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The paper examines the geomechanical patterns governing the loss of stability of development workings affected
by floor heave at deep levels of coal mines. The aim of the study was to establish the relationship between the
physical and mechanical properties of the near-contour rock mass, stress redistribution after excavation, and the
development of plastic deformation in the floor of the roadway. The ventilation roadway 47K,-W at the Kostenko
mine of the Karaganda Coal Basin was selected as the study object.

The research combined laboratory testing of rocks, instrumental assessment of strength characteristics, acoustic
monitoring, and numerical modeling of the stress-strain state in the RS2 environment.

It was found that floor heave is primarily controlled by the low strength of the floor argillites, the reduction of
lateral confinement in the near-contour zone, and the formation of a destressed region where weak bedded rocks
pass into a plastic state.

The results show that roadway stability increases when the entire system “roof - ribs - floor” is stabilized rather
than a single element being reinforced. The highest efficiency was demonstrated by combined rock-bolting schemes
incorporating side and floor bolts.

The obtained results can be used to substantiate support parameters for development workings driven in similar
mining and geological conditions.

Keywords: floor heave, development workings, near-contour rock mass, stress-strain state, geomechanical
modeling, roadway stability, rock bolt support, Karaganda Coal Basin.
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B crarbe paccMOTpeHbl TeOMEXaHMUECKHE 3aKOHOMEPHOCTH MOTEPU YCTOWUMBOCTH MOATOTOBUTEIBHBIX BhIpa-
OOTOK IPH MTyYEHUH MTOPOJI IIOUBHI HA TNTYOOKHUX TOPU3OHTAX YTOJIBHBIX maxT. [{ens uccaenoBaHus coOCTosIa B TOM,
YTOOBI YCTAHOBHUTH CBS3b MEXKIY (PH3HMKO-MEXaHHUCCKUMH CBOMCTBAMHU IIOPOJT IIPUKOHTYPHOTO MAacCHBA, Iepepac-
npeeICHUEM HaIllPsDKSHHUH MOC/Ie MPOBEACHUS BRIPAOOTKH U PAa3BUTHEM IIACTHYECKUX nedopMalnii B €€ MOYBe.
OOBEeKTOM HCCIIENOBAHUS MPUHAT BEHTWIIMMOHHBIN mTpek 47K,-3 maxTtel nmenn Koctenko Kaparanguackoro
YToJIBHOTO OaccerHa.

B pabote ncmnons30BaHbl 1a00paTOPHBIE UCITBITAHUS TIOPO/], HHCTPYMEHTAIbHBIE METOIBI OLICHKH MPOYHOCTHBIX
XapaKTEePUCTUK, aKyCTUYECKUI MOHHUTOPHUHI W YHCICHHOE MOJCIMPOBAHUE HAIMPSKEHHO-IePOPMHUPOBAHHOTO
COCTOSTHUSI MaccHBa B cpeae RS2.

VYCTaHOBNEHO, YTO KIIIOYEBBIMH IPUYMHAMH IIyYEHHs SIBISIFOTCS HHM3Kas IMPOYHOCTh APTHIUINTOB MOYBHI,
CHIKEHHE OOKOBOTO OOKaTHsi B NPUKOHTYPHOH 30HE M pa3BUTHE Pa3rpyKEHHOW 0o0IacTh, B KOTOpOH citaOble
CJIOHCTBIE NTOPOJIBI IEPEXO/SIT B INIACTHYECKOE cocTosiHKE. [IoKa3aHo, 4TO yCTOHYMBOCTD BEIPAOOTKH BO3PACTAET
TIPY KOMIUIEKCHOM BO3JICHCTBHHM HA CHCTEMY «KPOBIA - OOKa - M0YBa», a HauOoimbmmi 3¢dexr odecreunBaroT
KOMOWHHMPOBaHHBIE CXEMBI aHKEPHOTO KPEIUICHNSI ¢ OOKOBBIMH U ITPUTIOYBEHHBIMH aHKEpaMH.

HOHy'—IeHHLIC pE3ynbTaThl MOT'YT OBITH MCIIOIL30BaHbI npu 000CHOBaHHH nmapaMeTpoOB KPECIUICHUA MMOATOTOBU-

TCIBHBIX Bpra6OTOK B CXOAHBIX TOPHO-T'COJIOTUYCCKUX YCITIOBUAX.
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Makanaga Kemip IIaxTajapblHbIH TEPCH TOPU30HTTAPBIHIA TabaH XKBIHBICTAPHl KOTEPLITCH Ke31€ AaWbIH/IBIK
Kaz0aapbl TYPaKThUIBIFBIHBIH OY3bITy T€OMEXaHUKAJBIK 3aHIBUIBIKTAPbl KAPACThIPhUIFaH. 3ePTTEYIIiH MaKCaThI
Ka30a KOHTYPbl MaHBIHJAFbI JKbIHBICTAPbIH (PH3HKa-MEXaHUKAJBIK KacHeTTepi, Ka30a >KYPri3iIreHHeH KeHiHTi
KepHEYJEp/IiH KaiTa OeiHyi )koHe Ka30a TabaHbIHBIH TIACTHUKAJIBIK JIe(OopManrsuIapbl apachbIHAAFbl OaliIaHbICThI
aHBIKTAy OOJI/IBI.

3eprrey HbIcaHbl peTinne Kaparanmsr keMip 6acceitringeri Kocrenko aTeiaaars! maxtansiH 47K2-3 sxenmeTkin
mITperi aasHAbL. JKyMBICTa KBIHBICTapFa 3epTXaHaBIK CHIHAKTAP, OSpIKTIK cHIaTTaMallapblH acIaNTHIK Oaramay,
aKyCTHKAJIBIK MOHUTOPHUHT >koHe RS2 Garmapmamanslk opTachlHIIa MACCHBTIH KepHEYIi-Ie(hOopMalnsIIbIK KYHiH
CaHABIK MOJEIbICY KONIaHBUIIBL

TabaH >KBIHBICTAPBIHBIH KOTEPLUIYi HETi31HEH JICi3 aprHUTUTTEPAIH TOMEH OepiKTIriMeH, KOHTYP MaHbIHaFbl
aiiMakTa OYHipJIiK KbICTIAaKTHIH a3af0bIMEH ’oHe KabaTTacKaH JKbIHBICTAP IIACTUKAJIBIK KYHIe 6TETiH O0CcaHChIFaH
alMaKTBIH KaJbIITACyBIMEH TYCIHZIIpUIETiHI aHbIKTa bl «Tebe - Oyiip - Taban» KyleciHe KeImeH i acep eTy
Ka30aHbIH OPHBIKTBUIBIFBIH apPTTHIPATHIHBI, all €H XKOFaphl HOTHKE OYHipIIiK *aoHe TaOaHABIK aHKepiIepi 6ap KypaMa

AHKEPIiK OeKiTyae OalKalaThIHBI KOPCETIIIIL.

AJBIHFaH HOTHIKENep YKcac Tay-TeOoNOTHSUIBIK XKaFnainapia NaiblHABIK Ka30anapblH OEKiTy mapameTrpiepiH

HETI3[eyTe maianIaHbUTybl MYMKIH.

Tyilin ce3nep: TabaH XBIHBICTAPBIHBIH KOTEPLTYi, JAUBIHABIK Ka30atapsl, KOHTYP MaHBIHIAFB MACCHB, KEpHE-

yai-aepopManusIIbIK Ky, TeOMeXaHUKAJIBIK MOZIEIbIEY, Ka30a TYPaKTBUIBIFEL, aHKepIiK Oekity, Kaparanis! kemip

Oacceiini.

Introduction. Ensuring the stability of development
workings at deep horizons is one of the most challenging
tasks in underground coal mining, since the condition
of the near-contour rock mass determines operational
safety, support integrity, and the skcruTyaTannoHHas
reliability of the excavation [1-3]. With increasing
mining depth, the level of natural and technogenically
redistributed stresses rises, the influence of weak
lithological wvariations and structural disturbances
intensifies, and the «rock mass—excavation—support»
system begins to operate in a clearly nonlinear regime
[4].

One of the most unfavorable manifestations of rock
pressure is floor heave. Unlike local roof collapses
or sidewall failures, this process develops gradually
but leads to a persistent reduction in the cross-section
of the excavation, deformation of the support system,
deterioration of transport and ventilation conditions,
and, consequently, the need for continuous maintenance
and repair works. Floor heave is most intensive in
workings driven through weak argillites and siltstones

prone to plastic deformation and shear under reduced
lateral confinement [3, 6].

For the conditions of the Karaganda coal basin,
this problem is particularly relevant due to the
significant mining depth, complex geological structure
of coal-bearing strata, and pronounced lithological
and structural heterogeneity of the rock mass. Under
such conditions, the stability of development workings
is governed not by a single parameter, but by a
combination of rock strength, fracturing, bedding,
stress-strain state parameters, and characteristics of the
applied support system. Therefore, reliable assessment
of excavation stability must be based on an integrated
approach combining experimental investigations and
numerical geomechanical modeling [4, 7].

devoted
to underground excavation stability, the issues of

Despite the large number of studies

geomechanical substantiation of floor heave under
specific deep mining conditions remain insufficiently
explored, especially for weak layered floor rocks and
their interaction with the destressed near-contour zone
[5, 8]. In practice, this often leads to the use of
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standard support schemes without considering the actual
deformation mechanisms of the rock mass, which
reduces the effectiveness of stabilization measures [6,
9].

The objective of this study was to provide
a geomechanical justification for the stability of
development workings under floor heave conditions
based on the analysis of physical and mechanical
properties of the near-contour rock mass, numerical
modeling of the stress-strain state, and assessment of
the influence of support parameters on deformation
processes. To achieve this objective, the following
tasks were addressed: determination of rock strength
characteristics, identification of stress redistribution
patterns in the near-contour zone, evaluation of floor
rock stability, and substantiation of rational support
parameters [7, 10].

Materials and Methods. The study was carried out
for the conditions of ventilation roadway 47K, ; of the
Kostenko mine, Karaganda Komir LLP. The excavation
was driven at a depth of 683—691 m under complex
geological conditions. The floor consists of argillites
prone to heaving; the immediate and main roof are
composed of argillites, sandstones, and siltstones, while
the interlayer thickness K3—K, varies from 2.65 to 4.5
m, forming a highly heterogeneous stress-strain state of
the rock mass.

The experimental part included sampling and
testing of coal and host rocks from seams Kj,
K,, and Kj;. Strength characteristics were determined
using a combination of laboratory and instrumental
methods: Schmidt hammer rebound testing, impact-
impulse testing using IPS-MG4.04 device, and uniaxial
compression tests on a PSN-0.16.10 testing machine.
This combination allowed obtaining comparable
strength data for argillites, siltstones, sandstones, and
coal, as well as assessing the influence of structural
heterogeneity on mechanical behavior.

Numerical modeling of the stress-strain state of the
near-contour rock mass was performed using the RS2
software based on the finite element method. The
model included the coal seam, roof and floor rocks, the
destressed near-contour zone, and the influence zone of
the longwall face. The rock mass behavior was described
using an elastoplastic model with the Mohr—Coulomb
failure criterion. The initial state corresponded to a
gravitational stress field. Boundary conditions included
fixation of the lower boundary in vertical displacement,
lateral boundaries in horizontal displacement, and
application of vertical load at the top boundary
corresponding to the overburden weight. Additional

calculations were carried out for different unloading
coefficients to track stress evolution, development of the
destressed zone, and transition of floor rocks into the
plastic state.

To analyze structural discontinuities and assess local
stability, Dips and Unwedge software were used.
Based on fracture orientation measurements, the main
discontinuity systems were identified, potential wedge
blocks in the roof, ribs, and floor were evaluated, and
anchor support parameters were selected considering
the size and stability of weakened zones. This approach
allowed correlating fracture geometry with possible
mechanisms of local instability [7, 11].

Field assessment of the rock mass condition was
carried out using acoustic monitoring with the «RIPAS»
system along the ventilation roadway 47K2-Z in
section PK 10-110 m. The method is based on
recording and analyzing acoustic signals reflecting
changes in fracturing, stress state, and deformability
of the rock mass. The use of «RIPAS» enabled
comparison of calculated stress-strain conditions with
actual geomechanical manifestations in the excavation.

Experimental and numerical data were analyzed
jointly, which made it possible to assess the conditions
of floor heave development, determine the stability
coefficient of the near-contour rock mass, and justify
rational support parameters.

Results and Discussion. The obtained results show
that the stability of development workings under the
considered conditions is determined by the combined
influence of strength heterogeneity of the near-contour
rock mass, stress redistribution near the excavation
boundary, and the efficiency of the applied support
system.

Laboratory and instrumental tests revealed significant
differentiation in the physical and mechanical properties
of the studied rocks. Sandstones exhibit the highest
strength: estimated uniaxial compressive strength
reaches 78 MPa according to Schmidt hammer data and
70 MPa according to impact-impulse testing. Siltstones
occupy an intermediate position with strength values
of about 50-55 MPa. The least stable materials are
argillites and coal from seams K,—Kj3. For argillites, the
estimated strength is 35—42 MPa (Schmidt hammer) and
32-38 MPa (IPS-MG4.04), while for coal it decreases
to 12-16 MPa. Uniaxial compression tests showed
failure loads ranging from 3.07 to 24.92 kN, confirming
significant heterogeneity of the rock mass in terms of
strength and deformability.

These results help explain the mechanism of floor
heave. Argillites forming the floor are characterized
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by relatively low strength, pronounced layering, and
a tendency to delaminate along planes of weakness.
Under reduced lateral confinement, they are the first
to enter a plastic deformation state, creating conditions
for extrusion of rocks into the excavation void.
Numerical modeling demonstrated that after excavation,
a characteristic stress redistribution pattern is formed.
In the face area and roof, a zone of maximum principal
stress concentration o, develops, reaching 29-31 MPa.
At the same time, stress reduction to 8—12 MPa is
observed in the floor, indicating the formation of a
destressed near-contour zone. This stress combination
is geomechanically unfavorable, since the reduction in
normal stress increases the role of shear stresses, which

is particularly dangerous for weak layered argillites of
the floor.

Numerical modeling demonstrated that after
excavation, a characteristic stress redistribution pattern
is formed. In the face area and roof, a zone of maximum
principal stress concentration o, develops, reaching 29—
31 MPa. At the same time, stress reduction to 8—12 MPa
is observed in the floor, indicating the formation of a
destressed near-contour zone. This stress combination
is geomechanically unfavorable, since the reduction in
normal stress increases the role of shear stresses, which
is particularly dangerous for weak layered argillites
of the floor. The distribution pattern of the maximum
principal stresses in the near-contour zone of ventilation

roadway 47K2-Z is shown in Figure 1.

Fig. 2 - Weakened zones of the rock mass and their stability assessment based on Unwedge modeling results

The calculation of the floor rock stability factor
confirmed the presence of conditions for the
development of floor heave. At normal stresses of 8—12
MPa, shear stresses of 4.5-6.0 MPa, argillite cohesion
of 1.2-1.8 MPa, and an internal friction angle of 18—
22°, the stability factor Fs in the near-contour zone
ranges from 0.80 to 0.95. Values below unity indicate
a transition of the rock mass into an unstable state

and the development of plastic deformation. Therefore,
floor heave in the considered excavation is a natural
consequence of stress redistribution under conditions
of a weak argillite floor, rather than a random local
manifestation of rock pressure.

Analysis of the structural disturbance of the rock
mass showed that an additional factor contributing
to instability is the presence of fracture systems and
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weakened surfaces forming potential wedge-shaped
blocks in the roof, ribs, and floor. According to modeling
results obtained using Dips and Unwedge, depending
on fracture orientation and excavation direction, roof
and sidewall blocks of significant mass may form. For
certain weakened roof wedges, the initial safety factor

NI

is equal to zero, indicating the necessity of mandatory
rock bolting. After bolt installation, the safety factor
increases to 1.8-2.0, and the weakened zone transitions
into a stable state.

1

Fig. 3 - Fracture development zones under rock bolt support in disturbed areas in the Unwedge software

interface (a - rock bolt support; b - factor of safety of rock blocks) In the floor (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

To determine the factor of safety of the supported weakened zone, the ratio of the support capacity to the weight

of the weakened wedge was used:

FS =

support capacity

wetght of the weakened zone

()

Figure 4 shows the calculation of the factor of safety for unsupported and supported excavations.

Fig. 4 — Determination of the factor of safety for unsupported (A) and supported (B) geomechanical models
in the Unwedge program; (C) excavation layout and support scheme

FS=

support capacity

wedgeweight

Support capacity =0t
Wedge weight =44 t
FS=0/44=0

The assessment of the influence of support parameters
showed that the most effective scheme is the one that
ensures not only roof support but also limits deformation
of the ribs and floor. Modeling results indicate that a
two-level rock bolting system reduces the development
of inelastic deformations compared to a single-level
scheme, while the use of side bolts decreases the
load on the ribs and reduces pressure from the floor

Support capacity = 80 t
Wedge weight =44 t
FS=80/44=1.8

rocks. Increasing the length of side bolts to 3.5 m is
accompanied by an increase in the rock mass safety
factor, a reduction in lateral stresses from 20 to 15 MPa,
and a decrease in the depth of failure in the roof and ribs.
The use of floor bolting reduces floor deformations by
40-50%, which is especially important under conditions
of argillites prone to heaving.
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Comparison of calculated and field data shows
that deformation development in the excavation has a
pronounced geomechanical nature and is governed by
the interaction of weak floor rocks with the redistributed
stress state of the near-contour rock mass. Stability
improvement is achieved not by strengthening a single
element, but through a xommekcHoe Bo3nelcTBHE On

the “floor—ribs—roof” system, where rock bolting and
combined support limit the development of the plastic
zone and contribute to rock mass stabilization. The
summarized results of laboratory and instrumental
determination of physical and mechanical properties of
the studied near-contour rocks are presented in Table 1.

Table 1 - Physical and mechanical properties of the studied rocks of the near-contour rock mass

Rock Type Average Schmidt | Estimated Strength by | Estimated Strength by IPS-
Rebound Index (R) Schmidt Hammer, MPa MG4.04, MPa
Argillite 29.1 42 38
Carbonaceous 25.7 35 32
argillite
Siltstone 35.5 55 50
Sandstone 43.5 78 70
Coal seam K1 19.1 16 15
Coal seam K2 17.9 14 13
Coal seam K3 16.9 13 12

The main calculated parameters of the stress state of the near-contour zone and the stability factor of the floor
rocks obtained from numerical modeling are presented in Table 2.

Table 2 - Calculated parameters of the stress state and the stability factor of floor rocks

Parameter Value Interpretation
Maximum principal stresses in the zone ahead 29-31 Formation of a stress concentration
of the face, MPa zone
Normal stresses in the floor, MPa 8-12 Development of a destressed near-
contour zone
Shear stresses in the floor, MPa 4.5-6.0 Increased probability of shear
deformation
Extent of the active stress redistribution zone, m 30-35 Geomechanically disturbed near-
contour zone
Cohesion of floor argillites, MPa 1.2-1.8 Low shear strength
Internal friction angle of argillites, degrees 18-22 Limited shear resistance
Stability factor of floor rocks, Fs 0.80-0.95 Unstable condition, prerequisites
for heave
Plastic deformation zone 35 m from the Support reinforcement required
excavation contour

The obtained results indicate that the development of
floor heave in development workings at deep horizons
is not caused by a single factor, but by their combined
action. The key role is played by the interaction of
the low strength of argillite floor rocks, pronounced
structural heterogeneity of the rock mass, and stress
redistribution after excavation. Under the considered
conditions, it is the reduction of lateral confinement in

the near-contour zone, combined with the action of shear
stresses, that creates a geomechanical situation in which
weak floor rocks transition into a plastic state and begin
to heave into the excavation void.

It is fundamentally important that laboratory tests
and numerical modeling do not contradict each other
but rather complement one another. The experimentally
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determined low strength of argillites explains their
increased susceptibility to deformation, while RS2
modeling demonstrates how this weakness is manifested
in the near-contour zone. Therefore, floor heave should
be considered as the result of the superposition of two
processes: intrinsic rock weakness and external stress
redistribution.

From an engineering perspective, this implies that the
conventional approach, which focuses primarily on roof
support, does not ensure sufficient stabilization of the
excavation. Under such conditions, an effective support
system must simultancously limit roof delamination,
restrain sidewall displacement, and prevent floor heave.
This explains why combined support systems with side
and floor bolts, as well as two-level bolting schemes that
redistribute loads to more stable zones of the rock mass,
have shown the greatest effectiveness.

Comparison of the obtained results with general
concepts of modern rock mechanics indicates that for
deep horizons, the decisive factor is not the absolute
stress level but the configuration of stress redistribution
around the excavation. A stress concentration zone
forms ahead of the face, while a destressed zone
develops in the floor. When designing development
workings under similar conditions, it is necessary to
consider not only rock strength but also the potential
formation of destressed near-contour zones, which are
most critical in terms of floor heave.

The advantage of this study lies in its integrated
approach, combining laboratory determination of rock
properties, numerical modeling of the stress-strain state,
and analysis of support parameters. This made it
possible to move from qualitative descriptions of floor
heave to its quantitative geomechanical interpretation.
However, the limitations of the study include
consideration of a single excavation and the use of a

two-dimensional modeling approach. Further research
should focus on expanding the field observation base,
accounting for spatial variability of interburden layers,
and applying three-dimensional modeling of the near-
contour rock mass.

Conclusion. It has been established that the stability
of development workings at deep horizons is largely
determined by the condition of floor rocks composed of
weak argillites prone to plastic deformation. Laboratory
studies confirmed significant heterogeneity in the
physical and mechanical properties of the near-contour
rock mass, while numerical modeling revealed the
pattern of stress redistribution within the excavation
influence zone. It was shown that a zone of maximum
principal stress concentration forms ahead of the
face, while a destressed zone with reduced lateral
confinement develops in the floor, creating conditions
for rock extrusion into the excavation.

It is demonstrated that stability improvement is
achieved by transitioning from local reinforcement of
individual zones to integrated stabilization of the “roof—
ribs—floor” system. The most effective solutions were
combined two-level rock bolting schemes, which reduce
inelastic deformation, limit the development of the
plastic zone, and increase the safety factor of the near-
contour rock mass. The obtained results can be used
for geomechanical justification of support parameters
for development workings under similar geological and
mining conditions of the Karaganda coal basin.

Funding. This research was supported by the
Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan under
program-targeted funding for the implementation of the
scientific and technical program IRN BR28712407.
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