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Abstract. Floor heave in coal mines is a multifaceted problem caused by a combination of
mineralogical, hydrogeological, and geomechanical factors. The article examines the causes of
this phenomenon, detailed mechanisms (swelling of smectite clays, plastic flow, bending and
buckling of the floor), the influence of mining depth and rock pressure, as well as the associ-
ated economic and production consequences. Particular attention is paid to water saturation
conditions and changes in the stress state of the rock mass. Practical methods for diagnosing
floor heave, engineering approaches to its prediction and control are presented. Characteristic
examples of floor heave manifestations in mine workings are given, and recommendations are
provided for numerical modeling, selection of support parameters, and improvement of road-
way stability. The impact of floor heave on the safety of mining operations is also considered.
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Introduction

Ground heave (or floor heave, or squeez-
ing ground) is the uplifting or bulging of rock
within a mine working, leading to reduced
access, damage to support and equipment,
and increased operating costs. In deep min-
ing environments, the problem is exacerbat-
ed by increased rock pressure and changes in
hydrogeological conditions. Practical interest in
this problem stems not only from operational
safety considerations but also from econom-
ic considerations: approximately 15-25% of
operating costs in some mines are associated
with maintaining working stability and combat-
ing deformation.

Mechanism of swelling of rocks

Soil heaving (swelling) in coal mines is a
serious problem caused by a combination of
geomechanical and physicochemical factors.

The main materials and research on this
topic cover the causes of the phenomenon, the
mechanisms of its development and control
methods [1].

The causes of soil heaving can be varied
[1-3].

The main factors contributing to soil heav-
ing in mine workings are:

- Presence of expansive clay minerals: sub-
soil clays often contain minerals of the smectite
group, in particular montmorillonite, which are
highly hygroscopic and significantly increase
in volume upon contact with water (hydration
swelling);

- High stress in the mountain range: redis-
tribution of vertical and especially horizontal
stresses after the construction of workings
leads to the extrusion of soil rocks into the
working space (plastic flow);

- Waterlogging of rocks: Water penetration
from aquifers or technological processes re-
duces the strength and modulus of deforma-
tion of mudstones and shales, making them
more susceptible to heaving.

- Geological conditions: these include the
thickness and strength of the underlying rock
layers, the presence of cracks, faults, and the
depth of the coal seam [4-5].

The main mineralogical factor contributing
to swelling is the smectite group of minerals
(including montmorillonite). These minerals
have a layered structure and the ability to
bind water molecules in the interlayer spaces,
causing a significant increase in volume upon

wetting and a sharp decrease in strength upon
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saturation. Studies of montmorillonite images
demonstrate a typical folded porous structure,
which explains the high hygroscopicity and
increasing deformation flexibility of the rocks
upon wetting.

The presence of ions (Na*, Ca?*, etc.)
in water affects the degree of rock swelling.
Changes in the chemical composition of water
(due to the opening of aquifers or industrial
wastewater) can intensify swelling processes.

Flooding occurs when aquifers are exposed,
water seeps through cracks, or as a result of
technological operations (water drainage,
flushing). Water reduces the effective strength
of mudstones and shales and creates condi-
tions for hydration swelling of smectites. The
transition from a dry to a saturated state can
be accompanied by a sharp increase in defor-
mation and accelerated plastic flow.

After excavation, vertical and especial-
ly horizontal stresses are redistributed with-
in the rock mass. If the marginal rock mass
and underlying rocks are insufficiently strong,
the material may deform plastically and be
"squeezed" into the excavation. This manifests
itself as a gradual uplift of the excavation floor
and lateral deformation of the support struc-
ture.

As mining depth increases, the overall geo-
static pressure and the role of shear (horizon-
tal) stresses increase. High horizontal stresses
can cause bending and buckling of relatively
layered and rigid horizons, leading to localized
heaving and damage to the lining.

Mechanisms of soil heaving develop-
ment

Hydration swelling (swelling) the primary
physicochemical mechanism is water penetrat-
ing the interlayer spaces of smectite minerals
- the interlayer water causes an increase in
particle volume. At the macro level, this is ex-
pressed in uplifts, crack formation, and virtu-
ally irreversible changes in volume over a long
period of time [3-5].

Plastic extrusion and loss of bearing capac-
ity occurs if rock deformation exceeds permis-
sible limits, plastic flow of the marginal rock
mass occurs. This is characterized by a slow
but steady extrusion of rock into the workings,
pressure on the supports, and a gradual reduc-
tion in the useful cross-section.

Bending and buckling occurs. With a high
horizontal stress component, relatively layered
and inflexible horizons can experience crack-
ing and bending, visually resembling wave-like
heaving. This mechanism is often combined
with plastic flow in more flexible layers.

Below are examples of types of swelling
(Figures 1, 2).

Diagnostics and research methods

Laboratory methods include the following:

Figure 1 — SEM (scanning electron
microscope) image of montmorillonite
— demonstrating the microstructure of

smectite minerals that leads to swelling

Mineralogical analysis to determine smectite
content; petrography and SEM to study the
microstructure (Figure 1); laboratory swelling
tests; strength and deformation modulus tests
in saturated and dry states.

Field methods are: Geophysical methods
for detecting water saturation anomalies; de-
formation monitoring for early detection of
deformation growth; hydrogeological observa-
tions and groundwater level monitoring.

Mathematical and numerical modeling:
Construction of a geomechanical model of the
massif (taking into account layering, fracturing,
and stress distribution); numerical schemes
taking into account the nonlinear behavior of
clay rocks and swelling; modeling of flooding
and the reaction of smectite layers.

Engineering methods for control and
prevention of frost heave

Hydrogeological measures include: proper
water drainage and drainage around workings;
local waterproofing of hazardous areas (injec-
tions, barriers); control of water chemistry (if
possible) to reduce smectite sodiumg forma-
tion [6-7].

Fastening and design solutions: and use of
combined support: deformable shell, anchors
and flexible elements; design of support with a
reserve for possible plastic displacement (de-
formable support); reduction of free cross-sec-
tion in the most vulnerable areas (deliberate
reinforcement of areas).

Technological solutions that help reduce
swelling: limiting the opening of aquifers
during mining; control of process waters and
chemical discharges; planning of mining to re-
duce stress redistribution (step mining, sup-
ported schemes) [6-7].

Research in the Karaganda coal basin using
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the MIKON-GEO system was conducted at the
T. Kuzembaev mine of Qarmet JSC - installa-
tion traverse 46K10-V, picket 6+9.25 m (Fig-
ure 3).

Mine geophysical surveys were conducted
to predict the location of accumulation areas,
increased fracturing and anomalous zones,
water-saturated zones and gas accumulations.

Figures 4 and 5 show the results of two-
and three-dimensional water saturation inver-
sion for the study area. Areas with increased
water saturation are identified in the 30-70 m
interval, indicating possible soil heaving and
rock extrusion. Further tunneling confirmed
the instability of the rock mass, with extensive
rock folding and stratification.

Considering that up to 20% of operation-

al losses can be associated with mine stability
issues, investments in diagnostics and preven-
tative measures typically pay for themselves
through reduced downtime, support repairs,
and other measures. For effective risk man-
agement, the following are recommended:
early identification of areas with elevated
smectite content, systematic monitoring, and
implementation of response scenarios at the
first signs of swelling.

For practice and further research it is
recommended: Regular mineralogical moni-
toring of core and rock samples for the pres-
ence of smectites; implementation of a com-
prehensive system for real-time deformation
and water level monitoring; integration of hy-
drogeological and geomechanical models for

Figure 3 — Mining plan
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excavation planning, taking into account the
exposure of water horizons; the search for en-
gineering solutions in the field of "support de-
formation"; experimental field tests to control
the chemical composition of water in the work-
ing zone (to assess the possibility of reducing
smectite swelling).

Soil heaving is a complex multifactorial pro-
cess in which the geomechanics of clay rocks
and water saturation play a key role.

Geomechanical modeling and in-situ obser-
vations are essential for predicting and man-
aging this phenomenon.

Practical measures (support, anchoring,
unloading) have proven their effectiveness,
but require adaptation to specific mine condi-
tions.

The prospect of using modern computa-
tional methods (numerical and graphical mod-
els) to improve the accuracy of forecasts and
the effectiveness of engineering measures.
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Conclusion

Soil heave in coal mines is the result of a
complex interaction between mineralogy, hy-
drology, and rock mechanics. An effective
heave mitigation strategy should be based on
a combination of early detection (mineralogy
and monitoring), adaptive support design, and
hydrogeological management. For deep work-
ings, the integration of numerical modeling
with field data and the use of flexible engineer-
ing solutions capable of withstanding plastic
rock flow are particularly important.
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Kemip waxtanapbiHgarbl TabaH >XbIHbICTapbIHbIH KOTepinyi: cebentepi meH gamy
MexaHu3magepi
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AHpgartna. Kemip waxtanaapbiHaarbl TabaHHbIH KOTEPI1yi MUHEPA10rnsisibIiK, rMApOoreos10russibiK
JKOHE reoMexaHuKallblK hakTopiapAabiH YHAeCcyiMeH 6aiiaHbICTbl KOMKbIP/ibl Macesie 60/1birn Ta-
6bl1aabl. Makanaga 6y KybblibICTbIH CE6ENTEPI, OHbIH EMKEN-TEMKeH/1i MexaHn3Maepi (CMeK-
TUTTI ca3gapAblH ICiHyi, MAacTukasabiK ary, TabaHHbIH nilyi MEH KOparnTaHybl), Ka3ly TEepPeHAiri
MEH Tay KbICbIMbIHbIH 9CEpPi, COHAar-aK cofaH 6arisiaHbICTbl SKOHOMMWKAJIbIK XXOHE OHAIPICTIK
casigapaap KapacrbipbiyiFaH. Cy KaHbIFy XafAanaapblHa XXoHe Tay XbIHbICTapbl MACCUBIHIH Kep-
HeyJli KyWhiHiH e3repyiHe epeklue Hasap ayaapbliiFraH. TabaH KeTepinyiH AnarHOCTUKaaayAbiH
paKTUKasblK 84iCTePi, OHbI 6o/Kay XoHe baKbliayAblH UHXEHEPJIIK TaCiIAEPI KEATIPIIreH.
Tay-keH Ka3banapbiHaa TabaH KeTepinyiHiH KepiHic 6epyiHiH ToH Mbicasigapbl YCbIHbI/IbIM, CaH-
AbIK Mogenibaey, 6eKiTre napameTpsiepiH Tanaay XoHe Ka3basiapabiH TYPAKTbl/ibiFbiH apTThipy
6ovibIHIWa ycbIHbIMAap 6epinreH. COHbIMEH KaTtap, TabaH KeTepinyiHiH Tay-KeH >XYMbICTapblIH
JKYPri3y KayircigiriHe acepi Kapacrtblpbl/iagbl.

Kint ce3zgep: xbiHbIC TabaHblHbIH KOTEPI/YI, iCIHY, CMEKTUT, MAACTUKA/IbIK bIFbICY, KDElb, €0-
MexaHuKa.
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AHHOTayuns. [lydeHune rnoyYBbl B yroJsibHbIX LLUaxTtax — MHOrorsiaHoBas npo6/7eMa, BbI3BaHHas
coYyeTaHneM MUHEPAJIOrM4eCckKnx, rmagporeosiorm4eCKUX U reOMexXaHU4YeCKnux CbaKTOpOB. B cra-
TbEe paCCMaTtpuBaroTCs rNnpuYnHbl SABJ1IEHUA, AETAJ/IbHBIE MEXAHU3MbI (Ha6yxaHme CMEKTUTOBbIX
I'JINH, 71aCTUYECKOE TEYEHUE, n3rnb un K0p06ﬂeHMe I'IO‘-IBbI), BJINsAHNE I'ﬂy6MHbl pa3pa60TKM u
FTOPHOro AaBJiIEHWA, a TAKXXe CBsS3aHHbIE C 3TUM SKOHOMUYECKHUE U NTPpON3BOLACTBEHHbIE MNOC/IEA-
crBusi. Ocoboe BHUMaHue YAEJIEHO yC/IOBUSM BOAOHAChILEHNA U USMEHEHUIO Hal'lpﬂ)KéHHOI'O
COCTOSAHUSA MaccuBa. lNpuBeaeHbI NMPakTUYeECKNE METOAbI ANAarHOCTUKU MyYEHUS, UHXKEHEPHbIE
Crocobe! ero MPOrHO3MPOBaHUS U KOHTPOJIA. [IpeACcTaB/IeHbl XapaKTeEPHbIE NMPUMEPbLI MposiB/ie-
HUsS rNy4eHns B ropHbIX Bblpa6OTKaX n AaHbl peKOMeHAaUNUN 110 YNCJIEHHOMY MOAE/IMPOBaAHUKO,
Bbl60py rnapaMeTpoB Kperiv U rnoBbILLIEHNIO yCTOI;I'-IMBOCTM Bblpa6OTOK. Takxxe paccmaTpuBaeTcs
BJISAAHNE NMy4YeHUs rNno4YBbl Ha 6e30rnacHoCTb BEAEHUS FOPHbIX pa6or.

KnroueBblie crnoBa: ry4yeHue royshbl, HanyaHme, CMEKTUT, [1J71laCTUYECKOE BblgaB/iInBaHue,
KpErib, reoMexaHukKa.
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