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ABSTRACT 
The study examines the redistribution of rock pressure and associated deformation processes in 

the Karaganda Coal Basin. It focuses on the geometry and parameters of the abutment, unloading, 

and disintegration zones around underground workings, and on their influence on gas-dynamic 

phenomena. The methodological basis combines a critical review of current geomechanical 

models, calculation–graphic nomograms for estimating zone width as a function of mining depth 

and seam thickness, and schematic construction of high-stress regions from the boundaries of the 

goaf at limiting angles of 75–90°. It is shown that, with increasing depth up to about 500 m, the 

zone configuration becomes wedge-shaped with a tendency to narrow downward, while 

increasing seam thickness expands the affected areas. Lithology controls the localization of 

hazardous zones: weakly bedded argillites and siltstones accelerate loosening and loss of stiffness, 

whereas stronger sandstones form dome-like stress concentrations with elevated likelihood of 

sudden outbursts and rockbursts. As a verification case, an episode of a sudden coal-and-gas 

outburst was analyzed. The observed failure boundaries are consistent with the calculated wedge-

shaped high-stress zone, supporting the validity of the chosen approach within the stated 

assumptions. The practical significance lies in refining threshold conditions that trigger mandatory 

comprehensive forecasting at depths exceeding ~400 m, justifying regular instrumental 

monitoring to validate calculations, and adjusting barrier-pillar parameters about seam thickness 

and depth. The findings can be applied to the planning and safe execution of longwall and 

development operations under outburst-prone conditions. 
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Introduction 

Redistribution of rock pressure within the host 
rock mass is a core subject of mining geomechanics 
and directly governs the safety and operational 
stability of underground workings. Disturbance of 
the natural stress field during excavation generates 
local stress concentrators and zones of intense 
deformation and failure. These responses are 
systematic and manifest as a spectrum of 
complications ranging from loss of support capacity 
and instability of the excavation perimeter to 
sudden coal-and-gas outbursts and rockbursts [[1], 
[2], [3]]. The issue is particularly acute in coal basins 
that combine large depth ranges with high gas 

content. In the Karaganda Coal Basin, this 
constitutes a primary risk factor: production 
commonly proceeds at depths of ~400–600 m and 
greater, where the in-situ stress level approaches 
critical thresholds for several lithotypes and 
structural settings [4]. Coupled with the elevated 
methane potential of the seams, this increases the 
likelihood of dynamic phenomena—such as 
outbursts, roof/floor collapses, and rockbursts. 
Operational records and research indicate that 40–
60 % of complications during longwall and 
development operations are directly associated with 
stress redistribution [[5], [6]]. The hazardous 
processes are hierarchical: local plastic deformation 
at the excavation boundary rapidly propagates to 
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the scale of the rock mass, modifying the stress–
strain state and permeability. Adjacent to the face, 
the abutment-pressure zone develops with elevated 
principal stresses; in the destressed zone, fracturing 
and disintegration progress, degrading stability, 
altering filtration regimes, and enhancing gas 
release. At the surface, these changes drive 
secondary deformations—subsidence, tensile 
cracking, and plan-position disturbance of 
infrastructure [[7], [8], [9]]. Lithological control is 
pivotal: weakly bedded argillites and siltstones 
accelerate yielding and loosening, whereas thick 
sandstone packages may form dome-like stress 
concentrations with heightened risk of dynamic 
events. 

The practical framework requires a verifiable 
forecast of the configuration and parameters of 
influence zones, accounting for mining depth (H), 
seam thickness (m), structural disturbance, and the 
initial lateral stress coefficient K₀. Computational 
assessments should employ calibrated numerical 
models constrained by in-situ data: excavation 
convergence, ground-penetrating radar/ultrasonic 
surveys, acoustic-emission indicators, borehole 
logging, and stress measurements. On both longwall 
and development panels, continuous operational 
monitoring is warranted, including load cells and 
instrumented rock bolts, vibrating-wire gauges and 
fixed-point convergence meters, acoustic-emission 
and microseismic stations, and routine gas 
monitoring. Comparing deformation rates with 
trends in acoustic activity and gas emission enables 
timely identification of transitions to unstable 
regimes. 

Engineering decisions must be explicitly tied to 
the mapped zones of influence: adjustment of 
support schemes, dimensions, and placement of 
barrier/chain pillars, extraction sequencing, face 
advance rate, and degasification regimes. For depths 
>400–500 m, it is advisable to adopt threshold 
criteria for switching to reinforced support and 
enhanced monitoring, and to apply refined 
nomograms of abutment-zone width that 
incorporate H, m, and rock properties. Without 
regular instrumental validation of models and 
adaptive updates to support designs, achieving the 
required levels of safety and reliability is not 
feasible; the integrated cycle “model → 
measurement → correction” is what sustains 
excavation stability and reduces the probability of 
sudden dynamic manifestations under the 
conditions characteristic of the Karaganda Coal 
Basin. Long-term accident statistics from Karaganda 
Coal Basin mines underscore the need for continual 

improvement in occupational safety practices and 
roadway stability management. At depths exceeding 
500 m, conventional schemes for predicting rock-
pressure zones lack sufficient sensitivity to 
heterogeneity and anisotropy of the rock mass, 
increasing the likelihood of suboptimal design 
decisions; refined, verifiable modeling and analysis 
methods are therefore required [[10], [11]]. A key 
applied task is the correct delineation of high-stress 
zones emanating from the edges of the goaf, since 
their geometry governs the serviceability of pillars 
and the longevity of workings left in place. 
Geomechanical models enable advanced estimation 
of the width and depth of influence zones, their 
linkage to longwall and development parameters, 
and timely adjustments to support designs. Field and 
desk studies indicate that deformation and failure 
foci are predominantly localized in coal seams 
overlain by weakly bedded argillites and siltstones, 
reinforcing the need to account comprehensively for 
lithological structure. Conversely, strong sandstones 
in the roof or floor promote dome-shaped stress 
concentrations and elevate the risk of sudden 
dynamic events. In practice, this manifests as 
perimeter deformation with spalling and crushing of 
supports and consequential ventilation 
disturbances, episodes of sudden coal-and-gas 
outbursts once critical stress thresholds are reached, 
rockbursts in tectonically disturbed zones at depths 
greater than 500 m, and roof collapses with floor 
heave that complicate longwall operations. 
Collectively, these factors reduce productivity and 
pose significant hazards to personnel; industry data 
indicate that outbursts and roof falls remain among 
the leading causes of accidents in Kazakhstan’s coal 
mines. 

Article Objective. Systematizing data on rock-
pressure influence zones and their structural 
features is a necessary step toward developing 
effective methods for forecasting and preventing 
accident scenarios. Theory, experimental studies, 
and operational observations consistently show that 
characteristic zones form around the goaf: an 
abutment-pressure zone, a destressed (unloading) 
zone, a zone of complete disintegration, and a zone 
of secondary movements. Understanding their 
spatial configuration and parameters improves 
forecast accuracy and the defensibility of design 
choices. Accordingly, the objective of this article is to 
analyze and synthesize data on stress redistribution 
around underground workings, to demonstrate 
mechanisms of rock-mass failure using a 
documented coal-and-gas outburst, and to assess 
the applicability of these findings to the geological 
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and operational conditions of the Karaganda Coal 
Basin. 

Experimental part 

Table 1 translates the qualitative stratigraphy 
into a compact input set for FEM/FDM initialization 
by listing density, stiffness, and strength contrasts 
for the principal layers together with reduced-shear 
behavior at bedding contacts; this allows the models 
to reproduce dome-like stress concentrations in stiff 
sandstone roofs and the weakening influence of 
laminated siltstone and argillite. 

Table 1 - Condensed material and interface set for model 
initialization. 

Table 2 - Compact scenario grid for model–field 

comparison.  

Layer / 
interface 

ρ, t/m³ E, GPa 
UCS, 
MPa 

Purpose / note 

Roof-1 
(sandstone) 

2.45–2.60 12–25 40–80 
Stiff roof 
shaping dome-
like stress fields 

Roof-2 
(siltstone) 

2.40–2.55 6–12 15–40 
Weaker 
laminated roof 
packages 

Coal seam 1.30–1.45 1–3 4–12 
Controls 
yielding (m = 
1–4 m) 

Floor 
(argillite) 

2.40–2.55 3–8 10–25 

Soft base 
influencing 
abutment 
width 

Roof/seam 
contact 

— 
K_shear 
50–150 
MN/m 

— 

Reduced shear; 
μ 0.4–0.6; 
τ_max 1.0–2.5 
MPa 

Seam/floor 
contact 

— 
K_shear 
50–120 
MN/m 

— 

Reduced shear; 
μ 0.4–0.6; 
τ_max 0.8–2.0 
MPa 

These ranges operationalize the stratigraphic 
context into numerical inputs so simulations start 
from defensible stiffness/strength contrasts and 
reduced-shear contacts. 

Table 2 organizes the model–field comparison 
into a concise scenario grid spanning depth (H), 
seam thickness (m) and lateral confinement (K₀) 
with lithology and contacts specified; L₀ from the 

nomogram is treated as the baseline, while the 
values already cited in the manuscript (≈20 m at H = 
600 m and ≈55 m at H = 800 m) serve as anchors 
during interpretation. 

The scenario grid defines which H–m–K₀ 
combinations are tested; the nomogram-based L₀ is 
the baseline, while the ≈20 m and ≈55 m figures 
already mentioned in the manuscript act as anchors 
for interpretation. 

Redistribution of rock pressure within the host 
rock mass is a first-order subject of engineering 
analysis because it directly governs excavation 
stability and operational safety, especially under the 
conditions of the Karaganda Coal Basin. Disturbance 
of the natural stress field during drivage establishes 
a hierarchy of zones: at the excavation boundary, 
disintegration and intensive fracturing develop; 
outward from the contour, an abutment-pressure 
zone forms with principal stresses exceeding the in-
situ level; farther out lies a destressed (unloading) 
zone characterized by reduced strength and 
increased jointing. Field observations show a rapid 
escalation from local plastic deformation at the 
boundary to rock-mass scale responses, 
accompanied by changes in the stress–strain state 
and in hydraulic and gas-dynamic regimes. Lithology 
is the controlling factor: weakly bedded argillites and 
siltstones accelerate loosening; thick, monolithic 
sandstones generate dome-shaped stress 
concentrations with elevated likelihood of dynamic 
manifestations; coal seams, combining low strength 
with high gas content, remain the most vulnerable 
element of the system. A schematic of the zoning 
and typical deformation forms is presented in Figure 
1, which shows the initial and time-evolved 
excavation contours, weak and strong layers, the 
zone of complete failure, and tension-type 
termination cracks. 

 Figure 1 – Rock-mass failure deformation around an 
excavation with open support. 

1-excavation contour immediately after drivage; 2-same 
after some time; 3-layers of weak rocks; 4-zone of 

completely crushed rock; 5-tension (termination) cracks; 
6-layers of strong monolithic sandstone. 

Seri
es 

H 
(m) 

m 
(m) 

K₀ 
Roof 

lithology 
Reference L 

(m) 

S1 400 1.0 0.7 
siltstone/ 
argillite 

L₀ (nomogram) 

S2 600 2.0 0.8 
laminated 
(weakened) 

≈ 20 (per text) 

S3 800 3.0 1.0 
sandstone 
(stiff) 

≈ 55 (per text) 

S4 1000 4.0 1.1 
faulted 
section 

L₀; indicators 
check 
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 Figure 2 – Nomogram for determining the width of the 
abutment-pressure zone. 

H – mining depth; m – seam thickness. 

Quantitative evaluation is carried out using 
empirical–analytical relationships that link the width 
of the abutment‑pressure zone (L) to mining depth 
(H), seam thickness (m), and the lateral stress 
coefficient (K₀). The nominal value L₀ is taken from 
the nomogram in Figure 2 for the pair (H, m), after 
which a correction model is applied: 

 𝐿 = 𝐿0(𝐻,𝑚)⋅𝑘litho⋅𝑘str⋅𝑘𝐾0⋅𝑘𝑡     (1) 

where klitho reflects lithology (sandstone 1.15–
1.35; argillite/siltstone 0.85–0.95; heterogeneous 
section 1.00–1.10), kstr  accounts for tectonic 
disturbance (fault zones 1.10–1.25; undisturbed 
strata 0.95–1.00), kK0 ≈ 0.9 + 0.4 (K₀ − 0.7) for 0.6 ≤ 
K₀ ≤ 1.1 describes the influence of lateral stress, and 
kt = 1.00–1.10 is a time factor.  

 𝐿0(𝐻, 𝑚) ≈ 𝑎𝑚0,8ln(1+𝐻/𝐻0)    (2) 

For rapid checks consistent with the nomogram 
in Figure 2, an approximation is used (with a = 26–
28, H₀ = 90–110 m): at H = 1000 m and m = 4.0 m, L₀ 
is on the order of 55–60 m; at H = 400 m and m = 1.0 
m, L₀ is about 12–14 m. These estimates are 
consistent with the family of calculated curves L(H) 
for m = 1–4 m in Figure 3. 

Engineering application proceeds as follows. 
Specify H, m, and K₀, and describe lithology and 
structural disturbance; read L₀ from Figure 2, then 
apply the modifiers klitho, kstr, kK0, and kt to obtain L. 
Next, verify by monitoring: excavation‑contour 
convergence with acceleration exceeding 2–3 

mm/day within 0.5·L; a twofold increase in 
acoustic/microseismic activity under steady 
ventilation; ground‑penetrating radar and ultrasonic 
indications of local stiff inclusions; and a 30–50% 
increase in CH₄ flow rate and concentration at 
constant depression. 

For a weakly bedded roof at H = 600 m, m = 2.0 
m, K₀ = 0.8, and moderate disturbance, Figure 2 
gives L₀ ≈ 22 m; applying the modifiers klitho = 0.9, kstr 
= 1.05, kK0 ≈ 0.96, kt = 1.05 yields L ≈ 20 m. 
Recommended actions: reinforce support at the 
face, reduce the advance step, and drill lateral 
degasification holes 10–15 m long at a depression of 
10–15 kPa. 

For a strong sandstone roof at H = 800 m, m = 
3.0 m, K₀ = 1.0, and local tectonics, Figure 2 gives L₀ 
≈ 36 m; with klitho = 1.25, kstr = 1.15, kK0 ≈ 1.06, kt = 
1.05, the result is L ≈ 55 m. Recommended actions: 
increase the length of rock bolts and cable bolts, use 
yielding elements, reduce the face advance rate, and 
deploy an acoustic-emission station for early 
detection of transitions to unstable behavior. 

Direct comparison of the nomogram in Figure 2 
with the calculated families of curves in Figure 3 
turns abutment-pressure assessment into a 
numerically guided decision process. Tying zone 
width to specific H, m, and K₀, while accounting for 
lithological–structural heterogeneity, provides a 
practical tool for adaptive adjustment of support 
designs and degasification schemes, maintaining 
roadway stability and reducing the likelihood of 
sudden dynamic events within the 200–1000 m 
depth range typical of the Karaganda Coal Basin. 

 Figure 3 – Dependence of abutment-pressure zone 
width on depth for different seam thicknesses. 

Analysis of the stress–strain state in the 
Karaganda Coal Basin shows that the boundaries of 
zones of elevated rock pressure dip at angles of 75–
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90°, with formation depths of 250–500 m. Under 
these parameters, a characteristic wedge-shaped 
geometry develops, confining areas of maximum 
stress concentration. The construction is shown in 
Figure 4: cross-section (A) and along-strike section 
(B).  

 Figure 4 – Scheme for constructing zones of 
 elevated rock pressure 

 A – cross-section across strike, B – along-strike section. 

The limiting boundaries are traced by projecting 
rays from the edges of the worked-out space and 
barrier pillars at angles of 75–90° to the horizontal. 
This angular range corresponds to the observed 
inclination of the stress-concentration front and is 
corroborated by mine observations and physical 
modeling. At depths of about 250 m, steeper fronts 
(80–90°) prevail; with increasing depth to 500 m, the 
zone acquires a pronounced wedge shape that 
narrows downward, and operating angles decrease 
to 75–80°. Thus, mining depth directly controls the 
spatial configuration of high rock-pressure fields. 

Seam thickness exerts a decisive influence on 
the scale of the zones. For m ≤ 1.0 m, they remain 
compact and localized near the workings; for m ≥ 
3.0–3.5 m, the zones become extensive, extend 
beyond nearby pillars, and may span several 
production blocks. This necessitates revising the 
width and geometry of barrier pillars, refining the 
extraction sequence, and repositioning 
development entries. 

Mapping wedge-shaped zones of elevated rock 
pressure provides a targeted forecast of hazardous 
areas—zones prone to sudden outbursts, local 
collapses, and degradation of support capacity. 
Practical application of the scheme under Karaganda 
Basin conditions has confirmed its effectiveness for 
siting development workings and specifying barrier-
pillar parameters tied to actual depth and seam 
thickness. 

Continuing the discussion of elevated-pressure 
zones: in the immediate vicinity of the excavation, 

the stress gradients are maximal, and the 

subsequent evolution of the perimeter is 
determined there. The scheme in Figure 1 illustrates 
this dynamics: the initial contour (1) shortly after 
drivage passes through a brief period of relative 
stabilization and, under rock pressure and rock 
creep, transforms into the later contour (2). 
Between these states, a zone of complete failure (4) 
develops with a blocky mosaic and pronounced 
loosening. Along the tensile front, termination 
(tension) cracks (5) appear; their spacing and depth 
are governed by contrasts in deformation modulus 
and strength across bed contacts, the presence of 
weak interbeds, and the degree of natural 

disturbance. 
Materials of differing strength behave 

fundamentally differently. In bedded argillites and 
siltstones, structural degradation proceeds rapidly: 
effective stiffness drops, roadway convergence 
accelerates, and support capacity is exhausted over 
short time frames. Under such conditions, an early 
switch to a reinforced support scheme is justified: 
increasing rock-bolt and cable-bolt length, reducing 
spacing, using yielding elements, installing 
protective pillars, and implementing advanced 
degasification. In monolithic sandstones, excavation 
geometry persists longer due to higher strength; 
however, dome-shaped stress concentrations 
develop in the roof and at contacts with weaker 
rocks. As critical levels are approached, short-lived 
bursts of acoustic activity are recorded, local high-
stiffness zones are detected by ultrasonic and GPR 
surveys, and the stability margin collapses even 
under minor external perturbations. For such areas, 
combined support with pretension and controlled 
yielding is advisable, along with a reduced face-
advance rate and continuous instrumented 
monitoring. 

Time dependence is a key factor. Even where 
initial behavior is stable, within weeks a persistent 
trend of roof and floor displacement often emerges: 
the convergence rate increases within roughly 0.5·L 
of the abutment-pressure zone width, the share of 
low-frequency events in acoustic records grows, and 
gas emission rises steadily at constant ventilation 
depression. Joint interpretation of three 
independent monitoring channels—convergence 
measurements, acoustic/microseismic 
observations, and gas-dynamic parameters—allows 
early recognition of the sequence shown in  Figure 
1: the transition from the initial to the later contour 
via expansion of the complete-failure zone and 
development of tension cracks. 
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Design decisions under these conditions must be 
tightly linked to the map of lithological and 
structural heterogeneity. For weak strata, rational 
measures include densifying the support grid, 
increasing element length, extended degasification, 
and installing local protective pillars. For strong 
sandstone domains—lengthening bolts and cable 
bolts, using stiff-yielding inserts, and reducing the 
longwall advance rate. At contacts between rocks 
with contrasting properties, local reinforcements 
and limits on operational pauses are required to 
prevent self-propagation of the hazardous 
disintegration zones depicted in  Figure 1.  

Table 3 condenses the monitoring framework to 
three operational signals—convergence 
acceleration, growth of low-frequency acoustic 
activity, and CH₄ flow increase at constant 
depression—so that model outputs can be read 
against clear instability indicators; auxiliary channels 
such as support loads and GPR/ultrasonic scans 
remain within the narrative. 

Table 3 - Core monitoring triad and thresholds used for 
operational interpretation. 

Channel 
Derived 
metric 

Operational 
threshold 

Convergence 
acceleration 
d²u/dt² 

≥ 2–3 
mm/day 
within ~0.5·L 

Acoustic/microseismic 
share of low-
frequency 
events 

sustained 
increase 

Gas flow (CH₄) 
trend at 
fixed 
depression 

30–50% rise 

Note (Table 3). Each metric–threshold pair 
provides a bridge between stress/strain fields and 
observable underground behavior, guiding 
escalation to reinforced measures. 

 Figure 5 – Distribution of stresses around 
the excavation 

Results and Discussion 

Advancing the longwall face radically 

restructures the stress–strain state in the zone of 
development roadways and can lead to loss of their 

load-bearing capacity well before completion of 
seam extraction. The scheme in Figure 5 reflects a 
robust sequence: a roof caving dome forms, with its 
dimensions controlled by seam thickness, stiffness 

of the overlying strata, and the presence of weakly 

bedded interlayers; in the sidewalls, a squeezing 
zone develops, characterized by outward extrusion 
of the rock mass toward the goaf and opening of 

bedding/structure contacts; in the floor, a heave 
zone arises where vertical and horizontal stresses 

produce uplift and loosening of the rock. In the 
Karaganda Basin—where depths reach several 

hundreds of meters and gas content is high—these 
effects intensify: production observations indicate 
that the longwall front begins to measurably affect 
development entries already at an approach 

distance of 30–50 m, while the actual height of the 
caving dome and the widths of the squeezing and 

floor-heave zones may each reach tens of meters. 

Engineering practice shows that the rate and 

amplitude of deformation are controlled by a 
combination of three factors: seam geometry 

(thickness, dip), lithologic contrast between roof and 

floor (monolithic sandstones versus argillites and 

siltstones), and operating regimes of the longwall 
(face advance rate, duration of technological pauses, 
ventilation depression, and degasification 

parameters). In weakly bedded strata, loosening 

accelerates, sidewall convergence increases, and 

support serviceability is lost early; with monolithic 
sandstones, excavation geometry persists longer, 

but dome-shaped stress concentrations accumulate 

in the roof and can trigger sudden collapses. As the 
face approaches, reliable indicators of transition to 
an unstable regime include acceleration of sidewall 

convergence to several millimeters per day within 
roughly one-half of the abutment-pressure zone 
width, a sustained increase in the count of low-
frequency acoustic events, and growth of methane 
flow and concentration at constant ventilation 

depression. Joint interpretation of these three 

monitoring channels—geodetic and strain-gauge 
measurements, acoustic and microseismic records, 
and gas-dynamic control—enables timely 

refinement of the actual height of the caving dome 

and the boundaries of the squeezing and floor-heave 
zones shown in Figure 6. 
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 Figure 6 – Zone of potential rock-mass deformations 
around a development roadway under the influence of 

longwall operations 

Design decisions should be directly grounded in 
such forecasts. For weak roofs and floors, 
appropriate measures include densifying the 
support pattern, increasing the length and 
pretension of rock bolts and cable bolts, using stiff-
yielding elements, installing local protective pillars, 
and implementing advance degasification (lateral 
and inclined boreholes at a specified depression). 
For domains with monolithic sandstones, increase 
support capacity in combination with controlled 
yielding and a reduced face-advance step, and limit 
prolonged technological pauses to prevent self-
amplification of the caving dome. Within the 
influence zone of longwall operations, development 
roadways should be treated as part of the overall 
stability system of the rock mass: their profile, 
support type, stand-off from the goaf, and 
degasification parameters must be revised as the 
face advances based on actual measurements rather 
than design assumptions alone. This “model — 
observe — adjust” regime provides the required 
stability margin and reduces the likelihood of 
sudden dynamic events at the depths and 
lithological conditions characteristic of the basin. 

Redistribution of rock pressure. Advancing the 
longwall face radically restructures the stress–strain 
state in the zone of development entries and often 
leads to loss of load-bearing capacity long before 
seam extraction is completed. The scheme in  Figure 
6 illustrates a typical pattern. A roof caving dome 
forms; its height and span are governed by seam 
thickness, stiffness of the overlying strata, and the 
presence of weakly bedded interlayers. On the 
sidewalls, a squeezing zone develops, with the rock 
mass being extruded toward the goaf and 
bedding/structure contacts opening. In the floor, a 
heave zone forms where vertical and horizontal 
stresses cause uplift and loosening of the rock. This 

accelerates convergence growth and reduces the 
stability margin of the support. 

Under Karaganda Basin conditions, the influence 
of the longwall front is amplified by mining depth 
and high gas content. Operational observations 
show that noticeable impacts on development 
roadways begin when the face approaches to 30–50 
m. The roof caving zone and the squeezing and floor-
heave zones can each extend for tens of meters. As 
the face advances, sidewall convergence rate 
increases, fracturing intensifies in argillites and 
siltstones, and gas emission rises at constant 
ventilation depression. Reliable indicators of 
transition to an unstable regime include acceleration 
of convergence to several millimeters per day within 
roughly half the abutment-pressure zone width, a 
sustained increase in low-frequency acoustic events, 
and growth of methane flow rate. 

The rate and amplitude of deformations are 
controlled by three factor groups. The first is seam 
geometry, including thickness and dip. The second is 
contrast between roof and floor properties, where 
monolithic sandstones resist deformation longer 
while weakly bedded strata loosen more rapidly. The 
third is operating regime—face advance rate, 
duration of technological pauses, and degasification 
and ventilation parameters. Joint interpretation of 
three monitoring channels—convergence 
measurements, acoustic and microseismic records, 
and gas-dynamic control—allows refinement of the 
actual dome dimensions and the boundaries of the 
zones shown in Figure 7, and supports timely 
adjustment of decisions. 

Design must be directly grounded in such 
monitoring. For weak roofs and floors, justified 
measures include densifying the support pattern; 
increasing the length and pretension of rock bolts 
and cable bolts; using stiff-yielding elements; 
installing local protective pillars; and implementing 
advance and side degasification at a specified 
depression. For domains with monolithic 
sandstones, it is advisable to combine higher 
support capacity with controlled yielding, reduce the 
face advance step, and limit prolonged technological 
pauses to prevent dome growth. Within the 
influence zone of longwall operations, development 
roadways should be treated as part of the overall 
stability system of the rock mass. Their profile, 
support type, stand-off from the goaf, and 
degasification parameters must be revised as the 
face advances, using actual measurements and 
threshold criteria. This model–observe–adjust 
algorithm provides the necessary stability margin 
and reduces the likelihood of sudden dynamic 
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events at the depths and in the lithological 
conditions typical of the basin. 

 Figure 7 – Scheme of rock-pressure redistribution near a 
longwall working. 

1 – area influenced by the working; 2 – abutment-
pressure zone; 3 – boundary of the destressed zone;  

4 – boundary of the protected zone; 5 – boundary of the 
zone of complete subsidence; 6 – zone of rock and 

ground-surface displacements arising from deformation 
of the rock mass within the abutment-pressure zone. 

These zones do not act in isolation but as a single 
load-transfer framework: a stress change at the 
contour of a development or longwall working 
restructures the field above and below in the 
section, propagates upward to the roof, and can 
manifest at the ground surface as subsidence, crack 
opening, and terrain deformation. For the 
Karaganda Basin, the linkage between underground 
operations and surface deformation is confirmed by 
observations in areas of intensive mining: 
settlement peaks are recorded as the longwall face 
approaches, and their planform and amplitude are 
consistent with the configuration of the goaf and 
pillar parameters [[12], [13], [14], [15], [16], [17]]. 

From an engineering standpoint, pressure-
redistribution zones constitute the skeleton of the 
rock mass geomechanical state and must be 
embedded in the design at all levels—from roadway 
alignment to the scheduling of block extraction. At 
the mine-field design stage it is advisable to 
construct a map of expected propagation angles and 
depths according to the scheme in Figure 4, specify 
calculated widths of the abutment-pressure and 
destressed zones, determine the minimum 
permissible distances between the goaf and 

development entries, and design protective pillars 
about their actual load-bearing capacity. In the 
technological part, this means choosing support 
type and spacing, face-advance rate, degasification 
regime, and limits on operational pauses in zones 
where a transition to unstable behavior is possible. 
In the operational part, it entails organizing 
continuous monitoring, including convergence 
measurements, acoustic–seismic observations, gas-
dynamic measurements, and repeat surface 
geodetic surveys. Upon reaching threshold values, 
response measures are triggered—support 
reinforcement, denser bolt patterns, adjustment of 
the advance rate, local protective pillars, and 
modified degasification schemes. 

This approach enables control of the entire 
system of zones from the face to the surface: local 
load redistribution at the working is promptly 
accounted for in roof and floor stability calculations, 
in assessing impacts on adjacent horizons, and in 
forecasting surface subsidence. Tying decisions to 
the scheme in Figure 4 and to in-situ measurements 
reduces the likelihood of sudden dynamic events 
and ensures the required safety level for seam 
extraction under the conditions of the Karaganda 
Coal Basin. 

Field case. As an illustration, consider the 
sudden coal-and-gas outburst that occurred on 28 
December 1976 in the manway at level +0 m of the 
Lenin Mine in the Karaganda Coal Basin. The incident 
took place in Seam D-6 at a depth of 411 m, with a 
roadway width of 6.0 m and a height of 3.25 m (see 
Figure 5). 

According to the analysis, a zone of intense 
crushing and deformation formed in the coal seam 
adjacent to a tectonic disturbance near the outburst 
location. The character of the damaged zone (up to 
5.0 m wide from the excavation contour) was 
accompanied by significant methane release. The 
gas-dynamic event was sharp and short-lived, 
consistent with the criteria of a sudden outburst, 
and with ground-control practice in longwall 
environments [[18], [19], [20]]. 

Comparison of the documented case with the 
calculated schemes of elevated rock-pressure zones 
(see Figure 6) showed agreement: the outburst area 
was localized within a wedge-shaped stress zone 
bounded by angles of 75–80° and situated 
immediately adjacent to the edge of the worked-out 
space. The accident thus confirmed the practical 
applicability of the pressure-zone construction 
methodology for forecasting the most hazardous 
areas, consistent with stress concentration concepts 
in rock mechanics and roadway support design. 
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 Figure 8 – Sketch of the sudden outburst site with 
elevated gas emission that occurred on 28 December 
1976 in the manway at level +0 m of the Lenin Mine. 

Comparison of the calculated schemes with in-
situ observations confirms that the adopted zoning 
model for stress redistribution adequately 

represents rock-mass behavior in the Karaganda 
Coal Basin, aligning with established frameworks in 
rock mechanics and rock-mass classification. The 
system shows the highest sensitivity to three groups 
of risk factors. First, mining depth: once depths 
exceed roughly 400 m, rock-mass stress increases 
nonlinearly, consistent with the classic concepts of 
underground-excavation geomechanics by V. S. 
Kuznetsov and with the principles of rock-pressure 
control by V. P. Sakhno et al. In practice, this 
manifests as a rapid loss of stability margin in 
development and longwall roadways as they 
approach high-stress zones, a pattern well 
recognized in longwall and ground-control 
literature. Second, lithological structure: the 
association of coal seams with weak layers—
argillites and siltstones—consistently produces 
zones of disintegration and accelerates loosening; 
this conclusion is supported by regional data on gas 
content and the structure of coal-bearing strata in 
the Karaganda Basin reported by M. A. Ermekov and 
by recent engineering studies on drivage and 
maintenance of cross-cuts by G. D. Tanekeyeva, E. A. 
Abeuov, D. R. Makhmudov, R. A. Mussin, and A. Yu. 
Balabas, and is consistent with rock-mass rating and 
Q-system perspectives on weak strata. Third, 
tectonic disturbance: faulted and crushed zones 
function as stress concentrators and are statistically 
correlated with sudden dynamic manifestations; this 
is emphasized in the work of V. S. Zaburdyaev on 
degasification parameters for high-productivity 
panels and is corroborated by calculation-
instrumental solutions for stabilizing the mine floor 
by D. Akhmatnurov, N. Zamaliyev, R. Mussin, and co-
authors, and by guidance on rockburst-prone 
conditions. 

From a practical standpoint, the calculated 
boundaries of influence zones must be testable 
against measurable indicators. As stability limits are 
approached, the following are recorded: accelerated 
roadway convergence, a rise in low-frequency 
acoustic activity under constant ventilation 
depression, and a sustained increase in gas 
emission. Combined analysis of these time series 
refines the position of the abutment-pressure front, 
the boundaries of unloading, and the domain of 
complete disintegration. This approach aligns with 
current technological solutions for gas management 
and rock-mass deformation, including hydraulic 
flushing and hydraulic splitting for low-permeability 
coals (R. Zhang, C. Hao), consideration of swelling 
mechanisms and secondary deformations in 
complex geological settings (S. Y. Mu, Z. Ma), and 
synthesized observations of rock-mass behavior 
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around roadways in deep mines (K. Skrzypkowski, 
W. Korzeniowski, J. Stasica). At the project stage this 
means specifying initial contours of influence zones 
and minimum offsets from the goaf as starting 
values subject to systematic refinement via 
monitoring; the switch to reinforced support and 
intensified degasification should be triggered by 
threshold values of observed parameters rather 
than by calendar schedules, in line with the logic of 
rock-pressure control set out by Kuznetsov and 
Sakhno, and by longwall/ground-control best 
practice. 

The detailing of engineering measures is 
governed by lithological–structural conditions. In 
weakly bedded sequences with argillites and 
siltstones, justified actions include longer and 
pretensioned rock bolts and cable bolts, reduced 
spacing, use of stiff-yielding inserts, installation of 
local pillars, and advance degasification via lateral 
and inclined boreholes; the combined effect of these 
measures is reflected in modern publications on the 
geomechanical conditions of roadway drivage and 
maintenance, in technological solutions for 
intensifying gas drainage, and in standard references 
on ground control and roadway support. In domains 
dominated by monolithic sandstones—where 
roadway geometry persists longer but dome-shaped 
stress concentrations develop—it is advisable to 
combine higher support capacity with limits on the 
face advance rate and regulated technological 
pauses to prevent dome growth and brittle 
collapses; this strategy accords with the 
foundational principles of rock-pressure 
management in the classic sources and with 
synthesized evidence on rock-mass behavior in deep 
mines. Within zones influenced by tectonic 
structures, increasing ventilation depression to 
boost gas flow must be accompanied by continuous 
acoustic and deformation monitoring, since 
excessive unloading can hasten the transition to 
instability; this interrelation is discussed in detail in 
studies of degasification parameters for high-
productivity panels and in work on stabilizing the 
working floor. Where applicable, proprietary 
support and damping solutions and protected 
technical designs can be referenced for 
implementation [[21, [22]]. 

Finally, the limits of applicability must be 
recognized. Linear construction of zone boundaries 
cannot capture the full heterogeneity of the section 
and the variability of contacts; the temporal 
component—creep, stress relaxation, and changes 
in filtration and gas-dynamic regime—can recon 
Figure conditions weeks to months after drivage or 

extraction. Consequently, calculated decisions must 
be accompanied by instrumental verification: GPR 
and ultrasonic surveys to detect local stiff inclusions, 
acoustic and microseismic measurements to capture 
transitions to instability, and repeat surface geodetic 
surveys in areas of expected subsidence. This 
“model—observe—adjust” regimen rests on the 
proven methodological foundations of Kuznetsov 
and Sakhno, is supported by regional gas-content 
and structural data from Ermekov, and is reinforced 
by contemporary engineering studies in 
geomechanics and degasification, ensuring the 
required stability margin and reducing the 
probability of sudden dynamic events at the depths 
and lithological–structural conditions characteristic 
of the Karaganda Coal Basin [[23], [24], [25], [26]]. 

Conclusions 

To substantiate safe extraction of seams in the 
Karaganda Coal Basin, the rock mass must be treated 
not as a set of local boundary effects but as a 
coherent system of processes with a clear space–
time structure. Calculations and in-situ observations 
show that an interlinked hierarchy of zones forms 
around underground workings: at the boundary lies 
the abutment-pressure zone with elevated principal 
stresses; farther out is an unloading zone with 
reduced strength and increased jointing; beyond it, 
a disintegration zone with loss of structural integrity; 
and farther still, a domain of secondary movements 
through which deformations propagate away from 
the working and upward through the section to the 
ground surface. The system is nonlinear: any change 
in one zone reorganizes adjacent zones and sets the 
dynamics of the entire stress field. 

Combined analysis of calculated schemes and 
field data indicates that maximum risks localize near 
the edges of the worked-out space and protective 
pillars, where wedge-shaped stress-concentration 
fronts form at angles of about 75–90° to the 
horizontal. At depths around 250 m, steeper fronts 
(80–90°) prevail; by 500 m, the wedge narrows 
downward at 75–80°, defining areas of highest 
likelihood for brittle collapses and dynamic events. 
The geometry is validated in practice: the sudden 
outburst at the Lenin Mine (Seam D-6, 1976, depth 
411 m) reproduced the calculated scenario—the 
observed failure boundaries coincided with the 
predicted wedge-shaped high-stress zone. 

For design under basin conditions, the 
controlling factors remain lithological contrast, gas 
content, and tectonic disturbance. Bedded argillites 
and siltstones accelerate loosening and enlarge the 
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disintegration domain; monolithic sandstones 
preserve roadway geometry longer but accumulate 
dome-shaped stress fields. High gas content lowers 
resistance to perturbations, while faulted and 
crushed zones act as stress concentrators and 
deformation conduits, sharply increasing the 
sensitivity of the rock mass as the longwall front 
approaches. 

This leads to concrete engineering 
requirements. At depths above an indicative 
threshold of 400 m, a comprehensive 
geomechanical forecast is needed, with construction 
of wedge boundaries and estimation of influence-
zone width for given depth and seam thickness. 
Operations should be accompanied by continuous 
instrumentation: convergence measurements, 
acoustic–microseismic monitoring, GPR/ultrasonic 
surveys of roof and floor, and real-time gas 
dynamics. Reliable indicators of an approach to 
instability include acceleration of convergence to 
several millimetres per day within roughly half the 
abutment-zone width, a sustained rise in low-
frequency acoustic events, and increased methane 
flow/concentration at constant ventilation 
depression. Protective-pillar parameters should be 
adjusted for seam thickness, depth, and proximity to 
wedge zones; minimum sizes should be abandoned 
near faults. Support schemes must be adapted to 
actual influence-zone boundaries: increase bolt and 
cable-bolt length and pretension, tighten spacing, 
and employ stiff-yielding elements; in monolithic 
sandstones, combine higher load-bearing capacity 
with limits on face-advance rate and regulated 

pauses to prevent self-growth of a stress dome. To 
reduce outburst hazard, advance and lateral 
degasification at specified depressions, local relief 
workings, and controlled ventilation regimes are 
justified. 

Organizationally, this is implemented as a strict 
“model — observe—adjust” cycle. Initial contours of 
influence zones set starting design values; as the 
face advances and monitoring data accrue, support 
type and spacing, pillar width and geometry, 
advance rate, and degasification parameters are 
refined. This regime provides the necessary stability 
margin for development and longwall roadways and 
lowers the probability of sudden dynamic events at 
the depths and under the lithological–structural 
conditions typical of the Karaganda Coal Basin. 
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Қарағанды көмір бассейніндегі тау жыныстары қысымының және тау 
жыныстарының сілемінің деформациясының қайта таралуы  
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Сараптамадан өтті: 2 қазан 2025 
Қабылданды: 18 қараша 2025 

ТҮЙІНДЕМЕ 
Бұл зерттеу Карағанды көмір алабында жыныс сілеміндегі тау қысымының қайта бөлінуі мен 

соған ілеспе деформациялық үдерістерді қарастырады. Жер асты қазбаларының 

айналасындағы тірек қысымы, түсіру және ыдырау аймақтарының геометриясы мен 

параметрлері, сондай-ақ олардың газ-динамикалық құбылыстардың көріністеріне әсері 

қарастырылады. Әдістемелік негізге қолданылған геомеханикалық модельдерге сыни шолу, 

аймақтардың енін қабаттың тереңдігі мен қалыңдығына байланысты бағалауға арналған 

есептеу және графикалық номограммалар, сондай-ақ 75-90° шекті бұрыштарда өндірілген 

кеңістік шекараларынан кернеуі жоғары аймақтардың схемалық құрылысы кіреді. Игеру 

тереңдігі шамамен 500 м-ге дейін артқан кезде аймақтардың конфигурациясы төмен қарай 

тарылуға бейім сына тәрізді сипатқа ие болатыны анықталды; қабат қалыңдығының ұлғаюы 

https://doi.org/10.31643/2027/6445.16
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әсер ету аймақтарының кеңеюіне әкеледі. Литологиялық бөлім қауіпті аймақтардың 

орналасуын бақылайды: әлсіз қабатты балшық тастар мен алевролиттер декомпрессияны 

жеделдетеді, ал күштірек құмтастар кенеттен атқылаулар мен тау жыныстарының жарылу 

ықтималдығы жоғарылайтын кернеу шоғырланған күмбез тәрізді аймақтарды құрайды. 

Тексеру мысалы ретінде көмір мен газдың кенеттен шығарындыларының бір эпизоды 

талданды. Нақты қирау шекараларын есептелген сына тәрізді кернеу аймағымен 

салыстыруға болады, бұл мәлімделген болжамдар шеңберінде таңдалған тәсілдің 

дұрыстығын растайды. Нәтижелердің практикалық маңыздылығы ~400 м-ден астам 

тереңдікте міндетті кешенді болжау үшін шекті шарттарды нақтылауда, есептеулерді тексеру 

үшін үнемі аспаптық бақылауды негіздеуде және қабаттардың қалыңдығы мен тереңдігін 

ескере отырып, қорғаныс тіректерінің параметрлерін түзетуде жатыр. Зерттеу нәтижелері 

қауіпті шығарындылар жағдайында тазалау және дайындық жұмыстарын жоспарлау және 

қауіпсіз жүргізу кезінде пайдаланылуы мүмкін.  

Түйін сөздер: тірек қысымы, түсіру аймақтары, дезинтеграция, қазу тереңдігі, қабат 
қалыңдығы, литология. 
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Перераспределение горного давления и деформации массива пород 
в условиях Карагандинского угольного бассейна 
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АННОТАЦИЯ  
Работа посвящена анализу перераспределения горного давления и связанных с ним 

деформационных процессов в условиях Карагандинского угольного бассейна. 

Рассматриваются геометрия и параметры зон опорного давления, разгрузки и 

дезинтеграции вокруг подземных выработок, а также их влияние на проявления 

газодинамических явлений. Методическая основа включает критический обзор 

применяемых геомеханических моделей, расчетно-графические номограммы для оценки 

ширины зон как функций глубины залегания и мощности пласта, а также схемное построение 

областей повышенных напряжений от границ выработанного пространства под 

предельными углами 75–90°. Установлено, что при увеличении глубины разработки до 

порядка 500 м конфигурация зон приобретает клиновидный характер с тенденцией к 

сужению книзу; рост мощности пласта приводит к расширению областей влияния. 

Литологический разрез контролирует локализацию опасных зон: слабослоистые аргиллиты 

и алевролиты ускоряют разуплотнение, тогда как более прочные песчаники формируют 

куполообразные области концентрации напряжений с повышенной вероятностью 

внезапных выбросов и горных ударов. В качестве верификационного примера 

проанализирован эпизод внезапного выброса угля и газа. Фактические границы разрушения 

сопоставимы с расчетной клиновидной зоной повышенных напряжений, что подтверждает 

корректность выбранного подхода в пределах заявленных допущений. Практическая 

значимость результатов состоит в уточнении пороговых условий для обязательного 

комплексного прогноза на глубинах свыше ~400 м, в обосновании регулярного 

инструментального контроля для верификации расчетов и в корректировке параметров 

охранных целиков с учетом мощности пластов и глубины. Полученные выводы могут быть 

использованы при планировании и безопасном ведении очистных и подготовительных 

работ в выбросоопасных условиях. 

Ключевые слова: опорное давление; зоны разгрузки; дезинтеграция; глубина разработки; 
мощность пласта; литология. 
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