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Abstract

The challenges associated with ground movement and surface deformation, which subsequently affect
railways and buildings in mined-out areas, were addressed in this study. The Sha-Wu railway (China),
which traverses mined-out areas, was taken as an engineering example. A 3D model was developed
via ABAQUS software to simulate the advancing process of working faces under varying seam
heights. The spatiotemporal characteristics of ground movement and surface deformation in the
mined-out areas were analysed, and the coupling mechanism between residual deformation and
deformation of railways and buildings was revealed. Results show that as the mining face advances,
ground subsidence exhibits a funnel-shaped nonlinear expansion pattern in all directions. Nonuniform
subsidence in mined-out areas induces interlayer separation and void phenomena in railway track
structures. The building structural stress intensifies with increasing mining height, and the stress
concentration is primarily at load-bearing components (beam-column joints and column bases). This
research aims to provide references for railways and building reinforcement in mined-out areas.
(Received in May 2026, accepted in August 2026. This paper was with the authors 1 month for 2 revisions.)
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1. INTRODUCTION

The continuous exploitation of coal resources has led to the large-scale expansion of coal
mining subsidence areas in China, causing severe impacts on the ecological environment
[1,2]. Concurrently, with the ongoing urbanisation process, the utilisation of coal mining
subsidence lands for construction has become an effective approach for expanding urban
development space and accelerating economic transformation. Currently, the contradiction
between the rapid increase in coal mining subsidence areas and the diminishing availability of
urban construction land is becoming increasingly prominent [3].

The decreasing availability of land resources has inevitably forced some railway lines to
traverse mined-out areas. The characteristics of uneven subsidence and discontinuous
deformation at mined-out area sites undoubtedly pose potential risks and safety hazards to
railway engineering construction and operational maintenance [4, 5]. Therefore, investigating
the deformation evolution characteristics of railway lines and surface building structures
under the residual deformation of mined-out area sites and revealing their mechanisms is a
fundamental task for determining whether coal mining subsidence lands can be developed as
construction land and ensuring the safety and stability of buildings.

This study focuses on the deformation evolution characteristics of high-speed railway
lines and overlying building structures under the residual deformation of mined-out areas and
verifies the applicability of numerical simulation methods for railway lines and building
structures in the complex environments of mined-out areas. Furthermore, the laws of surface
movement, including the deformation in coal mining subsidence areas and the deformation
mechanisms of the overlying structures, are determined. The aim is to provide theoretical
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foundations and technical support for the optimal design of railway line construction and the
reinforcement of surface building structures at mined-out area sites. In this manner, the safety
and stability of railway construction and urban infrastructure can be enhanced.

2. STATE OF THE ART

With respect to surface deformation monitoring analysis, Sun et al. [6] delineated mined-out
area influence zones via InSAR interpretation and field surveys. Shi et al. [7] investigated
mining-induced foundation damage via tests and numerical simulations. Anantrasirichai et al.
[8] employed deep learning for ground deformation feature detection. Although these studies
have advanced data acquisition and technical applications, they lack multisource monitoring
data fusion validation. Conversely, the current research proposes a 3D numerical model that
integrates railway engineering, station structures and mined-out area foundations. Coupling
measurements with monitoring data not only achieves multisource data and enhances model
accuracy but also addresses validation gaps.

With respect to the coupling analysis between surface deformation and building
deformation, An et al. [9] revealed overburden stability in mined-out areas by monitoring.
Kapusta and Szojda [10] examined the effects of terrain curvature on building deformation in
mined-out areas. Sidki-Rius et al. [11] modelled mining subsidence basins via Gaussian
functions. Despite progress in single-factor analysis, these studies have faced multifactor
coupling deficiencies. Conversely, the current work introduces building load-mined-out area
foundation-structure coupling models to analyse load-deformation interactions, deepen
multifactor coupling mechanisms and overcome single-factor limitations.

In the field of damage evaluation analysis for surface buildings, Rusek et al. [12]
developed a building damage intensity prediction method. Alaece et al. [13] estimated
foundation settlement via fuzzy membership functions. Strzalkowski [14] correlated surface
horizontal tensile strain with nonuniform deformation in mined-out areas. Szojda and Kapusta
[15] evaluated step-like surface deformation impacts on building safety in mined-out areas.
Although these studies have innovated prediction methods, they lack comprehensive
evaluation systems. Conversely, the current research selects typical geological cases to
validate prediction universality, establishes ground-structure damage evaluation models and
forms a holistic assessment framework.

In terms of case analysis of deformation in mined-out areas, Wang et al. [16] simulated
high-rise building deformation in mined-out areas. Park et al. [17] proposed settlement
prediction methods in mined-out areas. Conversely, the current work builds a 3D model to
validate prediction applicability across geological conditions, extract mined-out area
deformation and building damage patterns and guide similar projects.

On the basis of railway-foundation interactions in mined-out areas, ABAQUS software
was used to build and model structure-foundation systems of railway stations. The
deformation evolution of mined-out areas was subsequently simulated under varying mining
heights. The residual deformation impacts on railway/building stability were analysed. The
subsidence and structural damage characteristics were explored, and common deformation
and damage patterns were identified. The findings of this research will provide the technical
support for railway construction and adjacent building reinforcement in mined-out areas.

3. METHODOLOGY

3.1 Engineering background

The Zhangcun Coal Mine in China plans to mine 2* coal and 2*-lower coal within the 4232
mining area. The mined-out area covers an area of 960 m x 840 m. Mining activities are
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projected to impact the Sha-Wu railway, affecting a railway segment approximately 1.58 km
in length. Within the mining influence zone, in addition to the railway line, Xiyangyuan
Station and its marshalling yard are located southeast of the line, with a straight-line distance
of approximately 50 m. The buildings of the station occupy an area of approximately 10,000
m?, featuring single-story brick-concrete construction. The relative positional relationship
between the railway line, Xiyangyuan Station and the mined-out areas are shown in Fig. 1.

Xinyangyuan
of

Figure 1: Spatial relationships amongst railways, buildings and mined-out areas.
3.2 Computational model

A nonlinear refined 3D numerical model of the track-subgrade-foundation system was
established on the basis of the design and geological reports of the Sha-Wu railway traversing
the mined-out areas of the Zhangcun Coal Mine, which is consistent with the actual high-
speed railway structure. The computational model comprises the track-fastening-sleeper-track
slab-subgrade upper layer-subgrade lower layer-subgrade-foundation in mined-out areas, with
dimensions of length x width x height = 1300 m x 1300 m x 700 m (Figs. 2 and 3).

Figure 2: Model of railway tracks and building structures: a) railway tracks, b) building structures.

The railway subgrade cross-section is trapezoidal, with a height of 3 m, top width of 14 m
and bottom width of 23 m. The longitudinal spacing between adjacent sleepers is 0.625 m.
The coal seam is buried at approximately 600 m depth, with a mined thickness of 3 m and a
mining area of 840 m x 960 m, utilising longwall caving mining methods. Xiyangyuan
Station is modelled as a frame structure with dimensions of length x width x height = 200 m
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x 50 m x 3 m. The entire model consists of 235,537 solid elements, 228,660 nodes and
685,980 degrees of freedom.

v"l\x

z

Figure 3: 3D computational model.

3.3 Calculation parameters

Parameters of the railway track system and catenary mast: Under the action of residual
deformation at mined-out area sites, the railway track system exhibits large deformation
behaviour, with a significant focus on the deformation characteristics and spatiotemporal
evolution laws of traffic infrastructure and building structures in mined-out areas.
Consequently, the track system adopts a linear elastic constitutive model; the calculation
parameters are listed in Table I [18]. The fastening system is simulated by spring elements.
The individual vertical stiffness is 1050 N/mm, and the vertical damping is 2.33 N-s/mm.

Table I: Parameters of the track system.

Name y (N/m’) | E (MPa) y é Rayleigh damping
« B
Rail 78.0 206.0 0.30 0.01 0.0818 0.0011
Tie plate 24.0 30.0 0.10 0.03 0.2454 0.0034
Track slab 24.0 35.5 0.10 0.03 0.2454 0.0034
CA mortar layer 18.0 0.10 0.40 0.05 0.4091 0.0057
Concrete support layer 24.0 30.0 0.10 0.03 0.2454 0.0034
Contact wire 26.0 35.0 0.1 0.03 0.2416 0.0033

Railway subgrade parameters: After the railway line started operation, under the
coupled effects of train loads and wet-dry cycling, the foundations of the mined-out areas
underwent further consolidation and gradual compaction. According to the China Code for
Design of High-speed Railways (TB 10621-2009), the upper layer-subgrade, lower layer-
subgrade and subgrade adopt the Mohr-Coulomb constitutive model. The physical-
mechanical parameters of the computational model are detailed in Table II.

Geotechnical parameters of the mined-out areas: The strata in the Zhangcun Coal
Mine primarily consist of Quaternary Holocene artificial fill and Quaternary Holocene
alluvial-deluvial layers, including silt, silty clay, medium sand and gravelly soil, underlain by
Triassic Lower Series sandstone and mudstone bedrock. The upper part of the mined-out area
features Quaternary Holocene alluvial-deluvial fine-grained soil layers. Silty clay, silt and
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medium sand dominate the 6—10 m depth range, followed by a gravelly soil layer. The
underlying bedrock comprises Triassic Lower Series sandstone and mudstone. The soil layers
in the mined-out area are categorised into 5 strata. The main physical-mechanical parameters
obtained from laboratory tests are presented in Table II1.

Table II: Parameters for the subgrade filling material.

y E c ) Rayleigh damping
(kKN/m¥) | (MPa) | " (kPa) | (° ¢ a 8
Upper layer-subgrade 19.5 1868.1 0.30 32.0 75.0 0.08 0.6545 | 0.0091
Lower layer-subgrade 19.0 777.9 0.31 26.0 25.0 0.07 0.5727 | 0.0079
Subgrade body 18.5 468.3 0.35 25.0 223 0.10 0.8181 | 0.0113

Name

Table III: Physical and mechanical parameters of the foundation.

Name y E ) c 0 ¢ Rayleigh damping
(kN/m?) (MPa) (kPa) ©) a B
Soil 1 19.5 1868.1 0.30 32 18.0 0.080 0.6545 | 0.0091
Soil 2 19.0 777.9 0.31 5.7 25.0 0.070 0.5727 | 0.0079
Soil 3 18.5 468.3 0.35 8.9 223 0.100 0.8181 | 0.0113
Soil 4 19.8 538.0 0.25 7.4 24.6 0.056 0.4745 | 0.0066
Soil 5 20.6 578.2 0.32 9.2 21.8 0.064 0.5326 | 0.0051
Coal 13.5 364.1 0.26 4.6 23.2 0.058 0.8181 | 0.0113

Interlayer contact simulation: When interlayer contact is set, the simple tie constraint is
commonly used [19]. However, this method is only suitable for tightly bonded interfaces and
often fails in cases where the material stiffness differs significantly or bonding is not
sufficiently tight.

The interlayer bonding configuration of ballastless track systems is particularly critical.
Under static conditions, concrete layers in ballastless tracks are tightly bonded with minimal
relative sliding, allowing friction effects to be neglected. The software-specific tie connection
ensures deformation compatibility between adjacent surfaces whilst allowing independent
rotational degrees of freedom at corresponding nodes, which are more physically accurate
than those of shared nodes. Conversely, the interface between the ballastless track support
layer/base plate and the subgrade surface is not tightly bonded. Under differential settlement,
debonding, sliding, void formation and similar phenomena may occur. Therefore, contact
settings are applied between these surfaces; in particular, normal contact is used with
ABAQUS hard contact (allowing normal force transmission only under compression to
prevent penetration), and tangential contact is used to combine Coulomb friction with elastic
slip deformation for numerical stability (Fig. 4). These configurations effectively simulate the
bonding state between ballastless track layers and accurately capture the propagation of
subgrade differential settlement to the track structure.

Under the residual deformation of mined-out areas, high-speed railway track slabs and
sleepers maintain consistent deformation because of their high structural integrity (Fig. 5).
However, significant differences may occur in the contact behaviour between the track slab
and subgrade. Therefore, surface-to-surface contact methods can accurately reflect potential
debonding or even void formation between the track system and subgrade, thus obtaining
more realistic track deformation characteristics.
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Figure 4: Contact of the foundation and supporting layers: a) normal contact, b) tangential contact.

a)

Figure 5: Section of track deformation caused by uneven foundation settlement: a) tied connection
without separation phenomenon, b) surface-to-surface contact with separation phenomenon.

4. RESULTS ANALYSIS AND DISCUSSION

4.1 Foundation deformation of high-speed railways crossing mined-out areas

The surface deformation characteristics significantly change with increasing advance length
of the coal mining face (Fig. 6). As the working face progressively advances from 200 to
800 m, the surface settlement deformation gradually increases, and the affected range of

surface subsidence continuously expands outward.
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Figure 6: Surface deformation of mined-out areas with advancing distances from the working face:
a) 200 m, b) 400 m, ¢) 600 m, d) 800 m.

c)

For the 200 m advance stage, surface deformation is concentrated near the working face,
with relatively small settlement. The maximum deformation reaches approximately 0.90 m,
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demonstrating localised deformation effects. For the 400 m advance stage, the subsidence
deformation zone gradually extends in the direction of Xiyangyuan Station, with the
maximum displacement increasing to approximately 1.65 m. The influence of coal mining on
surface stress and deformation intensifies progressively. For the 800 m advance stage, the
mining of coal seams underlying Xiyangyuan Station and high-speed railway lines is
completed. As shown in Fig. 6 d, an elliptical subsidence basin forms directly above the
mined-out area. Portions of the railway line and the northeastern corner of the station coincide
with the centre of the subsidence basin, experiencing a maximum settlement of 2.77 m.

This evolution pattern indicates that the cumulative mining-induced deformation
progressively impacts the stability of the railway infrastructure and adjacent station structures.
The critical zones of maximum deformation aligning with key engineering facilities. The
spatiotemporal progression of subsidence highlights the necessity of targeted reinforcement
measures for high-risk zones identified via numerical simulation.

The magnitude and evolutionary trends of surface subsidence deformation significantly
intensify with increasing coal mining height (Fig. 7). At a mining height of 3 m, surface
deformation is relatively moderate. The maximum settlement is approximately 1.7 m, with a
relatively gentle deformation curve. When the mining height increases to 4 m, the
deformation magnitude increases, reaching a maximum settlement of 1.9 m. Further
increasing the mining height to 5 m results in continued amplification of deformation, and the
maximum settlement exceeds 2.2 m. The deformation curve becomes steeper, and surface
settlement/tilt effects are markedly aggravated.
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Figure: 7 Surface deformation characteristics at different mining heights.

The increase in coal seam mining height substantially expands the magnitude and spatial
extent of surface settlement, thereby imposing greater risks to the stability of surface
structures and transportation infrastructure. This quantitative relationship underscores the
critical need for height-specific reinforcement strategies in mining-affected areas to mitigate
adverse impacts on engineering facilities.

4.2 Deformation characteristics of railway-building structures in mined-out areas

The railway and building structures within mined-out areas exhibit nonuniform settlement
deformation under varying mining heights (Fig. 8). The deformation patterns show similar
trends but with increasing magnitude as the mining height increases.
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Figure 8: Deformation of the subgrade track slab at different mining heights: a) 3 m, b) 4 m, ¢) 5 m.

204

The subgrade, track slab and steel rail layers demonstrate coordinated yet distinct
deformation behaviours. Given the significant stiffness differences between these structural
layers and nontight interlayer connections, differential settlement is amplified during upward
propagation from the subgrade to the track system. In the subsidence centre of the mined-out
area, pronounced debonding or void formation occurs between the subgrade, track slab and
steel rail. This phenomenon leaves the upper track structure in a suspended state, eliminating
subgrade support and intensifying vibration under dynamic train loads.

The catenary mast, as a critical structure supporting the catenary wires, directly influences
the mechanical strength and electrical performance of the catenary system, thereby affecting
the safe, stable and efficient operation of high-speed railways. With the goal of ensuring the
positioning accuracy and dynamic stability of catenary cantilevers, the China Code for the
Design of Railway Electric Traction Power Supply stipulates stricter inclination control for
high-speed railway catenary masts than for conventional masts (<2 %). The maximum
allowable inclination rate is 0.5 % of the vertical height of the mast.

The inclination deformation of high-speed railway catenary masts gradually intensifies
with the advance of the working face (Fig. 9). The inclination rate is positively correlated
with the mining height. For the initial mining stage (<350 m advance), the inclination rate
increases slowly with minimal deformation. For the critical transition zone (50 m from the
railway line), when the working face advances to approximately 50 m from the high-speed
railway line, the inclination rate exceeds the code-specified limit of 0.5 %. For the advanced
mining stage, the inclination rate increases sharply beyond this point. When the mast is
located at the subsidence centre of the mined-out areas, the deformation stabilises at 1 %.
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Figure 9: Variation curves of the inclination rate of the catenary mast along the working face.
4.3 Mechanical and deformation characteristics of buildings in mined-out areas

The impact of residual deformation in mined-out areas on building stability was investigated
in this research. In particular, three mining height scenarios (3, 4 and 5 m) were analysed to
compare the mechanical and deformation characteristics of the building structures. The force
distribution characteristics under different mining heights are illustrated in Fig. 10.
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Figure 10: Stress analysis of buildings at different mining heights: a) 3 m, b) 4 m, ¢) 5 m.

For the 3 m mining height, the structural forces are relatively low and uniformly
distributed, with minimal stress concentration. For the 4 m mining height, the stress at the
beam ends and column tops increases significantly, with initial manifestations of stress
concentration. For the 5 m mining height, the high-stress zones expand further, particularly at
the column bases and perimeter beams, with a marked escalation in structural safety risk. The
results show that increasing the coal seam mining height can intensify the redistribution of
internal forces within the surface structure and the concentration of local stress, which is one
of the key factors affecting the safety of surface buildings.

The buildings within the subsidence zone exhibit pronounced overall deformation and
uneven settlement characteristics under mining-induced influences (Fig. 11). The deformation
amplitude increases significantly with increasing seam mining height. Although independent
foundation systems partially mitigate deformation damage to superstructures caused by
uneven surface settlement, under larger mining height conditions, the following scenarios are
observed: a marked increase in the overall displacement of surface buildings and expanding
settlement differentials between foundations expand and intensify the tendency of tilting
buildings. These scenarios reduce deformation compatibility at frame beam-column joints.
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Figure 11: Deformation analysis of buildings at different mining heights: a) 3 m, b) 4 m, ¢) 5 m.

In addition, the overall deformation of buildings in mined-out areas is predominantly
vertical, accompanied by a certain degree of overall inclination. The deformation patterns of
surface structures along the direction of coal seam mining influence vary with different
mining heights. The buildings at the subsidence centre exhibit significantly greater
deformation than those at the subsidence edge (Fig. 12).
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Figure 12: Deformation of buildings along the mining direction at different mining heights.

Taking a 4 m mining height as an example, the maximum subsidence at the subsidence
centre reaches approximately 208.2 cm. As the distance from the subsidence centre increases,
subsidence gradually decreases. The rate initially decreases slowly and then accelerates. At
200 m from the subsidence centre, subsidence decreases to approximately 175 cm. When the
coal seam mining height increases from 3 to 5 m, the maximum subsidence of surface
buildings increases by approximately 6.4 cm.
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S. CONCLUSIONS

Taking the Shawu railway crossing the mined-out areas in the Zhangcun Coal Mine as the
research object, a 3D numerical model of the railway crossing the mined-out areas was
developed via ABAQUS. The model simulated the advancing process of longwall caving
faces under different coal mining heights, investigated ground movement and surface
deformation patterns in mined-out areas and analysed the deformation mechanisms of railway
lines and building structures under residual deformation in mined-out areas. The main
conclusions are as follows:

(1) The ABAQUS/Explicit solver was employed to address the limitations of conventional
static mining simulations. The model revealed the critical role of interlayer contact behaviour
in damage evolution and deformation prediction within track systems, providing theoretical
support for accurate assessment of residual deformation impacts.

(2) During uneven foundation settlement propagation from the subgrade to track systems
in mined-out areas, significant debonding/void phenomena emerge in certain areas of
structural layers and are particularly pronounced at the subsidence centre between the
subgrade, track slab and rail.

(3) The deformation of the structures at the subsidence centre is significantly greater than
that at the subsidence edge. Additionally, the structural stress levels increase markedly with
increasing mining height. The stress concentration is primarily at the beam-column joints and
column bases.

The developed model effectively reproduces the mechanical response, deformation
characteristics and damage evolution of structures during coal mining, providing a reliable
analytical tool for studying deformation resistance under residual deformation in mined-out
areas. Future work will incorporate foundation activation of the mined-out areas, groundwater
level changes and other relevant variables to enhance practical applicability. The ultimate goal
1s to provide a reference for improving the safety of structures in mined-out areas.

ACKNOWLEDGEMENT

This work was financially supported by the Science and Technology Development Project of China
Railway Design Corporation (2025B0348009), the Henan Province Key Science and Technology
Research Project (252102320036; 252102321012), and the Key Scientific Research Project of
Colleges and Universities in Henan Province (25B440006), China.

REFERENCES

[1] Vervoort, A. (2025). Additional surface movements above coal longwalls in the post-mining
phase: case study based on remote sensing satellite data, Geomechanics and Geophysics for Geo-
Energy and Geo-Resources, Vol. 11, No. 1, Paper 106, 18 pages, doi:10.1007/s40948-025-
01038-x

[2] Strzalkowski, P. (2025). Resource management in conditions of occurrence of linear
discontinuous deformations, Gospodarka Surowcami Mineralnymi — Mineral Resources
Management, Vol. 41, No. 1, 163-179, doi:10.24425/gsm.2025.153168

[3] Jirankova, E.; Konicek, P. (2022). Ground surface uplift during hardcoal longwall mining,
International Journal of Rock Mechanics and Mining Sciences, Vol. 153, Paper 105099, 12 pages,
doi:10.1016/1.ijrmms.2022.105099

[4] Wang, S. R.; Shi, K. P.; Chen, Y. B.; Zhang, J. Y.; Li, C. L. (2023). Analysis on strength
characteristics and energy dissipation of improved-subgrade soil of high-speed railway above
mined-out areas, Technical Gazette, Vol. 30, No. 1, 256-264, doi:10.17559/TV-20220502051049

[5] Chen, Y. B.; Zhang, S.; Wang, S. R.; Cao, Y. X.; Lutynski, M. (2025). Simulation analysis of
creep evolution process in soft-hard composite coal seams, International Journal of Simulation
Modelling, Vol. 24, No. 3, 485-496, doi:10.2507/1JSIMM?24-3-736

439


https://doi.org/10.1007/s40948-025-01038-x
https://doi.org/10.1007/s40948-025-01038-x
https://doi.org/10.24425/gsm.2025.153168
https://doi.org/10.1016/j.ijrmms.2022.105099
https://doi.org/10.17559/TV-20220502051049
https://doi.org/10.2507/IJSIMM24-3-736

Shi, Chen, Liao, Su: Simulation Analysis of the Deformation of Railways and Buildings in ...

[6] Sun, H.L.; Hu, Q. B.; Yan, D. (2022). Research on the engineering investigation and influence of
kilometer buried goaf adjacent to high-speed railway, Journal of Railway Engineering Society,
Vol. 39, No. 12, 11-16, doi:10.3969/j.issn.1006-2106.2022.12.003

[7]1 Shi, K. P.; Wang, S. R.; Ma, W. B.; Chen, W. X.; Rabe, M. (2024). Dynamic response
characteristics of foundation of mined-out areas under high-speed railway load, Acta
Montanistica Slovaca, Vol. 29, No. 1, 26-38, doi1:10.46544/AMS.v2911.03

[8] Anantrasirichai, N.; Biggs, J.; Kelevitz, K.; Sadeghi, Z.; Wright, T.; Thompson, J.; Achim, A. M.;
Bull, D. (2021). Detecting ground deformation in the built environment using sparse satellite
InSAR data with a convolutional neural network, IEEE Transactions on Geoscience and Remote
Sensing, Vol. 59, No. 4, 2940-2950, doi:10.1109/TGRS.2020.3018315

[9] An, C.J.; Long, J. H.,; Hu, H. F.; Li, X. P.; Li, M. P.; Li, J. (2024). Study on influence of coal
mining under ancient building on deformation disturbance of overlying accumulation layer on
slope, Coal Science and Technology, Vol. 52, No. 10, 169-180, doi:10.12438/cst.2023-1395

[10] Kapusta, L.; Szojda, L. (2025). Analysis of the deformation of traditional multi-storey residential
building caused by the curvature of the terrain — case of study, Archives of Mining Sciences, Vol.
70, No. 1, 85-100, doi:10.24425/ams.2025.154164

[11] Sidki-Rius, N.; Bascompta, M.; Sanmiquel, L.; Yubero, M. T. (2024). Definition of characteristic
subsidence parameters. a case study in the Catalan potassium basin, Environmental Earth
Sciences, Vol. 83, No. 19, Paper 566, 16 pages, doi:10.1007/s12665-024-11849-y

[12] Rusek, J.; Alibrandi, U.; Stowik, L.; Chomacki, L. (2023). BNSL GOBNILP algorithm in
application to damage intensity prognostic system to RC multistorey residential buildings
subjected to negative impacts of the industrial environment of mines, Journal of Building
Engineering, Vol. 80, Paper 107885, 20 pages, doi:10.1016/j.jobe.2023.107885

[13] Alaee, N. H.; Mozafari, A.; Mirzace, M.; Faghihi, A.; Tolouei, K. (2019). Fuzzy evaluation
method for the identification of subsidence susceptibility in an underground mine (case study in
Tabas coal mine of Iran), Natural Hazards, Vol. 99, No. 2, 797-806, doi:10.1007/s11069-019-
03774-2

[14] Strzatkowski, P. (2019). Some remarks on impact of mining based on an example of building
deformation and damage caused by mining in conditions of Upper Silesian coal basin, Pure and
Applied Geophysics, Vol. 176, No. 6, 2595-2605, doi:10.1007/s00024-019-02127-1

[15] Szojda, L.; Kapusta, L. (2023). Numerical analysis of buildings located on the edge of the post-
mining basin, Archives of Mining Sciences, Vol. 68, No. 1, 125-140, doi:10.24425/
ams.2023.144321

[16] Wang, Y.; Li, W. Q.; Mu, L.; Sun, H. W.; Wang, X. (2024). Design method and application case
of deformation resistance for high-rise buildings in goaf affected area, Building Structure, Vol.
54, No. 10, 128-133, doi:10.19701/1.jzjg.20220492

[17] Park, H.-B.; Moon, S.-W.; Ju, S.; Lee, J.; Seo, Y.-S. (2024). Survey and numerical analysis cases
of ground subsidence by mine goaf, The Journal of Engineering Geology, Vol. 34, No. 1, 1-12,
doi:10.9720/kseg.2024.1.001

[18] Wang, S. R.; Shi, K. P.; Zou, Y. F.; Zou, Z. S.; Wojciechowski, A. (2021). Coupling deformation
between non-uniform settlement of track-structure and subgrade of high-speed railway above the
mined-out areas, Acta Montanistica Slovaca, Vol. 26, No. 4, 620-633, doi:10.46544/
AMS.v26i4.03

[19] Hao, L.; Wang, L.; Li, H. P.; Liu, P. P. (2024). Simulation inspection technology for surface
characteristics of high-quality strips, International Journal of Simulation Modelling, Vol. 23, No.
3, 459-470, doi:10.2507/1JSIMM23-3-693

440


https://doi.org/10.3969/j.issn.1006-2106.2022.12.003
https://doi.org/10.46544/AMS.v29i1.03
https://doi.org/10.1109/TGRS.2020.3018315
https://doi.org/10.12438/cst.2023-1395
https://doi.org/10.24425/ams.2025.154164
https://doi.org/10.1007/s12665-024-11849-y
https://doi.org/10.1016/j.jobe.2023.107885
https://doi.org/10.1007/s11069-019-03774-2
https://doi.org/10.1007/s11069-019-03774-2
https://doi.org/10.1007/s00024-019-02127-1
https://doi.org/10.24425/ams.2023.144321
https://doi.org/10.24425/ams.2023.144321
https://doi.org/10.19701/j.jzjg.20220492
https://doi.org/10.9720/kseg.2024.1.001
https://doi.org/10.46544/AMS.v26i4.03
https://doi.org/10.46544/AMS.v26i4.03
https://webofscience.clarivate.cn/wos/author/record/62860659
https://webofscience.clarivate.cn/wos/author/record/62930327
https://webofscience.clarivate.cn/wos/author/record/62904040
https://webofscience.clarivate.cn/wos/author/record/62780059
https://doi.org/10.2507/IJSIMM23-3-693

