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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 K7 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 J1∩J2 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 × 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 және Unwedge бағдарламалық кешендерін қолдана отырып, жерасты тау-кен қазбасының тұрақтылы-
ғын кешенді геомеханикалық бағалау 

Аңдатпа. Қарағанды бассейнінде кен өндіру тереңдігінің артуы жерасты қазбаларының тұрақтылығын бағалауды қажет етеді. Зерттеуде Rocscience кешені 
арқылы Костенко шахтасындағы K7 қабатының 4-Шығыс конвейерлік штрегінің маңындағы массивтің кернеулі-деформацияланған күйі бағаланды. Dips бағдар-
ламасында құлау бұрыштары 40–80° және созылым азимуттары 40–300° болатын үш негізгі жарықшақтар жүйесі анықталды. Unwedge талдауы бекітілмеген 
төбе сына блоктарының қауіпсіздік коэффициенті нөлге тең, массасы 49 т-ға дейін жететінін көрсетті. Металл аркалы бекітпе FS мәнін 2,3-ке дейін арттырға-
нымен, J1∩J2 сыни блогы қосымша анкерлеуді қажет етті. 2,4 м болат-полимерлі және 3,2 м арқанды анкерлерден тұратын, 1,5 × 1,5 м тор бойынша орнатылған 
бекіту жүйесі барлық бұзылу беттері үшін FS ≥ 2,0 қамтамасыз етті. Dips – Unwedge әдісі қауіпті аймақтарды анықтау және бекітуді оңтайландыру үшін тиімді 
болды.

Түйінді сөздер: геомеханика, тау жыныстары массивінің тұрақтылығы, жарықшақтарды талдау, Dips, Unwedge, анкерлік бекітпе, Қарағанды көмір 
бассейні, жерасты тау-кен қазбасы.

Комплексная геомеханическая оценка устойчивости подземной горной выработки с использованием про-
граммных комплексов Dips и Unwedge

Аннотация. Увеличение глубины горных работ в Карагандинском бассейне требует надежной оценки устойчивости выработок. В исследовании с примене-
нием Rocscience выполнена геомеханическая оценка напряженно-деформированного состояния массива вокруг 4-го Восточного конвейерного штрека пласта 
К7 шахты им. Костенко. В Dips выделены три основные системы трещин с углами падения 40–80° и азимутами простирания 40–300°. Геометрия клиновидных 
блоков проанализирована в Unwedge. Для незакрепленных кровельных клиньев коэффициент запаса устойчивости равен нулю, масса достигает 49 т. Арочная 
крепь повышает FS кровли до 2,3, однако критический клин J1∩J2 требует анкерного усиления. Комбинированная схема из сталеполимерных анкеров 2,4 м и 
канатных анкеров 3,2 м по сетке 1,5 × 1,5 м обеспечивает FS ≥ 2,0. Алгоритм Dips – Unwedge эффективен для выявления опасных зон и оптимизации крепления.

Ключевые слова: геомеханика, устойчивость массива горных пород, анализ структурных нарушений, Dips, Unwedge, анкерное крепление, Карагандинский 
угольный бассейн, подземная горная выработка.

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 (ii) Unwedge – for 
three-dimensional wedge stability computation and support 
design optimisation. Despite their proven individual utility, 

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 K₇ 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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3K₇ at Kostenko Mine, Karaganda Basin. The entry has an 
arched cross-section of 14.4 m² (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 m² – 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 
Кесте 1

«Костенко» шахтасындағы тау жыныстары 
массивінің физика-механикалық қасиеттері

Таблица 1
Физико-механические свойства массива горных пород 

на шахте «Костенко»

Parameter Sand-
stone

Silt-
stone

Mud-
stone Coal Marl

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 
strength, MPa

75 30 25 9 543

Tensile strength, 
MPa 16 13 6 1.8 9.7

Unit weight,  
MN/m³ 2.61 2.37 2.31 1.32 2.70

Cohesion, MPa 18.5 13.0 7.5 3.2 14.0
Internal friction 

angle, ° 50 39 39 25 27

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.

A B

С D

Figure 1. Fracture system mapping on the conveyor entry 
of seam 3K₇, Kostenko Mine: (a) roof, (b) right rib, (c) left 

rib, (d) floor.
Сурет 1. Костенко шахтасындағы 3K₇ қабатының 
конвейерлік қазбасында жарықшақтар жүйесін 

карталау: (a) төбе, (b) оң жақ бүйір қабырға, (c) сол 
жақ бүйір қабырға, (d) табан. 

Рис. 1. Картирование системы трещин в конвейерном 
штреке пласта 3K₇ шахты им. Костенко: (a) кровля,  

(b) правый борт, (c) левый борт, (d) почва. 

Figure 2 presents the stereographic projection from Dips, 
with joint-set poles, mean orientations, and Fisher confidence 
cones. The zonal fracture intensity map (Fig. 2c–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 (K₀ = 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·cosα·tanφ) / (W·sinα),

where c is joint cohesion;
A is sliding area;
W is wedge weight;
α is sliding angle and φ is friction angle. 
Roof input parameters for seam K₇ strata: E = 68,000 MPa; 

c = 2.56 MPa; φ = 59°; UCSₐ = 175 MPa; UCSₘ = 49.3 MPa; 
tensile strength = 0.44 MPa; unit weight = 0.027 MN/m³.

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.

Сурет 2. Тау жыныстары массивіндегі жарықшақтар 
жүйелері мен тау-кен қазбасының бағытын 

стереографиялық талдау.
Рис. 2. Стереографический анализ систем 

трещиноватости массива горных пород и ориентации 
горной выработки.

Tier 1 – Steel-polymer resin-grouted bolts: Ø22 mm rebar, 
L = 2.4 m, grid 1.0 × 1.0 m; nominal bolt capacity 250–300 kN; 
minimum borehole diameter 28 mm; three resin cartridges per 
bolt.

Tier 2 – Cable bolts: L = 3.2 m, grid 1.5 × 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 J1∩J2, J1∩J3, and 
J2∩J3; (ii) direct top-pling of J3 slabs; and (iii) 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  – J1∩J2  – generates a 
near-symmetric roof wedge with apex height ~1.0 m above the 
arch crown and estimated mass of 40–49 t. The J2∩J3 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°)
Кесте 2

Бекітілмеген тау-кен қазбасындағы сыналардың 
орнықтылық қорының коэффициенті мен массасы 

(азимуты 110°)
Таблица 2

Коэффициент запаса устойчивости и масса клиньев  
в незакрепленной горной выработке (азимут 110°)

Characteristic Floor Left rib Right 
rib 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 J1∩J2 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 t to 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.

Геомеханика
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Table 3
Wedge block parameters for azimuths 110° and 46°

Кесте 3
110° және 46° азимуттар кезіндегі сыналы 

блоктардың параметрлері
Таблица 3

Параметры клиновых блоков при азимутах 110° и 46°

Azimuth 110° – 
maximum blocks

Azimuth 46° –  
minimum blocks

Floor wedge [1]: FS – Stable; 
Weight: 89.8 t

Floor wedge [1]: FS – 
Stable; Weight: 3.6 t

Lower Left wedge [4]: FS – 
6.1; Weight: 39.3 t

Upper Left wedge [4]: 
FS – 1380.2; Weight: 0.0 t

Upper Right wedge [5]: FS – 
7.06; Weight: 59.4 t

Upper Right wedge [7]: 
FS – 14.29; Weight: 0.05 t

Roof wedge [8]: FS – 0.0 
Weight: 48.9 t

Roof wedge [8]: FS – 0.0 
Weight: 1.45 t

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

Figure 3. Spatial model of potentially unstable 
wedge-shaped blocks around an underground mine 
opening: 1 – wedge-shaped block in the lower part of 

the excavation, near the floor/lower sidewall, 6 – wedge-
shaped block in the left sidewall of the excavation, 

7 – wedge-shaped block in the upper right part, near 
the roof zone, 8 – wedge-shaped block in the roof of the 

excavation.
Сурет 3. Жерасты тау-кен қазбасы маңындағы 

ықтимал тұрақсыз сына тәрізді блоктардың 
кеңістіктік моделі: 1 – қазбаның төменгі бөлігіндегі, 

табан/төменгі бүйір аймағындағы сына тәрізді 
блок, 6 – қазбаның сол жақ бүйіріндегі сына тәрізді 

блок, 7 – қазбаның жоғарғы оң жақ бөлігіндегі, 
төбе аймағындағы сына тәрізді блок, 8 – қазбаның 

төбесіндегі сына тәрізді блок.
Рис. 3. Пространственная модель потенциально 

неустойчивых клиновидных блоков вокруг 
подземной горной выработки: 1 – клиновидный 
блок в нижней части выработки, в зоне почвы/

нижнего борта, 6 – клиновидный блок в левом борту 
выработки, 7 – клиновидный блок в верхней правой 
части, в зоне кровли, 8 – клиновидный блок в кровле 

выработки. 

Figure 4. Support scheme for wedge-shaped block No. 8 
in the roof of an underground mine opening using rock 
bolts: 8 – potentially unstable wedge-shaped block in the 

excavation roof supported by rock bolts.
Сурет 4. Жерасты тау-кен қазбасының төбесіндегі 

№ 8 сына тәрізді блокты анкерлік бекітпемен бекіту 
сұлбасы: 8 – қазба төбесіндегі анкерлік бекітпе 

жүйесімен бекітілетін ықтимал тұрақсыз сына тәрізді 
блок.

Рис. 4. Схема закрепления клиновидного блока № 8 
в кровле подземной горной выработки анкерной 

крепью: 8 – потенциально неустойчивый клиновидный 
блок в кровле выработки, закрепляемый системой 

анкеров.

                         a                                                b
Figure 5. Maximum (a, azimuth 110°) and minimum  

(b, azimuth 46°) block geometries as a function of tunnel 
orientation.

Сурет 5. Тау-кен қазбасының бағытына байланысты 
блоктардың максималды (а, азимуты 110°) және 

минималды (б, азимуты 46°) геометриясы.
Рис. 5. Геометрия максимального (a, азимут 110°) 

и минимального (b, азимут 46°) блоков в зависимости 
от ориентации горной выработки.

Optimised bolt support design. Single-tier steel-polymer 
bolts (L = 2.4 m) proved sufficient to stabilise the J1∩J3 
wedge (apex height < 2.0 m), raising FS from 0 to 2.07. For 
the dominant J1∩J2 wedge (apex height ~2.1 m), the bolt 
falls short of the failure plane and cable bolt supplementation 
is required.

The adopted two-tier scheme performs as follows. Tier – 1 
steel-polymer bolts (2.4 m, 1.0 × 1.0 m, ~300 kN/bolt) ad-
dress shallower instabilities and raise the smaller wedge FS to 
≥ 2.0. Tier – 2 cable bolts (3.2 m, 1.5 × 1.5 m, ~360 kN/bolt), 
installed within 2 m of the working face, intercept the J1∩J2 
failure plane and raise the principal roof wedge FS to 1.8–2.0. 

Геомеханика
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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 × 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 (J1∩J2, 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 ~1.5 t  – a 97% 
reduction – with substantial safety and economic implications.

4. A two-tier bolt scheme – steel-polymer bolts (Ø22 mm, 
2.4 m, 1.0 × 1.0 m) combined with cable bolts (3.2 m, 1.5 × 
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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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.

Сурет 6. Тау-кен қазбасы қимасы маңындағы 
ықтимал тұрақсыз сына тәрізді блоктардың сұлбасы: 

1 – тау-кен қазбасының табан аймағындағы ықтимал тұрақсыз 
сына тәрізді блок, 4 – тау-кен қазбасының сол жақ бүйіріндегі 

ықтимал тұрақсыз сына тәрізді блок, 5 – тау-кен қазбасының оң 
жақ бүйіріндегі ықтимал тұрақсыз сына тәрізді блок, 8 – тау-кен 

қазбасының төбе аймағындағы ықтимал тұрақсыз сына тәрізді блок.
Рис. 6. Поперечная схема потенциально неустойчивых 

клиновидных блоков вокруг горной выработки: 
1 – потенциально неустойчивый клиновидный блок в зоне почвы 

горной выработки, 4 – потенциально неустойчивый клиновидный 
блок в левом борту горной выработки, 5 – потенциально 
неустойчивый клиновидный блок в правом борту горной 

выработки, 8 – потенциально неустойчивый клиновидный блок в 
зоне кровли горной выработки.  
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