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COMPREHENSIVE GEOMECHANICAL
ASSESSMENT OF UNDERGROUND MINE
ROADWAY STABILITY USING DIPS AND
UNWEDGE SOFTWARE COMPLEXES

Abstract. Increasing mining depths in the Karaganda Basin require reliable assessment of roadway stability. This study presents a geomechanical evaluation of the
stress-strain state around the 4th Eastern Conveyor Entry of seam K, at Kostenko Mine using the Rocscience suite. Joint mapping in Dips identified three dominant discon-
tinuity sets with dip angles of 40-80° and strike azimuths of 40-300°. The resulting wedge geometries were analysed in Unwedge. Unsupported roof wedges showed zero
factor of safety and masses up to 49 t. Steel arch support increased roof FS to 2.3, but the critical JINJ2 wedge still required reinforcement. A combined support system with
2.4 m steel-polymer bolts and 3.2 m cable bolts on a 1.5 x 1.5 m grid ensured FS > 2.0 for all failure surfaces. Dips — Unwedge workflow proved effective for identifying
hazardous zones and optimising support in deep coal roadways.
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Dips xone Unwedge 6arnapiamManbIK KelieHAepiH KOJJIaHA OTBIPBIIL, KePACThI Tay-KeH Ka30aCbIHbIH TYPAKThLIbI-

FbIH Kel].[el-[ﬂi reoMeXaHUuKaJbIK Gafa.nay

Awnnarna. Kaparanas! 6acceiiHinie KeH oHAIPY TePEH/IrHIH apTybl )KepacThl Ka30aaapblHbIH TYPAaKThUIBIFBIH Oaranay/pl Kaxer eteai. 3eprreyae Rocscience kemreHi
apkbuibl Kocrenko maxraceinaarst K, kabarsiabiH 4-11bIFbIc KOHBEHEPITIK ITPETiHiH MaHbIHAFbl MACCHBTIH KepHeYITi-1eopMalusianFas Kyii 6aranansl. Dips Garnap-
naMackinzia Kytay Oypeimrrapsl 40-80° xxaHe co3buibiM a3uMyTTapbl 40-300° GonaThIH YII HETi3ri XKapblIKIIakTap kyieci anbikTanasl. Unwedge Tannaysl OekiTiiMereH
Tobe ChiHa OJIOKTApBIHBIH Kayilci3aik kodddUIUeHTi Homre TeH, Maccachl 49 T-Fa JieiiiH jkeTeTiHiH KkopceTTi. MeTain apkansl 6ekitre FS moHiu 2,3-ke AeiliH apTThipra-
HbIMeH, J1MNJ2 cbiiu 60Tl KOChIMILIA aHKEPIIEY/li KaXKeT eTTi. 2,4 M Oonar-noanMepii xoHe 3,2 M apKaH/Ibl aHKepIIepaeH TypaThiH, 1,5 X 1,5 M Top GolibIHIIA OpHATHIIFAH
GekiTy kyiieci Gapnbik Oy3bl1y 6erTepi yuriH FS > 2,0 kamramacsk3 erti. Dips — Unwedge ozici kayinTi aiiMaKTap/ibl aHbIKTAy jkoHE OSKITy/li OHTAMIaHABIPY YIUiH THIMAI
GO0 IBI.

Tyitinoi cesoep: 2eomexanuxa, may HColHbICMAPbl MACCUBIHIK MYPAKMbLIbIbL, JHcapblkuakmapobl manoay, Dips, Unwedge, anxepnix oeximne, Kapaganowl kemip
bacceiini, scepacmol may-ken Kazoacoi.

KommiiekcHasi reoMexaHn4YecKasi OLeHKA YCTOWYMUBOCTH TMOA3EMHON TOPHOiIl BHIPAGOTKHU € HCIOJIb30BAHHEM IPO-

rpaMMHbIX KomiiekcoB Dips u Unwedge

AHHOTaUWsA. YBeJIn4eHNe NTyOnHbI TOpHBIX paboT B KaparanauHckom Oacceitie TpeOyeT Ha/le)KHOM OIIEHKH YCTOHYMBOCTH BBIpabOTOK. B MccienoBanuu ¢ mpumeHe-
HHeM Rocscience BBINONHEHAa reOMEXaHNUYECKAs OLEHKA HANPSKEHHO-Ae(OPMUPOBAHHOTO COCTOSHUSL MacCHBa BOKPYT 4-ro BOCTOYHOro KOHBEHEpPHOro MmTpeKa IiacTa
K, maxte! uM. Kocrenko. B Dips BbIJe/ICHbI TPH OCHOBHBIC CHCTEMBI TPEIIHH ¢ yraamu naaenus 40-80° u asumyramu npoctupanus 40-300°. [eoMeTpus KINHOBUIHBIX
GriokoB npoananusuposana B Unwedge. J{iist He3akperIeHHbIX KPOBEIBHBIX KINHBEB KOY(QOUIMEHT 3amaca yCTOHNUYMBOCTH paBeH HyIII0, Macca Jocturaet 49 1. Apounas
Kpernb noseitaet FS kposmu 10 2,3, oqHako kputudeckuit kianH J1NJ2 Tpebyer aHkepHOTo ycuieHus. KOMOMHUpOBaHHAs cXeMa U3 CTalICTIOJIMMEPHBIX aHKepOB 2,4 M 1
KaHATHBIX aHKepoB 3,2 M 1o ceTke 1,5 X 1,5 M obecneunsaet FS > 2,0. Anropurm Dips — Unwedge sdekTrBeH 17151 BbIABICHHS ONACHBIX 30H U ONTUMH3ALMH KPETUICHNUSL.

Kniouesnie cnosa: ceomexanuxa, ycmouuusocms MAccusd 20pHbIX NOPoO, anaius cmpykmyphoix napywenuti, Dips, Unwedge, anxepnoe kpennenue, Kapacanouncxuii

Y2OIbHbLL 6ACCeliH, NOO3eMHAsL 20PHASL BLIPADOMKA.

Introduction

Underground coal mining at depths exceeding 300 m gen-
erates high stress concentrations that fundamentally compro-
mise the integrity of mine roadways. In the Karaganda Coal
Basin (Kazakhstan) — one of Central Asia’s most productive
coal regions — current extraction fronts at Kostenko Mine op-
erate at depths of 500-700 m, where horizontal stresses may
exceed vertical overburden pressure by a factor of 1.5-2.0 [1-
4]. Under these conditions, roadway stability is governed not
only by bulk rock-mass strength but also by the geometry and
orientation of pre-existing structural discontinuities.

Classical analytical approaches, predicated on homoge-
neous isotropic behaviour, are inadequate for fractured sed-
imentary sequences [5, 6]. Kinematic failure modes — roof
wedge fall, rib spalling, and floor heave — are con-trolled by
the relative geometry of joint sets, roadway axis, and in-situ
stress field. This has driven the adoption of dedi-cated soft-
ware tools for rapid three-dimensional characterisation of dis-
continuity networks [7—10].

The Rocscience suite offers two complementary mod-
ules: (i) Dips — for stereographic projection, clustering, and
kinematic analysis of structural data; and (i7)) Unwedge — for
three-dimensional wedge stability computation and support
design optimisation. Despite their proven individual utility,
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applications that systematically couple the two programs with-
in a single site-specific workflow remain sparsely reported for
Carboniferous-age interbedded coal measures.

This study presents a fully integrated Dips — Unwedge as-
sessment applied to the 4th Eastern Conveyor Entry of coal
seam K- at Kostenko Mine. The objectives are: (1) to character-
ise dominant joint systems from field mapping; (2) to identify
kinematically critical failure mechanisms; (3) to quantify wedge
geometries and associated safety factors under both unsupport-
ed and supported conditions; and (4) to derive an optimised
bolt support scheme satisfying prescribed stability criteria. This
study presents a comprehensive analysis of slopes and the ab-
sence of wedges, applied to the 4th eastern conveyor entry of the
K7 coal seam at the Kostenko mine. The objectives of the study
are: (1) to characterize the predominant fracture systems based
on field maps; (2) to identify kinematically critical failure mech-
anisms; (3) to quantitatively assess the geometry of the wedges
and the associated safety factors, both in the absence and pres-
ence of support; and (4) to develop an optimized bolting scheme
that meets the specified stability criteria.

Materials and methods
Study site and geological setting. The investigation focuses
on the 4th Eastern Conveyor Entry, driven along coal seam
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3K- at Kostenko Mine, Karaganda Basin. The entry has an
arched cross-section of 14.4 m? (net), width 5.3 m, and height
3.55 m, supported by steel arch sets supplemented by interme-
diate resin-grouted bolts. Following convergence, the residual
section reduces to 11.62 m? — a cross-sectional loss of 18.9%.

The stratigraphic sequence at the working horizon compris-
es alternating sandstone, siltstone, mudstone, and occasional
marl bands. Physical-mechanical parameters, determined from
laboratory testing of drill-core specimens, are summarised in
Table 1 [11, 12].

Table 1
Physical-mechanical properties of the rock mass at
Kostenko Mine
Kecme 1

«Kocmenko» wmaxmacwvtnoazel may scolHvicmapol
Maccueiniy pu3uKa-mexanuxKaivlK Kacuemmepi
Tabnuua 1
Du3uxo-mexanuuecKue ceoiCmea Maccusa 20PHuIX HOPoo
Ha waxme «Kocmenko»

Parameter e Bl b Coal | Marl
stone | stone | stone

Young’s
modulus, MPa 20 23 11.5 3.7 | 33.1
Poisson’s ratio 0.27 0.39 0.38 | 0.30 | 0.22

Uniaxial

compressive 75 30 25 9 543
strength, MPa
Tensile strength,
MPa 16 13 6 1.8 9.7
Unit weight,

MN/m 2.61 2.37 231 | 1.32| 2.70
Cohesion, MPa 18.5 13.0 7.5 32 | 140
Internal frlgtlon 50 39 39 25 27

angle,

The roof strata are classified as competent sandstone
(UCS = 75 MPa, E = 20 GPa) immediately above the coal
seam; however, the presence of clayey partings and carbona-
ceous mudstone bands (UCS = 25 MPa) creates a mechani-
cally weak composite roof susceptible to delamination. Mine-
scale structural mapping indicates three dominant dis-continu-
ity sets of predominantly tectonic origin.

Structural discontinuity mapping and Dips analysis. Field
discontinuity surveys were conducted along the conveyor en-
try using standard scan-line methodology following ISRM
suggested methods. Orientation measurements (dip direction /
dip angle) were collected for each visible discontinuity plane.
Data acquisition targeted the four principal surfaces of the en-
try: roof, right rib, left rib, and floor.

Processing was performed in Dips (Rocscience Inc., To-
ronto). Equal-area lower-hemisphere stereographic projection
(Schmidt net) was used for contouring pole concentrations.
Fisher K-values and confidence cones were computed for each
cluster. Three statistically significant joint sets were identified:

Set J1: dip 60°, strike azimuth 200° (sub-perpendicular to
roadway axis),

Set J2: dip 40°, strike azimuth 40° (oblique, low-angle),

Set J3: dip 80°, strike azimuth 300° (near-vertical, sub-par-
allel to roadway axis).

Kinematic feasibility of planar sliding, wedge sliding, and
direct toppling was evaluated for each joint-set combination
against the entry orientation (tunnel azimuth 10°, plunge 0°)
using the kinematic analysis framework of Hudson and Harri-
son, implemented within Dips via the tunnel axis plugin.

Figure 1 illustrates the fracture mapping results on the four
entry surfaces, with individual fracture traces and measured
lengths (0.5-3.5 m) subsequently projected to construct the
3-D discontinuity model.

Figure 1. Fracture system mapping on the conveyor entry
of seam 3K, Kostenko Mine: (a) roof, (b) right rib, (c) left
rib, (d) floor.

Cyper 1. Koctenko maxracoingarbl 3K7 KadaTbIHbIH
KOHBelieplik Ka30achblH/Aa KapbIKIIAKTAP KYieciH
Kapranaay: (a) mobe, (b) oy sicax Oyiiip Kabwvipea, (c) con
Jicak byuip Kabwipea, (d) maban.

Puc. 1. KaprupoBaHnue cucTeMbl TPeIIMH B KOHBEHEPHOM
mrpeke miacra 3Kz maxrel um. Kocrenko: (a) xposns,
(b) npasviit 6opm, (c) neswviti 6opm, (d) nousa.

Figure 2 presents the stereographic projection from Dips,
with joint-set poles, mean orientations, and Fisher confidence
cones. The zonal fracture intensity map (Fig. 2¢—d) depicts
3-D discontinuity density along the entry, with red and orange
zones denoting critically fractured intervals requiring priority
reinforcement.

Wedge stability analysis in Unwedge. Orientation data
exported from Dips were imported into Unwedge (Roc-
science). The roadway cross-section was defined as a rect-
angular-arched profile (width 5.3 m, height 3.55 m). A
gravitational stress field was assumed (Ko = 1.0), which is
standard practice for kinematic wedge analysis where block
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failure is driven primarily by self-weight rather than devia-
toric stress [1, 2].

The factor of safety for unsupported wedges is computed in
Unwedge as [10]:

FS = (c:A + W-cosa-tang) / (W-sina),

where c is joint cohesion;

A is sliding area;

W is wedge weight;

a is sliding angle and ¢ is friction angle.

Roof input parameters for seam K5 strata: £ = 68,000 MPa;
¢ =2.56 MPa; ¢ = 59°; UCS. = 175 MPa; UCS,, = 49.3 MPa;
tensile strength = 0.44 MPa; unit weight = 0.027 MN/m?.

The tunnel azimuth was systematically rotated through 360°
to identify the orientations generating maxi-mum and mini-
mum wedge volumes. Two critical drive directions were iden-
tified: 110° (maximum blocks) and 46° (minimum blocks).

Bolt support design. Support optimisation was conducted
within Un-wedge by sequentially adding bolt patterns until all
wedge FS values exceeded the target of 2.0, consistent with
the Kazakhstan normative requirement for permanent mine
road-ways [7]. Two support tiers were evaluated.

Figure 2. Stereographic analysis of rock mass
discontinuity systems and tunnel orientation.
Cyper 2. Tay :KbIHBICTApbl MACCUBIH/IETI KAPBIKIIAKTAP
JKyiiesiepi MeH Tay-KeH Ka30achbIHbIH 0aFbIThIH
cTepeorpausiIbIK TaJAAYy.

Puc. 2. Crepeorpaduueckuii aHaIu3 cucTeM
TPELIMHOBATOCTH MACCHBA FOPHBIX MOPO U OPHEHTALUH
rOpHOii BbIPa0OTKU.

Tier 1 — Steel-polymer resin-grouted bolts: ¥22 mm rebar,
L=2.4m,grid 1.0 x 1.0 m; nominal bolt capacity 250-300 kN;
minimum borehole diameter 28 mm; three resin cartridges per
bolt.

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

Tier 2 — Cable bolts: L =3.2 m, grid 1.5 x 1.5 m; nominal
capacity 350-370 kN per bolt.

The capacity of each support element is entered as an equiv-
alent force vector opposing wedge displacement; FS is recom-
puted as the ratio of total resisting forces to the driving force
component.

Results and Discussion

Kinematic failure modes. Kinematic analysis confirmed
that three independent failure mechanisms are feasible: (i)
wedge sliding controlled by intersections J1NJ2, J1NJ3, and
J2NJ3; (ii) direct top-pling of J3 slabs; and (7ii) flexural top-
pling of J1 plates in the roof. Planar sliding along a single set
was found kinematically inadmissible for the prevailing entry
orientation (azimuth 10°).

The most critical intersection — J1NJ2 — generates a
near-symmetric roof wedge with apex height ~1.0 m above the
arch crown and estimated mass of 4049 t. The J2NJ3 inter-
section creates an asymmetric floor wedge (depth 1.3 m, mass
~45 t) contributing to floor heave under moisture-softening
conditions.

Wedge geometry and factor of safety. Table 2 reports FS
and mass of principal wedge bodies in the fully unsupported
state (azimuth 110°). The roof wedge [8] exhibits FS = 0.0,
confirming the absolute necessity of artificial support. The rib
wedges display FS values of 10.6 and 7.1 — adequate under
current conditions but vulnerable to stress relaxation during
seam extraction.

Table 2
Wedge FS and weight-unsupported roadway
(azimuth 110°)
Kecme 2
beximinmezen may-ken Ka3zdoacolnoazol ColHANAPObIH
OPHBIKIMBLILIK, KOPbIHBLY KOIuyuenmi men maccacol
(azumymut 110°)
Tabnuuya 2
Koappuyuenm 3anaca ycmoituusocmu u macca Kiunvee
6 He3aKpenyieHHOoll 20pHoll evipadomke (azumym 110°)

Characteristic Floor | Left rib R;ﬁ:‘ t Roof
FS (unsupported) Stable 7.1 10.6 0.0
Rock mass weight, t 89.8 49.3 59.3 48.9

Although the existing steel arch support provides pas-
sive confinement and partially stabilises shallow loosen-
ing zones, it cannot intercept the J1NJ2 failure plane (apex
height ~2.1 m), which extends beyond the structural reach
of the arch set. Active anchor bolt reinforcement is there-
fore essential to achieve the required FS > 2.0 for that
geometry.

Rotation of the tunnel azimuth to 46° reduces the critical
roof wedge mass from 48.9 tto 1.45 t —a 97% reduction (Table
3). This directional sensitivity strongly suggests that planning
future entries at azimuths 40-60° would substantially simplify
support requirements, a design intervention with direct opera-
tional and economic implications.
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Table 3
Wedge block parameters for azimuths 110° and 46°
Kecme 3
110° s1cane 46° azumymmap Kesinodezi colnanvl
onoxmapowviy, napamempinepi

Tabauua 3
Ilapamempol kKnunosvix 610k06 npu azumymax 110° u 46°
Azimuth 110° — Azimuth 46° —
maximum blocks minimum blocks
Floor wedge [1]: FS — Stable; Floor wedge [1]: FS —
Weight: 89.8 t Stable; Weight: 3.6 t
Lower Left wedge [4]: FS — Upper Left wedge [4]: Figure 4. Support scheme for wedge-shaped block No. 8
6.1; Weight: 39.3 t FS —1380.2; Weight: 0.0 t in the roof of an underground mine opening using rock
Upper Right wedge [5]: FS— | Upper Right wedge [7]: bolts: § — potent.ially unstable wedge-shaped block in the
7.06; Weight: 59.4 t FS — 14.29; Weight: 0.05 t excavation roof supported by rock bolts.
Cyper 4. KepacTbl Tay-KeH Ka30acbIHbIH ToOeciHaeri
Roofwe(.lge _[8]: FS-0.0 Roofwe(.lge .[8]: FS-0.0 Ne 8 cbIHa Topi3ai 010KTHI aHKepJIiK OeKiTieMeH OeKiTy
Weight: 48.9 ¢ Weight: 1.45 ¢ cyabacel: 8 — kazba mebecindeei ankepik Oeximne

Jicytiecimen DeKiminemin bIKmumal mYpaxcol3 CblHa mapizoi
o110K.

Puc. 4. Cxema 3akpenieHusi KJIMHOBUJAHOTO 0Jioka Ne 8
B KPOBJIe M0/13¢MHOIi TOPHOIi BLIPA0OTKH aHKEePHOM
KPenbio: 8§ — nomeHyuaibHo HeyCmouyuablil KIUHOGUOHbILL
010K 8 KposJLe 8blpaboOmKU, 3aKPEnIsLeMblil CUCTNEMOU

Figures 3-5 illustrate the weakened zone cross-sections and
Unwedge 3-D model output for both critical azimuths.

AHKEPOB.
Figure 3. Spatial model of potentially unstable
wedge-shaped blocks around an underground mine a b
opening: / — wedge-shaped block in the lower part of Figure 5. Maximum (a, azimuth 110°) and minimum
the excavation, near the floor/lower sidewall, 6 — wedge- (b, azimuth 46°) block geometries as a function of tunnel
shaped block in the left sidewall of the excavation, orientation.
7 — wedge-shaped block in the upper right part, near Cypert 5. Tay-KkeH Ka30acbIHBIH 0aFbITHIHA 0AHIAHBICTDI
the roof zone, 8 — wedge-shaped block in the roof of the GJIOKTAPABLIH MAKCHMAJIBI (2, a3uMyThI 110°) sxoHe
excavation. MHUHHMAJIABI (0, a3UMYTHI 46°) reoMeTpHUsChHI.
Cyper 3. 7KepacTbl Tay-KeH Ka30achl MAHbIHAAFbI Puc. 5. 'eomeTpusi MakcumMaabHoro (a, a3umyt 110°)
BIKTHMAJI TYPAKCBI3 ChIHA TIPi3Ai GI0KTAPABIH U MUHUMAJIbHOTO (b, a3uMyT 46°) 6J10K0B B 3aBUCUMOCTH
KeHICTIKTiK Mojesi: [ — kazbanviy momenei bonicinoeei, OT OPHEHTAIIMH TOPHOi BHIPAGOTKH.
maban/memenei OyUip anmagvblHOA2bl CblHA MAPi30i
10k, 6 — Kasoanviy con dncak Oyuipindei coina mapizoi Optimised bolt support design. Single-tier steel-polymer
010K, 7 — Kasoanviy Jo2apebl Ol JcarK bonicindesi, bolts (L = 2.4 m) proved sufficient to stabilise the J1NJ3
meoe aumMazbiHoazyl Cina mapizoi 010k, 8 — kasoanwly wedge (apex height < 2.0 m), raising FS from 0 to 2.07. For
mebecinoezi cbina mapisoi OnoK. the dominant J1NJ2 wedge (apex height ~2.1 m), the bolt
Puc. 3. [IpocTpancTBeHHAst MOe/Ib MIOTEHIHATBHO falls short of the failure plane and cable bolt supplementation
HEYCTOMYHMBBIX KIMHOBUIHBIX 0JIOKOB BOKPYI is required.
T0/13¢MHOM FOPHOIi BLIPAOOTKMU: | — KAUHOBUOHbII The adopted two-tier scheme performs as follows. Tier — 1
010K 6 HUdICHEl Yacmu 8blpabomKi, 6 30He No4ebl/ steel-polymer bolts (2.4 m, 1.0 x 1.0 m, ~300 kN/bolt) ad-
HudCHe20 Oopma, 6 — KIUHOBUOHbLI ONIOK 6 1e6oM OOpmy dress shallower instabilities and raise the smaller wedge FS to
8bIpabOOMKU, 7 — KIUHOBUOHDIU OIIOK 8 8epXHell NPpagoll >2.0. Tier — 2 cable bolts (3.2 m, 1.5 x 1.5 m, ~360 kN/bolt),
uacmu, 6 30ne Kposnu, 8 — KIUHOBUOHbLIL 010K 6 Kpos.e installed within 2 m of the working face, intercept the J1NJ2
8bIpabomxKu. failure plane and raise the principal roof wedge FS to 1.8-2.0.

51
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Floor wedge (1) FS: Stable Weight: 89.8 tonnes
Left wedge (4) FS: 12.823 Weight: 59.3 tonnes
Right wedge (5) FS: 28.4 Weight: 59.3 tonnes

Roof wedge (8) FS: 11.2 Weight: 48.8 tonnes

Figure 6. Cross-sectional scheme of potentially unstable
wedge-shaped blocks around the mine roadway:

1 — potentially unstable wedge-shaped block in the floor zone of the
mine roadway, 4 — potentially unstable wedge-shaped block in the left
sidewall of the mine roadway, 5 — potentially unstable wedge-shaped

block in the right sidewall of the mine roadway, 8 — potentially unstable
wedge-shaped block in the roof zone of the mine roadway.
Cyper 6. Tay-keH Ka3zdacbl KUMachl MAHbIHAAFbI
BIKTUMAJI TYPAKCHI3 CbIHA TIPi3Ai 0JIOKTAPABIH CYJI0aChI:

1 — may-xen Kazoacvinvlyy madban aumMagblHOabl bIKMUMAL MYPAKCHI3

cbiHa mapizoi 6ok, 4 — may-ken Ka30acwinbiy col Hak Oyuipinoei

BIKIMUMATL MYPAKCHI3 ColHA MIPI30i OIOK, 5 — may-Ken Kazoacvlbly oy
JrcaK, Oyuipinoei bIKmuman mypaxcsl3 colia mapizoi 010k, 8 — may-Kem

Ka30acwiHblH mode atMazbiHOA2bl bIKMUMAT MYPAKCHI3 CblHA MapI30i ONOK.
Puc. 6. Honepelmaﬂ ¢XeMa NMOTCHIUAJIbHO HCYCTOﬁqﬂBLIX
KJIMHOBHIHBIX OJIOKOB BOKPYT rOPHOii BHIPAOOTKH:

1 — nomenyuanvHo Heycmouuusblll KIUHOBUOHBII ONIOK 6 30He NOYEbI
20PHOLUL 8bIPAOOMKU, 4 — NOMEHYUATLHO HEYCIMOUYUBHIL KIUHOBUOHBII
010K 6 1eBOM DOPNLY 20PHOUL 8LIPAOOMKU, 5 — NOMEHYUATLHO
HeyCcmoudueslll KIUHOBUOHBLIL OJIOK 6 NPagom 60pmy 20pHOIL
8bIpabomKu, 8§ — NOMeHYUAIbHO HeYCMOUYUEbIll KAUHOBUOHDLIL OTIOK 6
30He KPOGU 20PHOU BbIPAOOMKIL.

Combined, the scheme satisfies FS > 2.0 across all identified
failure surfaces.

If the cable bolt capacity per bolt equals 40 t, then for the
critical 44-t wedge: FS = (2 x 40) / 44 = 1.8 > target, confirm-
ing structural adequacy of two cable bolts for that zone.

Conclusions

A rigorous two-stage geomechanical investigation of the
4th Eastern Conveyor Entry at Kostenko Mine has been pre-
sented. The principal conclusions are:

1. Three dominant tectonic joint sets (J1: 60°/200°; J2:
40°/40°; J3: 80°/300°) govern wedge-type failures. Kinematic
analysis identifies wedge sliding and toppling as the primary
failure modes.

2. The unsupported roof wedge (J1NJ2, mass ~49 t) exhib-
its FS = 0.0, representing an acute safety hazard that cannot
be mitigated by arch-set framing alone, as the failure plane
extends beyond the structural reach of the arch.

3. Reorienting future entries to azimuths 40—-60° reduces
the critical roof wedge mass from ~49 t to ~1.5t —a 97%
reduction — with substantial safety and economic implications.

4. A two-tier bolt scheme — steel-polymer bolts (022 mm,
2.4 m, 1.0 x 1.0 m) combined with cable bolts (3.2 m, 1.5 x
1.5 m) —restores FS > 2.0 across all failure surfaces, satisfying
Kazakhstan normative requirements.

5. The integrated Dips — Unwedge workflow constitutes a
reliable and reproducible framework for structurally controlled
stability assessment, transferable to analogous coal measure
sequences throughout the Karaganda Basin.
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