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COMPUTER MODELING OF THE STRESS-
STRAIN STATE OF THE NEAR-CONTOUR
ROCK MASS

Abstract. The article examines the modeling of the stress-strain state (SSS) of the near-contour rock mass during the preparation and operation of mine workings.
The relevance of the topic is associated with the need to improve the safety and efficiency of mining operations at Qarmet JSC enterprises. Calculations of the SSS of the
rock mass were performed using metal-arch and anchor supports. The influence of anchor length and diameter on stress distribution was established: longitudinal stresses
increase with their growth, while shear stresses change insignificantly. Patterns of stress growth depending on the thickness of roof rocks were identified. The research
results, validated by industrial testing, demonstrate opportunities to enhance the stability of workings and develop adaptive support technologies for various mining and
geological conditions.
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KommnboTepitik Mozesib/iey: KanTajJl MacCHBiHIH KepHeyJIi-1egopManusiiaHFaH Kyii

AmnpaTna. Makaia/a tay-KeH Ka30allapblH JailbIH/Iay JKOHE Maii/janaHy Ke3iH/ie KOHTYp MaHbl Tay KbIHBICTAapbl MACCUBIHIH KepHeyIi-aepopmanusuianran Kyiiin (KK)
MoJIesIb/iey KapacThipbutabl. TakeIpbinThiy o3ekriniri «Qarmet» AK-upiH TKK kocinmopsiaapsiiaa Tay-KeH JKyMBICTApbIH THIMJIUIIT MEH KayilCi3AiriH apTThIpy KakKeT-
TijiriMeH GaiiaHbicThl. MeTall JoFalibl )KOHE aHKep ik OekiTnenepai naiaanana oteipbin, MaccuBrig KJIK ecenteynepi xyprisingi. AHKepiepIiH y3bIHIbIFbl MEH THa-
METPiHiH KepHEy/Iepre 9cepi aHbIKTaIIbl: Y3bIHIBIFBI MEH IMAMETPI apTKaH CallblH OOMIIBIK KEPHEYIEp YIIFas/bl, ajl )kaHaMa KepHeynep anTapibiKraid esrepmeiini. Tebe
JKBIHBICTAPBIHBIH KaJIbIH/bIFbIHA OAMIAHBICTBI KEPHEYICPAIH 6Cy 3aHIbUIBIKTApbl aHBIKTAIIbL. 3€PTTEY HOTHXKEIEpi OHAIPICTIK ChIHAKTApMEH PacTallbl, Ka30alapibH
TYPAKTBUIBIFBIH aPTTBIPY HKOHE dPTYPITi Tay-TeoOrHsUIbIK JKaFJaiiap yurin oeiimaenren 6ekiTy TeXHOIOTUsIIapbIH 93ipiiey MyMKIHAIKTEpPiH KOPCETTi .

Tyitinoi ce30ep: may KbiCblMbl, Jcen0enty, aya aiMacy, KepHey, aHKepik beximne, may-KeH JcyMblCMapblHbly Kayincizoiel, KepHeynepoi mMooenboey, may-keH Kasoana-
Pbl, KOHMYP MAKbL MACCUBL, 2eOMEXAHUKA.

KOMHB]OTepHOC MoaeJIupoBaHue Hanpﬂmeﬂﬂo-z{e(bopanOBamloro COCTOSIHUA MPUKOHTYPHOI'0O MacCuBa

AnHOTanus. B craThe nccieyeTcs MoJeMpoBaHie HanpsukeHHO-1edopmupoBanHoro coctosnus (HJIC) nNpuKoHTYypHOro MaccrBa MOPOJL PHU MOATOTOBKE M OKCILTY-
aTalWy IIAXTHBIX BBIPAOOTOK. AKTYaJbHOCTh TEMBI CBS3aHA C HEOOXOAMMOCTBIO MOBBIIEHUS Oe30macHOCTH U 3((HEKTUBHOCTH TOPHBIX paboT Ha npeanpusaTusix Y/ AO
«Qarmety. ITposenens! pacuersr H/IC MaccuBa ¢ MCIIONIB30BaHUEM METAIIOAPOYHOM ¥ aHKEPHOH Kpereif. YCTaHOBJICHO BIMSHNE JUTMHBI M IMAMETpa aHKEPOB Ha XapakTep
HANPSDKEHUH: TIPOIOJIBHBIC PACTYT C MX YBEIMYCHHEM, a KaCaTelIbHbIC N3MEHSIOTCS HEe3HAYNTEILHO. BBIsBICHBI 3aKOHOMEPHOCTH POCTA HANPSKEHUH B 3aBHCHMOCTH OT
MOIIHOCTH NOPOJ KPOBIHM. Pe3yabrarhl HCCIEI0BAHMIA TIOATBEPKIEHbI IPOU3BOACTBEHHBIMY UCTIBITAHUAMHU, JIEMOHCTPUPYIOT BO3MOXKHOCTH MOBBIIIEHUS YCTOHUMBOCTH
BBIPAOOTOK M Pa3pabOTKU aJJalTUBHBIX TEXHOIOTHI KPETUICHHS [T PA3INYHBIX TOPHO-TEOTOTMYECKUX YCIOBHIA.

Kniouesvie cnosa: 2oproe oasnenue, 6eHMuiAYUs, NPOEeMpusanue, Hanpajicenue, aHKepuas Kpenb, 0e30nacHocms 20pHbIX padom, MOOeIUpPOsaHUe HANPSIICeHUL,

20pHbLe GbIPADOMKLU, NPUKOHIMYPHYIIL MACCUE NOPOO, 2COMEXAHUKA.

Introduction

The modern coal mining industry faces numerous challeng-
es related to the efficiency and safety of underground work-
ings. Increasing production volumes and ensuring the stability
of operations demand innovative approaches to designing and
supporting mine workings. Instabilities in the rock masses sur-
rounding mine workings result in significant costs for repairs,
operational delays, and safety risks. Advances in computer
modeling enable researchers to analyze the stress-strain state
(SSS) of rock masses with high accuracy, leading to better pre-
dictions of rock behavior and optimized support designs. This
study focuses on developing technologies for stable and safe
mine workings, considering the specific mining and geological
conditions of JSC «Qarmet» mines.

In the work of Protosenya et al. [1], approaches to modeling
the SSS of block rock masses near individual mine workings
and in the influence zone of rock beams are analyzed. The au-
thors emphasize the importance of accounting for the structur-
al heterogeneity of the rock mass and its mechanical properties
when predicting the stability of excavations.

Gospodarikov and Zatsepin [2] present mathematical mod-
eling of the SSS of rock masses in the development of shal-
low-angle deposits. Their research demonstrates the applica-
tion of numerical methods to evaluate the impact of mining
operations on the state of the rock mass, allowing optimiza-
tion of support parameters and improving the safety of under-
ground operations.

The textbook «Mine Support for Underground Workings
in Mines and Quarries» [3] explores modern schemes and
methods for constructing vertical workings and the equipment

used in these processes. The authors provide techniques for the
techno-economic justification of excavation schemes, equip-
ment selection, support types, and optimization of excavation
cycles. Special attention is paid to rock mechanics, which is
essential for solving tasks related to excavation and support.

Thus, the use of modern geomechanical modeling meth-
ods and consideration of the specific conditions of rock mass
formation are crucial factors in developing efficient and safe
technologies for underground mining operations. This study
aims to contribute to the existing scientific literature, confirm-
ing the importance of an integrated approach to analyzing the
SSS and optimizing support parameters in complex geological
conditions.

Research Methods

The study employed advanced numerical simulation soft-
ware to model the stress-strain state (SSS) of the rock mass-
es surrounding underground mine workings. Key parameters,
such as roof thickness, rock layer composition, and stress
concentration zones, were included in the models. Both met-
al arch and rock bolt supports were analyzed under varying
conditions. The simulations examined the effects of changes
in anchor length (1.8-2.4 m) and diameter (0.02—0.024 m) on
stress distribution in the rock masses.

Additionally, field experiments were conducted to validate
the simulation results, with real-world measurements tak-
en in operational mine environments. Comparative analyses
were performed to assess the correspondence between model
predictions and field data. Similar approaches were used by
Ivanov [4] in a study on the behavior of rock masses under
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dynamic loading conditions, which also integrated numerical
modeling with real-world data to improve the reliability of
geomechanical assessments in mining operations.

Furthermore, field and simulation-based validation studies
by Zaitsev [5] contributed to the accuracy of stress-strain mod-
eling. Zaitsev’s research emphasized the importance of align-
ing theoretical models with empirical data for effective mining
support system design. His findings underlined the critical role
of simulation techniques in predicting the behavior of rock
masses and optimizing mining support structures.

This methodology enables the detailed analysis of stress
distribution and support system efficiency, ensuring safer min-
ing operations and better resource management.

Results and Discussion

The research revealed the following insights into the be-
havior of mine workings: Longitudinal stresses increase with
longer and thicker anchors, reflecting improved stability in re-
sisting applied forces. However, excessive anchor dimensions
may lead to diminishing returns in efficiency. This relationship
has been previously discussed in the work of Kaiser and Tan-
nant [6], who noted that while increasing anchor size improves
stress resistance, there are limits to the effectiveness of larger
anchors under certain conditions.

Shear stresses showed limited sensitivity to anchor length
but slightly decreased with increasing anchor diameter, sug-
gesting an indirect effect of anchor geometry on stress redistri-
bution. This finding is supported by Zhang [7], who examined
the role of anchor geometry in redistributing shear stresses in
underground mine workings.

Vertical stresses exhibit moderate growth depending on the
thickness of roof strata. Roof thickness directly influences load
distribution and stress concentration in supporting structures.
Zhang et al. [8] also observed that roof thickness significantly
impacts the overall stress distribution in mine workings, high-
lighting its critical role in support design.

The analysis also revealed that metal arch supports are more
resistant to shear stresses, while rock bolt supports are better at
managing longitudinal stresses. This differentiation allows for
tailored support strategies in different geological settings. This
approach has been validated by Lee et al. [9], who demonstrat-
ed that different support systems perform better under specific
types of stresses in various geological environments.

Field tests confirmed the validity of simulation models, with
observed stress distributions closely matching predictions.
The field validation of these models supports the findings of
Zhang et al. [6], who successfully applied similar simulation
techniques to predict stress behavior and optimize support sys-
tems in underground mines.

Theoretical Foundations of the Issue

The stability of mine workings is a multifaceted problem
involving geological, mechanical, and technological factors.
The stress-strain state of the rock masses surrounding mine
workings is influenced by mining depth, rock properties, and
support configurations. The theory of stress-strain states pro-
vides a foundation for understanding and predicting zones of
plastic deformation and fracturing in rock masses. Applying
this theoretical framework allows for the design of support
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systems tailored to specific geological conditions. Advances in
computational modeling have further enhanced the ability to
simulate complex interactions within rock masses, leading to
more effective solutions for mine stability challenges.

At the JSC «Qarmet» mines, where multiple production
sections are in operation simultaneously, the accelerated and
timely preparation of longwall faces is essential for increasing
production volumes. Delays in preparation can lead to signif-
icant costs for repairs, both before and after commissioning
[10].

Currently, the types of metal arch supports used are rela-
tively expensive and lack technological efficiency, which neg-
atively impacts development speed and maintenance condi-
tions. This is primarily due to insufficient understanding of the
behavior of the surrounding rock mass, as well as the imper-
fections in the design of the applied supports and installation
technologies [11].

Maintaining and increasing the volume of underground coal
mining is only feasible with the availability of highly efficient
technologies for preparatory and maintenance operations,
which ensure the growth of mine preparation volumes [12].

The objective of this research is to develop a technology
for intensive and safe mining operations, based on identi-
fied patterns of behavior in the adjacent rock masses. This
includes optimizing the parameters of technological schemes
for preparatory operations to improve the efficiency of un-
derground mining production. The core idea of the study lies
in utilizing the induced stress-strain state of the rock mass to
design an effective support technology for the contour-adja-
cent rock mass.
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Figure 1. Manifestations of Rock Pressure in the
Ventilation Drift Under a Reversible Ventilation Scheme
for Longwall Mining (Cross-Section Along the Conveyor

Drift).

Cyper 1. Tay :xykTemeciHiH kepiHicTepi xkeygeTy
YHripiHjge, KaiTapMaJbl KeJIIeTy cXeMachl 00HbIHIIA
Ka30a »KYMBICTAPBIH :KYPri3y Ke3iHje (KOHBeHep ik
Ka30aHbIH KeciHaici 00l bIHIIA).

Puc. 1. [IposiBjieHnsi TOPHOTO AABJIEHUS B
BEHTHJISILIHOHHON BHIPAOOTKE MPU TEXHOJOTHH OUYHCTHBIX
PadoT ¢ BO3BPATHOTOYHOM CXeMOil IPOBeTPUBAHMS
(pa3pe3 BKpecT IPOCTUPAHMS 110 KOHBelepHOM
BbIpa0oTKe).
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Horizontal displacements (Ux) on all sides are 0,35 m.
Thus, the anchor support, even before the approach of the face,
cannot withstand the acting pressure and requires reinforce-
ment installation.

The conveyor excavation (see Figure 1), reinforced with
anchor support, maintains stability before the face approaches,
with tensile stresses of b, = 5 MPa in the roof (soil) and com-
pressive stresses b, = 50 MPa in the sides of the excavation.

The conducted studies on determining the influence of
roof rock control (the ratio of the thickness of the immedi-
ate roof rock to the extracted seam thickness) for metal-arch
and anchor supports showed that, in general, as the roof rock
thickness increases, all stresses exhibit a low-intensity growth
dynamic.
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Figure 2. Manifestations of rock pressure in the
ventilation drift (o).
Cyper 2. KejaeTkill IBIFbIMbI 00HBIHINA TAY
KBICHIMBIHBIH KOpiHici (7,).
Puc. 2. IIposiBjieHus TOPHOTO AABJIEHUSI HA
BEHTHJISIMOHHOM BBIPa0oTKeE (7).

For any of the considered types of mine support, with the
improvement of the controllability of the surrounding rocks,
the stresses in the mass increase in a linear dependence. Verti-
cal stresses (@,) increase insignificantly for both arch and an-
chor supports and are similar in magnitude.

Longitudinal stresses (o,) for the arch support are half as
much compared to the anchor support, while shear stresses are
four times greater. For metal-arched support, higher values are
characteristic for shear stresses (z,, = 120-140 Pa), while for
the anchor support, they are more significant for longitudinal
stresses (.= 60—70 Pa) with approximately the same magni-
tude for their respective accompanying stresses in the range of
30-40 Pa, and minimal normal stresses (3—10 Pa) — as shown
in Figure 2 .

The stress-deformed state of the surrounding rock mass
around the excavation was modeled with variations in the
length and diameter of the anchor support. The effect of anchor
length on the change in stresses in the rock mass was studied.
The anchor length (ranging from 1.8 to 2.4 meters) had little
effect on shear stresses, while vertical and longitudinal stresses
increased slightly with the length of the anchor.

With a change in the diameter of the anchor (ranging from
0.02 to 0.024 meters), vertical and longitudinal stresses in-
creased, while shear stresses decreased, following a nearly
linear dependence. It was found that, in both cases, with an in-
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Figure 3. Influence of roof rock control on the stress
magnitude around the contour of the excavation supported
by metal-arch (A) and anchor (B) supports with changes in

anchor length (C) and diameter (D) of the rod — anchor.

Cypet 3. Ka0aTThIH Ka0bIHBIH 0acKapyAbIH dcepi,
MeTaJLI-KaxKeTTi (A) :koHe ankepuri (B) kantamaiapmen

oekirtinren, y3pIHABIFBI (C) koHe TagKma quametpi (D)
e3repreH Ke3jie naiaa 60JaTbIH KepHeYIiH HIaMAachI .

Puc. 3. Biausinue ynpasJisieMOCTH IIOPOJ KPOBJIM HA
BeJIMYMHY HaNPsiKeHHii, BOSHUKAIOIIUX BOKPYT KOHTYypa

BBIPA0OTKH, 3aKpeNJIeHHO MeTalJI0apo4Hoi (A) U

ankepHoii (B) kpensio ¢ u3ameHenueMm ee 1auHbl (C)
auamerpa (D) crep:kHs1 — aHkepa.
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crease in the length of the anchor (from 1.8 to 2.2 meters) and
its diameter (from 0.02 to 0.024 meters), longitudinal stresses
(55—60 Pa) were more significant, with a tendency for them to
increase. Shear stresses remained almost unchanged (25 Pa) in
the considered range, while normal stresses increased slightly
in a linear dependence (from 5 to 10 Pa).

The conducted studies allowed determining the influence
of technological factors on the effectiveness of applying met-
al-arch and anchor supports for mining workings. The iden-
tified patterns of change in the stress-deformed state of coal
rock masses (displacements, stresses, and fracture zones) de-
pending on the main mining-geological and mining-technical
factors will allow for setting support parameters in specific
operating conditions to improve the stability of preparatory
mine workings. This will enable the development of new and
the improvement of existing technologies for the effective and
safe implementation of mine workings on gently sloping and
inclined coal seams, adaptable to changing mining-geological
and mining-technical conditions of operation.

A comparative evaluation of the conducted studies with
tests in industrial conditions showed satisfactory convergence
of the parameters of the stressed-deformed state of the rock
mass.

Conclusion

The conducted research emphasizes the critical importance
of understanding and managing the stress-strain state (SSS)
of rock masses for the safe and efficient operation of under-
ground coal mines. By integrating advanced numerical mod-

eling and field validation, this study identifies key patterns in
the behavior of rock masses and their interaction with support
systems. The findings reveal that both the length and diame-
ter of anchor supports significantly influence longitudinal and
vertical stresses, while having limited effects on shear stresses.
Furthermore, metal-arch supports exhibit higher resistance to
shear stresses, whereas anchor supports are more effective at
handling longitudinal stresses.

The research highlights the necessity of tailoring support
parameters to specific geological and technical conditions to
optimize the stability of mine workings. This approach allows
for the development of adaptive technologies that ensure effi-
cient excavation processes, even in complex mining environ-
ments.

Ultimately, the study contributes to the ongoing advance-
ment of underground mining operations by offering insights
into the design and implementation of effective support sys-
tems. The results will aid in improving the safety and produc-
tivity of mining processes, supporting the growing demand for
coal production while mitigating operational risks.
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