGS

Abstract. The stress-strain state, manifestations of rock pressure, and conditions for maintaining workings depending on mining and technological parameters were
studied. The studies allowed us to establish the degree of their influence on the efficiency of using anchor support for mining workings. A method for managing geomechan-
ical processes during mining operations at deep levels of coal mines was developed. The aim of the research is to create a technology for intensive and safe implementation
of mining workings based on the identified patterns of behavior of adjacent rock massifs, optimization of the parameters of technological schemes for preparatory work,
ensuring increased efficiency of underground mining operations. The idea of the research is to manage the technogenic stress-strain state (SSS) for the development of an
efficient technology for supporting the marginal rock massif.

Key words: rock pressure, anchor fastening, stress state of the massif, massif disturbance, massif fracturing, fastening of mine workings.

OHjipy aliHATBIHAAFBI KOHTYPTBIH TYPAKTHLIBIFbIH APTTHIPY YLIiH FreoMeXaHHKAJIBIK NponecTepli 0aKblIay TeXHO-

JIOTUSACHI

Angarna. Keprey-nehopManusibK Kyif, Tay-KeH joHe TEXHOJIOTHSUIBIK HapaMeTpiepre OaiinaHbICThl Tay HKbIHBICTAPBIHBIH KbICBIMBIHBIH KOPIHICTEp] JKOHE JKyMBbIC-
Tap/ibl yCTay MIapTTaphbl 3ePTTENi. 3epTTeyiep oJap/blH AaMy APEekKECiH Ka30a KyMbICTapbIH aHKepIIiK OeKITy/l maiifanaHy THIMIUINHe aHBIKTayFa MyMKIHIIK Oepi.
KeMip ImaxTanapbiHbIH TEPEeH ACHTEHIHICT] Tay-KeH KYMBICTaphl KE3iHIe TeOMEXaHUKANBIK IIPOLecTepi OaKpLIay o/ici a3ipiaeHai. 3epTTeyliH MaKcaThl — iprenec tay
JKBIHBICTAPBI MaccalapblHbIH MiHE3-KYJIKbIHBIH aHBIKTAIIFaH 3aH/IbUIBIKTAPhl HETi3iHe Ka30a KeH )KYMBICTAPBIH KApKbIH/IbI JKSHE KayillCi3 Kypri3y TEXHOIOTHSCHIH KYpY,
JAHBIH/BIK JKYMBICTAPBIHBIH TEXHOIOIUSIBIK CXeMaIapbIHBIH MapaMeTpIIepiH OHTANaHIbIPy, JKYMBIC iCTey THIMUIriH apTTHIPYABl KAMTAMAChI3 €Ty JKepPacThl Tay-KeH
eHlipici. 3epTTeyAiH HACSCHI MEKAPAIBIK KBIHBIC MACCACHIH OCKITY/IIH THIM/Ii TEXHOIOTHSCHIH 3ipJiey YIIIiH TEXHOTCHIIK KepHey-aedopmarmsibik kyiai (TKK) 6akpuiay
GOJIBIN TaObLIAIbI.

Tyiiinoi cezoep: may HcblHLICMAPBIHBIY KbICHIMbL, OeKimne, MAcCuemiy KepHeyi Kyii, MAcCugmiy Oy3vliybl, MACCUBMIY HCAPLLIYbL, KeH Ka30aniapvii OeKiny.

TexHoJorust YupaB/jeHUA TCOMEXAHUYCCKUMU IPOoHeCCaAMM IJIA MOBLINICHUS yCTOﬁqHBOCTH 3aKOHTYPHOI'0O MacCuBa

BOKPYT BbIPa00TOK

AHHOTaHﬂﬂ. I/ICCHG}IOB&HLI Haﬂpﬂ)}(eHHO—)Z[e(bopMHpOBaHHOe COCTOSIHHE, IIPOABIICHUS TOPHOI'O JaBJICHHS, YCIOBUS MOAACPIKAHUS BLIpa60TOK B 3aBUCUMOCTH OT T'Op-
HOTEXHUYECKUX U TEXHOJIOTHYECKHX IapaMeTpoB. McciieoBaH s TO3BOJIMIIN YCTAaHOBUTD CTENICHb MX BIMSHUS Pa3paOboTKu Ha 3((EKTHBHOCTH MPUMEHEHHS QHKEPHOTO
KPEIICHUsI BHIEMOYHbBIX BbIPaOOTOK. Paspaboran crocod ympasiieH s FeOMEXaHHYECKUMI POLECCaMHy TIPU BEICHUH TOPHBIX PabOT Ha IyOOKHX FOPU30HTAX YTOIbHBIX
oI1axT. HCJILIO I/ICCJ'ICI(OBaHI/II\//I SIBJISICTCA CO30aHUE TEXHOJIOTMHA HHTCHCUBHOI'O 1 0€30I1aCHOTO IIPOBEACHUS BBICMOYHBIX TOPHBIX BBIpaGOTOK Ha OCHOBC BBIABJIICHHBIX 3aKOHO-
MepHOCTeﬁ TIOBEACHUS IIPUMBIKAIOMHUX K HUM MaCCHBOB TOPHBIX ITOPOJA, ONITHMH3AINH TapaMETPOB TEXHOJIOTHICCKUX CXEM ITOATOTOBUTEIBHBIX pa60T, 06ecne'mBa}0umx
noBbInIeHHe dQGEeKTHBHOCTH QYHKIHOHUPOBAHHMS MOA3EMHOIO TOPHOTO PON3BOACTBA. Viest HCecieI0BaHMi 3aKII0YaeTCsl B IPABICHHH TEXHOTCHHBIM HaIPsHKEHHO-J1e-
opmupoBanubM coctosianeM (HJC) aist pa3padotku 5(heKTHBHO TEXHOIOIMH KPEIUICH S IPHKOHTYPHOTO TOPHOTO MacCHBa.

Knroueegwie cnosa: 2opHoe Oa(meﬁue, aHKepHoe KpenjieHue, HanpssiceHnoe COCMmosHUue Maccued, HapyueHHocms maccusd, mpewuHoeamocms maccued, KpenjieHue
20PHBIX 8bIPAOOMOK.

Introduction

Modern technologies of fastening of underground mine
workings include consecutive consideration of the following
issues: determination of parameters of rock pressure and phys-
ical and mechanical properties of the host rocks; assessment
of technology, means and types of fastening, at coal mines and
mines; analysis of theories used in the calculation justifica-
tion of parameters of fastening of mine workings; principles of
fastening, geomechanical models and experience of applica-
tion; methods of carrying out and fastening of mine workings;
methods of calculation of fastenings; monitoring of the condi-
tion of mine workings.

Mining pressure is the stresses arising in the rock massif,
near the walls of workings, boreholes, in pillars, on the surfac-
es of the contact «rock — fastener» as a result of gravitational
forces, as well as tectonic forces and temperature changes in
the upper layers of the Earth’s crust [1].

There are five main theories used in the design justifica-

Figure 1. Theories used in the calculation justification of
the parameters of anchor support.
Cypet 1. AHkepJiik Tipek mapameTpJiepiH ecenrey
HerizaeyiHae KOJIJaHbLIATHIH TeOpHUsIap.

tion of the anchorage parameters: suspension of the immediate
roof to stable rocks (Figure 1, a); formation of the load-bearing
structure (Figure 1, b); compression of the supporting rocks
(Figure 1, c); joint operation of the anchorage and the massif
(Figure 1, d); energy theory (Figure 1, e) [2, 3].

The following schemes of anchoring of mine workings
are distinguished — Figure 2: one-level scheme of anchor-
ing with metal arch support (Figure 2, a), one-level scheme
of anchoring (Figure 2, b), two-level scheme of anchoring
(Figure 2, c).

Puc. 1. Teopuu, npuMeHsieMble IPH PacYeTHOM
000CHOBAHUH NIAPaMeTPOB AHKEePHOii KperH.

There are the following types of anchors used in mines and
mines, which can be divided by the structural design of the
anchor rod: metal lock anchors; metal lockless (blast) anchors;
wooden anchors; reinforced concrete anchors; steel-mineral
anchors; steel-polymer anchors; plastic anchors; basalt plastic
anchors; friction anchors; injection anchors; self-drilling an-
chors; rope anchors; bundle anchors.
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with metal arch support

Figure 2. Anchor fastening schemes for mine workings.
Cyper 2. Ken ka30ajapbIH 0eKiTy cxeMajaphbl.
Puc. 2. CxeMbl aHKepHOI0 KpeIlJieHHsI TOPHBIX BBIPAGOTOK.

Modern trends in the development of anchoring technolo-
gies (methods of excavation and anchoring, etc.) include ap-
plication of two-level anchoring in the following conditions:
maintaining workings and interfaces up to 12 m and more
wide (Figure 3, a); pre-cut and formed dismantling chambers
(Figure 3, b); interfaces of a cut-and-cover furnace with a
19.7 m wide conveyor workings (Figure 3, c); reinforcement
of workings fastening for their reuse and aimless mining of
coal reserves; for the operation of the mine face without mech-
anized interfaces (Figure 3, d); for their preservation for the
purpose of gas control, drainage, emergency exits; in the zone
of advanced bearing pressure; in unstable rocks, in zones of
geological disturbances; installation of suspended monorails;
foundationless installation of belt conveyor stations [4, 5].

There are methods for calculating the parameters of deep
anchors in mine workings with a width of 8-12 m (Figure 4,

AKO1. AK02

AKM20.01

\ AR IRATERAR:

Kauarnsie ankept AKOL, AK02

Figure 3. Application of two-level anchor support.
Cyper 3. Eki aenreiini Oexityai Koigany.
Puc. 3. [Ipumenenne 1ByXypoBHEeBOIl AaHKEPHON KpeIH.

a) and the parameters of anchoring of dismantling chambers
(Figure 4, b).

Figure 4. Schemes of methods for calculating the
parameters of deep-laid anchors.
Cypert 4. TepeH aHkepjepAiH mapaMeTpiepiH ecentey
JicTepiHiH TMarpaMmanapsbl.
Puc. 4. CxeMbl MeTO/I0B Pac4eTOB MapaMeTPOB AHKEPOB
[Iy0OKOT0 32J105KeHHUSI.

To maintain high productivity, the mine face must move
8-12 m/day, with reserve preparation at 15-25 m/day. Mod-
ern longwall coal mining employs three schemes: (1) reus-
ing workings, (2) creating workings in mined-out space, and
(3) twin workings with adjacent longwall excavation. The
most advanced scheme preserves excavation workings along
the boundary of the excavation space, stabilizing them with
two-level deep-embedded anchor fasteners and reinforcing
supports.

Second-level anchorage, installed after roof rock displace-
ments (up to 50 mm), creates a load-bearing layer, while dis-
placements of 50-200 mm reduce the system's bearing capaci-
ty by 15-65%. To limit sliding prism effects, 2.4-5.2 m anchor
rods are used, reducing displacement to 200-250 mm [6].

At greater depths, excavation stability is critical, with up to
60-70% cross-sectional loss due to mining pressure. Annually,
20% of mine workings are repaired, accounting for 15-20%
of coal production costs. Increased size and density of met-
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al frame bracing have shown limited effectiveness due to de-
formation issues. Modernizing fasteners alone cannot resolve
these challenges [7].

Geomechanical processes remain understudied. At the
Kostenko mine (Karaganda, Kazakhstan), conditions in con-
veyor drift 49k10-z were analyzed. The k10 seam (3.7-4.0 m
thick) has an immediate roof of mudstones (3-7 m) and a main
roof of weakly fractured sandstones (24-32 m). Soil displace-
ment reached 0.55 m in two years. Pre-mining the drift by 0.5-
0.6 m ensured a stable cross-section. Optimal conditions were
achieved in a 50 m semi-arched section secured with mixed
bracing (anchors and MRC) at 1.33 frames/m.

c
a — mixed bracing; b — deformation of the topside;
¢ — rupture of the topside; d — deformation of the struts
Figure 5. Condition of the conveyor intermediate drift
49, .. in the zone of influence of mining operations
at the Kostenko mine.

Cyper 5. 49, ,,., aTbIHJAAFBI LIAXTA/1a Ta3ajay
JKYMBICTAPBIHBIH dCep eTy aliMaFbIHAAFbI APAJIBIK HK0JI
KOHBeliepiHiH xkarnaiibl KocTenko.

Puc. 5. CocTosiHne KOHBelHepHOro MPOMe:KyTOYHOI0
mrpeka 49, .., B 30He BIMSTHUSI OUHCTHBIX padoT
Ha maxrte uM. Koctenko.

This section of excavation is characterized by the following
changes in the condition of the support: deformation of the
top layer and its tearing (Figure 5, b, ¢) along the lines of the
purlins — 60%; deformation of the composite struts (Figure 5,
d) in the vertical plane — 1.5%; deviation of the friction struts
from the vertical position, mainly along the line of the first run
from the face — 70%.

In this regard, the study of the peculiarities of rock mass
deformation around preparatory excavations with anchoring at
different angles of bed dip and anchoring depth, justification of
anchoring parameters and determination of rational area of its
use, is an urgent task of mining production.

The purpose of the research is to create a technology for
intensive and safe mining excavations on the basis of the
identified regularities of the behavior of adjacent rock mas-
sifs, optimization of the parameters of technological schemes

of preparatory work, providing an increase in the efficiency
of underground mining operations. The idea of the research
is to manage the technogenic stress-strain state (STS) for the
development of an effective technology for fixing the adjacent
rock massif.

The diversity of mining and geological and mining engi-
neering conditions of mine workings operation and the associ-
ated mechanism of interaction between rocks and supports has
led to the emergence of a number of different geomechanical
models of the state of the rock mass around mine workings. At
the same time, the most promising at present is mathematical
modeling with the use of computers.

In the presented studies analytical modeling is performed
using the numerical finite element method. Modeling is car-
ried out for conditions of seam conveyor mining of seam
k,, of mine named after Kostenko of Karaganda coal ba-
sin at mining depth of 400 m and thickness of seam 3.8 m.
Kostenko mine of Karaganda coal basin at the depth of de-
velopment of 400 m and the thickness of the seam 3.8 m.
Studies are made on mathematical models using the ANSYS
program complex allows to establish the influence of mining
and geological factors on the conditions of operation of mine
workings supports.

A model of the host rock massif was built in the ANSYS
program complex, corresponding to the conditions of occur-
rence of the k,, formation.

The influence of the shape of the mine cross-section and the
angle of dip of the coal seam on the magnitude of the maxi-
mum stresses in the rock mass at anchoring of the excavation.

In case of vaulted (arched) cross-sectional shape of the
mine face, normal stresses (6y) grow with increasing dip an-
gle (@) from 10 to 13.5 MPa according to the exponential
function. The distribution of stresses in the zones of the host
lateral rocks surrounding the mine face is shown in Figures
6,aand 6, b.

-.GESE+DS

= | R

P B seorsas

\‘é/ - I

T [ S

\ B _ 5esm40s

i — O _ zearsos

— I R

[

,,,,,,,,,,,, = - 125E407
a b

Figure 6. Distribution of maximum stresses in the zones of
host wall rocks surrounding a mine working of arched (a)
and rectangular () cross-sectional shape.

Cypert 6. [loFaJbl (a) #&dHe Tik OYPBIIITHI (6) KHMACHI 6ap
IIAXTaHbl KOPIIAN TYPFAH HeTi3ri Tay KbIHbICTAPbIHBIH
aliMaKTapbIHAAFbI MAKCHMAJIIbI KepHeyIepAiH Tapaaybl.
Puc. 6. Pacnipenesienue MaKkCHMAaJIbHbIX HANIPSKEHUH
B 30HAX BMEIIAIOIIHUX OOKOBBIX MOPOJ, OKPY-KAIOIIMX
TOPHYIO BHIPAGOTKY apO4HOii (@) U PSIMOYTOJIbHOI (0)
(opMBI MONIEPEYHOr0 ceYeHHUsl.

For mine workings with a polygonal cross-section, the
stress-strain state trends are similar to those of rectangular
cross-sections, with notable differences: stresses (oy) are 1.5
times higher, (6x) is 2-3 MPa lower, and (zxyp) is 1.5-2.0 times
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higher. [8, 9] Studies indicate that rectangular cross-sections
with anchored host rocks are preferable for the k10 seam at the
Kostenko mine.

The stress-strain state of host rocks was also analyzed for
varying thicknesses of easily collapsible rock layers and dif-
ferent anchor lengths. For a trapezoidal cross-section with a
15° dip, a 3.8 m seam, and a depth of 600 m, the following was
observed: stresses increase proportionally with anchor length
(1.5-6.0 m) and collapsible layer thickness (1-6 m). Tensile
stresses decrease, while compressive stresses jump at an an-
chor length of 3.0-3.5 m and remain in a narrow range (42-
48 MPa). Tangential stresses increase with thicker collapsible
layers and vary with anchor length. Borehole diameter increas-
es (up to 0.05 m) negatively affect stress, doubling it across
the range.

These studies highlight the stress distribution and behavior
of lateral rocks around excavations, offering insights for opti-
mizing support systems [10].

-.783E408
-, 665E+08
-.548E+08
- 430E408
-.312E408
-, 194E+08
- 167E407
L410E+07
. 159E+08
LATREH0B

B00DEEOE N

1 — zone very unstable; 2 — zone unstable; 3 — zone unstable;
4 — zone of average stability,; at the point of minimum the
zone is stable
Figure 7. Distributions of normal (o) and
longitudinal (b) stresses.

Cypet 7. KaabInTsl (@) &IHe 00HIBIK (0)
KepHeyJIepAiH Tapaldybl.

Puc. 7. Pacnipenenennsi HOpMaJIbHBIX (a)
¥ NIPO0JILHBIX (0) HANPSKEHUH.

The analysis of stress distribution shows that zones of
unstable rock formations occur around the excavation. To a
greater extent it concerns the roof and soil of the excavation,
as well as its sides in the area of the lower part of the lateral
sides of the excavation contour. The maximum value of nor-
mal stresses occurs in the anchor located on the roof of the
excavation in the rightmost anchor in the place of its fixation.
The maximum value of longitudinal stress occurs in the an-
chor located on the right-side surface of the excavation (first
from the bottom).

The above theoretical and practical recommendations al-
low to form progressive technological schemes of anchoring
of mine workings, one of which is presented below. Method
of anchoring the preparatory mine workings. The purpose of
this method is to provide anchoring works in the zone with
increased stresses in the contour rocks, especially in the condi-
tions of excavation of mine workings in the emission-hazard-
ous formations.

The application of the proposed method of fixing the pre-
paratory mine workings will allow to fix rocks in advance in
the zone of high stress state, thus preventing deformations

(reduced by 20 - 30%) at their exposure in the process of
mining.

The method of fixing the preparatory mine workings [11,
12], in which the layers of host rocks, fix anchors and place
them at an angle to the overlay, characterized by the fact that
the anchors are located forward directed to the zone with in-
creased stress state, located at an angle along the front of the
excavation, determined by the formula:

__ YmtVYa
ﬁ — 2 ?
where y,, and p, are the directions of action of the vertical and
lateral stress vectors, respectively.
Figure 8, a shows a longitudinal view of the method of fix-

ing the preparatory mine workings, and Figure 8, b shows a

plan view.
The zone of increased supporting rock pressure 1 (with the

a — longitudinal view of the excavation, b — plan view
Figure 8. Method of fastening preparatory mine
workings.

Cypert 8. Ken ka3z0ajiapbIH 6H/eyli KaMTaMachI3 eTy dfici.
Puc. 8. Criocod kpenuieHUsI OATOTOBHTEJbHBIX TOPHBIX
BbIPa0OTOK.

a b

a — erection process; b — technological scheme
Figure 9. Technology of using advanced support for
unstable roofs (Saranskaya mine, Karaganda coal basin).
Cypet 9. TypakcbI3 LIaTHIPJIAPFA APHAJIFAH
JKeTUIAIpinred TipekTepai KOIIaHy TEXHOJIOTHSACHI
(Capan kenimi, Kaparanabl kemip 0accerini).

Puc. 9. TexHoJiorusi NpUMeHeHHsI NepeoBoil Kpenu
NPH HeyCcToiYuBOI KpoBJe (maxTa «CapaHckasy,
Kaparanaunckmuii yrojbHblil 6acceiin).
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value of 1.3-1.5yH, where p is the density of the host rocks t/
m?; H is the depth of the excavation, m) is located in the roof
and sides of the excavation contour and is adjacent directly to
the moving plane 2 of the tunnel face and its wave 3 comes out
in front of the excavation advancement front.

When stripping the next cycle 4 of rock mass along the
front 5 of the excavation advancement, boreholes are drilled
in the roof and sides of the excavation and anchors 6 and 7
are installed forward into the zone of increased stresses, thus
achieving «cross-linking» of the side rocks in this zone. The
position angle of the anchors is .

A concrete realization of this method of advanced support
installation is shown in Figure 9.

In case of roof collapse, as a consequence of disturbance
of the stability of the surrounding rocks, when the face breast
goes more than 0.75 m — in case of anchoring and 1.25 m — in
case of mixed anchoring, inclined steel-polymer anchors are
installed in the roof of the excavation.
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