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Abstract : The continuous goaf area formed by coal resource mining is too large, which makes the
roof movement characteristics of goaf become extremely complex. Based on the engineering
background of 3104,3106 and 3107 working faces in Menkeqing Coal Mine, this paper studies the
roof activity and surface subsidence of large goaf. In this study, microseismic monitoring, 3DEC
numerical simulation and field measurement methods were used to analyze the overburden
movement and surface subsidence of large goaf. The results show that with the advance of mining
in 3107 working face, the microseismic event intensive area gradually develops from 17.35 m to
high rock strata, and finally reaches 48.05 m. 3104 goaf roof caving zone, fractured zone height ;
the position of the maximum settlement value is shifted from the middle of the 3107 goaf'to the side
of the 3104 goaf, and finally tends to be gentle in the middle of the 3106 goaf, and the position of
the maximum settlement value of the strike side line gradually shifts to the side of the 2201 goaf.
The research results can provide reference for the safe and efficient mining of coal resources and
have important engineering practical significance.
Keywords : coal resources ; large mined-out area ; microseism ; overburden strata ; ground surface
subsidence ; secondary activation
1. Introduction

As a crucial energy resource in China, coal plays a fundamental role in the nation's energy
infrastructure. The extensive mining activities have led to widespread coal mining subsidence areas
across the country’¥) | which are frequently associated with surface collapse ) | ground fissures(®
and soil degradation”) . To address the challenges of resource extraction, the continuous small pillar
mining method has been developed, which significantly enhances the recovery rate of coal resources,
reduces the per-ton cost of coal extraction, extends the operational lifespan of mines, and mitigates
the risk of mine pressure-related incidents® ¥). Nonetheless, this method results in the formation of
extensive continuous goaf areas, complicating the movement characteristics of the roof strata within
these zones!!”. In response to these challenges, Mu Zonglong et al. /) used theoretical analysis,
UDEC numerical simulation and industrial experiments to study the dynamic behavior of heavy
layers and the mechanism of mining-induced earthquake-triggered surface damage. Gao Fuqaing et
al. 2 used both the physical model and the numerical model successfully captured weighting as the
longwall face advances. It is found that the periodic weighting not only involves the local direct
roof and main roof of the cantilever beam behind the longwall working face, but also may involve
the fracture of the rock bridge in the overburden above the fault zone. Hu Qingfeng et al.
(established the subsidence coefficient model of overlying strata, and proposed a dynamic

prediction model for predicting the movement and deformation of overburden caused by mining,
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which can realize the dynamic quantitative prediction of overburden behavior. Tajdus Krzysztof !4

studied the settlement measured after the end of mining. The analysis shows that this process can
last for months to decades or even hundreds of years, and the final surface settlement is still unclear.
It depends on the individual characteristics of the mining medium, mining depth, mining system,
the behavior of the surrounding rock and so on. Based on Volasov thick plate and moment tensor
inversion theory, Zhang et al. *analyzed the fracture migration characteristics of hard rock and
thick rock and the focal mechanism of mining-induced earthquakes. By analyzing the focal
mechanism of mining-induced earthquakes, it has a certain guiding role in explaining the
mechanism of mining-induced earthquakes.

In summary, current research on roof movement patterns and surface subsidence characteristics
in large-scale mining areas under continuous small coal pillar conditions remains limited. Previous
studies mainly focused on the movement of overlying strata in overlying strata structure, the
research on the movement law of overlying strata in large goaf is limited, especially from the
perspective of 3DEC numerical simulation. To address this research gap, this study focuses on the
11-3 104, 11-3 106, and 11-3 107 working faces of the Menkeqing Mine as a case study. Utilizing
field microseismic monitoring data and surface subsidence measurements, combined with 3DEC
numerical simulation technology, this paper systematically investigates the roof movement
mechanisms and surface subsidence behavior in large-scale goaf areas under continuous small coal
pillar mining conditions. The findings of this research are expected to provide valuable theoretical
insights for roof management strategies in extensive goaf areas under similar mining conditions.

2. Engineering Geology Overview

The Menkeqing Coal Mine, a primary production site of Zhongtian Hechuang Energy Co., Ltd.,
boasts a designed annual production capacity of 8 million tons. The current focus of extraction is
the No. 3-1 coal seam, which is situated at an average depth of 685 meters with a dip angle ranging
from 1 to 3 degrees. This seam has an average thickness of 4.41 meters and is overlain by a 5.26-
meter-thick siltstone layer serving as the immediate roof. The main roof, located at a distance of
5.26 to 72.76 meters above the No. 3-1 seam, predominantly consists of medium-grained sandstone.
Currently, the mine is operating the 3-107 fully mechanized longwall face. Notably, the 3-106
working face (previously mined) and the 3-107 working face are positioned on either side of the 3-
104 working face (also previously mined). Each of these working faces utilizes a narrow coal pillar
(6 meters in width) for the layout of the gate roads in the mining system. With the rapid advancement
of high-intensity, large-scale mining operations, the area of the mining zone has expanded
significantly. The 3-107 mining area has merged with the previously developed 3-104 and 3-106
mining areas, forming an extensive mining zone approximately 1,000 meters in width and 3,000
meters in length (hereafter referred to as the large-scale mining area). The specific engineering
layout is illustrated in Figure 1.
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Fig.1 Engineering plane diagram
3. Characteristics of Microseismic Activity in Large-Scale Goaf Areas under Continuous
Small Coal Pillar Mining Conditions

Microseismic monitoring technology represents a sophisticated approach for assessing rock
mass stability through the detection and analysis of micro-vibration signals generated during stress-
induced deformation and fracturing of rock formations or subsurface structures!5’®). By
systematically analyzing the spatial and temporal distribution, energy release patterns, and
frequency characteristics of mining-induced seismic events, this method enables the comprehensive
evaluation of structural damage mechanisms in overlying rock strata resulting from mining activities.
3.1 Temporal-Spatial Evolution Characteristics of Roof Activity during Working Face
Advancement

Based on the spatial distribution and energy magnitude analysis of microseismic events, we
systematically investigated the overburden rock response above the 3-104 and 3-106 working faces
during the advancement of the 3-107 face. For this analysis, microseismic events occurring within
2,100 meters of the 3-107 face advancement were selected and spatially projected, as illustrated in
Figure 2.

According to A. J. Mendecki, the energy classification standard of mining microseismic is
proposed for the first time. 10°J < E < 102 J is called low energy microseismic event, 10>°] < E
< 10* J is called medium energy microseismic event, and E = 10° J is called high energy
microseismic event. According to the actual situation of Menkeqing, the deformation degree of
roadway and roof in 10° J] < E < 10* J microseismic event area is small, 10* ] < E <10’ Jis
larger, and the deformation is the largest when E = 10° J.Therefore, E = 103 J is called high
energy microseismic event, 10* J << E < 10° J is called medium and high energy microseismic
event, and 10°J < E < 10*J is called small energy microseismic event.



(a) 3107 working face advancing to 500 m
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(¢) 3107 working face advancing to 2100 m

Fig.2 Plane diagram of microseismic event distribution in large goaf
As illustrated in Figure 2(a), the analysis reveals distinct patterns of microseismic activity
across the study area. High-energy microseismic events (E > 10° J) were recorded twice in the
overburden strata above the 3-107 working face and three times at the junction between the 3-107
and 3-104 working faces. Notably, no high-energy events were detected in the overburden above
the 3-106 working face. Medium-energy events (10* J <E < 103 J) were predominantly concentrated

in the overburden above the 3-107 working face. Low-energy microseismic activity (10°J<E < 10*
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J) was primarily observed in the overburden above the 3-104 working face, while the 3-106 working
face exhibited minimal microseismic activity. These observations demonstrate that when the 3-107
working face had advanced 500 meters, its mining operations exerted negligible influence on the
overburden strata above the 3-106 working face. Furthermore, the impact on the overburden above
the 3-104 working face was limited to the generation of a small number of low-energy microseismic
events.

As demonstrated in Figure 2(b), the microseismic activity distribution reveals significant
spatial variations. High-energy microseismic events (E > 10° J) were recorded twice in the
overburden strata above the 3-107 working face and once at the interface between the 3-107 and 3-
104 working faces. Medium-energy events (10* J < E < 10° J) were predominantly concentrated in
the overburden above the 3-107 working face, while the overburden above the 3-106 working face
exhibited minimal medium-energy activity. Low-energy microseismic events (10° J < E < 10* J)
were primarily distributed in the overburden above the 3-104 working face, with a minor portion
occurring above the 3-106 working face. When the 3-107 working face had advanced to 1,000 meters,
the frequency of medium- and low-energy microseismic events in the overburden above the 3-104
working face showed a gradual increase. Concurrently, a limited number of low-energy
microseismic events began to emerge in the overburden above the 3-106 working face, indicating
an extended influence range of mining activities.

As evidenced in Figure 2(c), the distribution of microseismic activity demonstrates distinct
spatial patterns. Medium- to high-energy microseismic events (10* J < E < 10° J) were
predominantly concentrated in the overburden strata above the 3-107 working face, with a limited
number occurring above the 3-104 working face. Notably, two medium- to high-energy events were
also detected in the overburden above the 3-106 working face. Low-energy microseismic events
(10° J < E < 10* J) were primarily observed in the overburden above the 3-104 working face.
Comparative analysis reveals a progressive increase in the frequency of medium- and low-energy
microseismic events in the overburden above the 3-104 working face compared to previous mining
stages. Additionally, a more pronounced occurrence of low-energy events was observed in the
overburden above the 3-106 working face. These phenomena can be attributed to the expanding
mining scope and intensifying extraction activities at the 3-107 working face. The implementation
of continuous small pillar mining significantly influences roof strata movement within the large
goaf area, consequently inducing varying magnitudes of microseismic activity in the overburden of
adjacent workings.

In summary, the roof strata movement in the goaf area during the initial mining stage of the 3-
107 working face exhibited minimal influence on adjacent workings. However, as the mining face
advanced and approached completion, the roof movement in the goaf area progressively impacted
neighboring workings, leading to additional damage to the overlying strata above adjacent faces.
Notably, the rock strata above the 3-106 working face remained relatively unaffected throughout the
mining process.

3.2 Vertical Displacement Characteristics of Roof Strata in Mining-Induced Goaf Areas

Based on the spatial distribution and energy magnitude of microseismic events, we
systematically investigated the impacts on overlying strata above the 3-104 and 3-106 working faces
during the advancement of the 3-107 face. Microseismic events occurring within a 2,100-meter
range of the 3-107 face advancement were selected and projected along the mining direction, as
illustrated in Figure 3.
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Fig.3 Distribution profile of microseismic events in large goaf

As illustrated in Figure 3(a), microseismic events are predominantly concentrated in the lower
strata of the roof rock layers. The majority of these events are distributed within the siltstone layer
(0-3.3 m above the coal seam) and fine-grained sandstone layer (3.3-17.35 m above the coal seam).
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A limited number of medium- to high-energy events are observed in the medium-grained sandstone
layer at approximately 46.75 m above the coal seam. Figure 3(b) demonstrates that microseismic
activity extends to both middle and lower roof strata. Low-energy events are primarily distributed
within three distinct layers: the siltstone (0-3.3 m), fine-grained sandstone (3.3-17.35 m), and upper
siltstone (17.35-29.35 m) above the coal seam. Medium- to high-energy events are mainly
concentrated in the fine-grained sandstone layer (3.3-17.35 m above the coal seam). As shown in
Figure 3(c), the microseismic event distribution shifts towards middle and upper roof strata. Low-
energy events predominantly occur in the fine-grained sandstone and siltstone layers within 3.3-
17.35 m above the coal seam, while medium- to high-energy events are primarily located in the
fine-grained sandstone, coarse-grained sandstone, and medium-grained sandstone layers up to 44.59
m above the coal seam.

In summary, the evolutionary pattern of microseismic events demonstrates a distinct vertical
progression. Initially, microseismic activity is predominantly concentrated in the lower strata,
specifically within the siltstone and fine-grained sandstone layers located 0-17.35 meters above the
roof of the 3-1 coal seam. As the 3-107 working face advances, the distribution of microseismic
events evolves through three distinct phases:

Initial Stage: Microseismic events are primarily concentrated in the lower strata (0-17.35 m),
particularly within the siltstone (0-3.3 m) and fine-grained sandstone (3.3-17.35 m) layers.

Intermediate Stage: During the mid-mining phase of the 3-107 working face, the
microseismic activity zone extends upward to the siltstone layer at 17.35-29.35 meters above the
coal seam.

Final Stage: At the completion of the 3-107 mining operations, the microseismic event
concentration area further migrates to the coarse-grained sandstone layer at 29.35-48.05 meters
above the coal seam.

4. Numerical analysis of subsidence in continuous small coal pillar mining in large open area
4.1 Numerical modeling

To investigate the development of rock fracturing and subsidence characteristics in the large-
scale mining area, a comprehensive numerical simulation was conducted using 3DEC software. The
model was designed to analyze overburden movement and surface subsidence patterns. The
simulation incorporated three working faces (3-104, 3-106, and 3-107), each with a length of 320
meters. The study focused on roof collapse mechanisms in the 3-107 working face and adjacent
mining areas during three distinct advancement stages: 500 meters, 1,000 meters, and 2,100 meters
from the initial cut. The model configuration included 50-meter protective coal pillars on both the
starting and stopping sides of the 3-107 working face. The final model dimensions were established
as X XY x Z=1,100 m x 3,000 m x 167.5 m, where the X-axis represents the working face
advancement direction and the Y-axis corresponds to the face inclination direction. For mesh
generation, the model employed variable block sizes to optimize computational efficiency and
accuracy: Upper rock layers: 40m x 10 m x 20 m; Lower rock layers: 40 m x 10 m x 35 m;
Intermediate rock layers: 5 m x 10 m x 5 m . This refined mesh configuration allows for detailed
analysis of stress distribution and deformation patterns throughout the overburden strata.

The numerical model was subjected to an equivalent vertical stress of 16.5 MPa at its upper
boundary to simulate overburden pressure. The lateral pressure coefficient was set to 1.0, and
gravitational acceleration was defined as 9.8 m/s%.. Boundary conditions were implemented as
follows: horizontal displacements were constrained at the front and back boundaries, while both
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horizontal and vertical displacements were fixed at the lower boundary. The constitutive behavior
of the rock mass was simulated using the Mohr-Coulomb failure criterion. The geomechanical
properties of coal and rock strata, including density, elastic modulus, Poisson's ratio, cohesion, and

internal friction angle, are detailed in Table 1.
Table 1 Physical and mechanical parameters of model formation lithology

stratigraphic bulk shear density friction / cohesion tensile strength
lithology /GPa /GPa / (kg'm™) ) /MPa /MPa
siltstone 11.0 8.0 2050 32.0 7.0 3.6
coal 2.0 1.5 1300 19.4 3.0 12
fine sandstone 16.0 14.0 2200 332 6.0 3.1
medium sandstone 8.0 7.0 2100 30.0 6.3 3.2

4.2 Numerical simulation study and analysis of mining subsidence

The roof failure patterns were analyzed at three distinct advancement stages of the 3-107
working face: 500 meters, 1,000 meters, and 2,100 meters. Due to the minimal roof movement
observed in the 3-106 mining area, the simulation results focus on the roof failure characteristics in
the 3-104 and 3-107 mining areas. The corresponding roof breakage patterns are illustrated in
Figures 4, 5, and 6, respectively.
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(b) 3 104 working face
Fig.4 The shape of roof overburden in different working faces when 3107 advances 500 m.
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Fig. 5 3107 Roof overburden morphology of different working faces when advancing 1 000 m.
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Figure 6 3107 When advancing 2 100 m, the roof overburden morphology of different working faces is

different.

Figure 4(a) illustrates the initial roof failure characteristics when the 3-107 working face has
advanced 500 meters. The immediate roof above the 3-107 coal seam has collapsed, while the main
roof remains intact, forming a voussoir beam structure. Partial fracturing is observed in the main
roof at the junction between the 3-107 and 3-104 working faces. Figure 4(b) demonstrates that the
collapsed zone above the 3-104 working face extends approximately 20 meters vertically. As shown
in Figure 5(a), when the 3-107 working face reaches 1,000 meters of advancement, the main roof
above the 3-107 coal seam maintains its structural integrity, and no additional damage is observed
at the junction between the 3-107 and 3-104 working faces. Figure 5(b) reveals that the collapse
height above the 3-104 working face has increased to approximately 25 meters. Figure 6(a) presents
the roof conditions when the 3-107 working face has advanced 2,100 meters. The main roof above
the 3-107 coal seam exhibits partial collapse, although the voussoir beam structure persists.
Significant fracturing occurs in the main roof at the junction between the 3-107 and 3-104 working
faces, with delamination cracks developing in the medium-grained sandstone layer. Figure 6(b)
shows that the collapse height above the 3-104 working face has extended to approximately 49
meters, with multiple delamination cracks observed in the central portion of the medium-grained
sandstone layer, indicating an expansion of the fractured zone. In the characteristics of microseismic
activity, when 3107 is mined to 2100 m, the medium and high energy microseismic events are
concentrated in the range of 44.59 m above the coal seam. The numerical simulation results are
almost consistent with the actual microseismic monitoring results, and the conclusion is credible.

In summary, the progressive advancement of the 3-107 working face significantly influences
the overlying strata dynamics. The rock strata above the 3-104 working face exhibit increasing
damage intensity, manifested through three primary aspects:

1. Progressive elevation of roof collapse height in the 3-104 area;

2. Multiplication of delamination fractures within the large-scale goaf area

3. Vertical expansion of the fractured zone
5. Observations of surface settlement in large mining areas

The extensive extraction of coal resources from underground deposits has led to increasingly
significant challenges associated with surface subsidence and mining-induced damage. Mining
subsidence not only disrupts the ecological balance of mining areas but also causes substantial

10



damage to surface structures and infrastructure % )

. To mitigate these impacts, it is essential to
develop protective measures for surface structures, minimizing their exposure to mining-related
damage while simultaneously optimizing underground coal resource recover @’ 22 . These
objectives necessitate comprehensive research into the patterns and mechanisms of surface
movement and deformation resulting from underground mining activities.
5.1 Layout of survey lines and time of testing

To investigate surface subsidence patterns in large-scale goaf areas under continuous small
coal pillar mining conditions, a comprehensive monitoring network was established. The network
consists of two strike-oriented monitoring lines (Line A and Line E) and two dip-oriented
monitoring lines (Line C and Line D), as illustrated in Figure 8. The dip-oriented monitoring lines
(C and D) span approximately 1,500 meters with an inter-line spacing of 300 meters. These lines
originate from the centerline of the 3-106 working face, extending northward to cover an additional
550 meters beyond the 3-107 working face boundary. The strike-oriented Line E follows the
centerline of the 3-104 working face, extending 550 meters in length. Its western starting point is
positioned 150 meters west of Line C, while its eastern terminus lies 100 meters east of Line D.
Line A, another strike-oriented monitoring line, is aligned with the centerline of the 3-107 working
face. This 700-meter-long line begins 200 meters west of Line C and terminates approximately 200
meters east of Line D. The monitoring points along each survey line were strategically positioned
at 25-35 meter intervals, determined by surface conditions, resulting in a total of 168 monitoring
stations across the network.

The monitoring program was conducted over a nine-month period from October 20, 2023, to
July 20, 2024, during which 23 comprehensive monitoring sessions were completed. Table 2
presents the detailed temporal correspondence between each monitoring session and the
advancement progress of the 3-107 working face, providing a chronological framework for

analyzing surface subsidence development in relation to mining activities.
Table 2 Subsidence detection time and working face advancing distance

Frequency of Propulsion Frequency of Propulsion
Monitoring time Monitoring time
monitoring distance monitoring distance
1 2023.10.20 579.4m 13 2024.03.28 1417.4m
2 2023.11.08 708.9 m 14 2 024.04.04 1458.6 m
3 2023.11.23 762.5m 15 2024.04.15 1511.0m
4 2023.12.15 819.1 m 16 2 024.04.24 1563.8 m
5 2023.12.22 853.5m 17 2 024.04.30 1592.6 m
6 2023.12.29 873.0m 18 2024.05.07 1637.4m
7 2024.01.15 965.2 m 19 2 024.05.23 1782.6 m
8 2024.01.31 1074.6 m 20 2 024.06.05 1823.8m
9 2024.02.27 1230.6 m 21 2 024.06.20 18529 m
10 2 024.03.05 12752 m 22 2 024.07.10 1973.4m
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11 2024.03.14 1329.8 m 23 2024.07.20 2087.0 m
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5.2 11-3 107 Workings Mining Surface Subsidence Patterns

The monitoring results revealed surface rock movement patterns in the large mining area
influenced by the 3-107 working face. Figure 8 illustrates the dynamic evolution of topographic
relief, while Figure 9 quantifies relative displacement changes. Specifically:

1. Figure 8(a) displays the initial topographic relief derived from the first monitoring dataset;

2. Figures 8(b1-b22) sequentially document elevation variations from the second to twenty-
third measurements, calculated relative to the baseline;

3. Figure 8(c) presents the final relief configuration based on the twenty-third (terminal)
monitoring dataset.

The three-dimensional model in Figure 8 was delineated by survey lines A, C, D, and E,
forming a rectangular boundary that encompasses the critical deformation zone.

Figure 8 provides a comprehensive visualization of surface subsidence patterns in the large-
scale goaf area during the mining of the 3-107 working face. The analysis reveals several key
observations:

1.Temporal Evolution of Subsidence:

From October 20, 2023 (advancement: 579.4 m) to July 20, 2024 (advancement: 2,087.0 m);
Progressive expansion of the surface subsidence basin;Continuous increase in maximum subsidence
values.

2. Spatial Distribution Characteristics:

The point of maximum subsidence gradually migrates toward the goaf area; Subsidence
intensity decreases progressively toward the southern regions; Most pronounced subsidence
observed near the 3-107 working face.

3. Boundary Conditions:

Southern boundary defined by measurement points C59 and D59; Initial signs of subsidence
development in the central 3-106 mining area; No significant subsidence increase observed in
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southernmost regions.
These findings demonstrate the dynamic nature of surface deformation in response to
progressive mining activities, with distinct spatial and temporal patterns of subsidence development.

1311
1310

(a) Terrain-first measurement

( b6 ) Relative variation of the sixth settlement (b7 ) Relative variation of the seventh settlement
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Figure 8 3107 working face mining under the influence of large goaf surface rock movement change figure
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Figure 10 The subsidence rate curve of surface rock movement in large goaf under the influence of mining in 3107

working face
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To quantitatively analyze the subsidence patterns, the relative subsidence changes at
monitoring points under the influence of the 3-107 working face mining operations were plotted, as
shown in Figures 9(a-d). And draw its settlement rate curve, as shown in Figure 10 (a~d ). It can
be seen from Fig.10 that the monitoring period of surface subsidence is 9 months, and the subsidence
has reached a stable stage. The analysis of Figures 9(c) and 9(d) reveals that the maximum
subsidence zone is concentrated near the return airway side of the 3-107 working face, with peak
relative subsidence reaching 1,183 mm at monitoring point C31, located approximately 110 meters
north of the 3-107 return airway. The surface inclination line demonstrates a southward migration
of the maximum subsidence point from the central mining area toward the 3-104 goaf area, with
primary subsidence concentration occurring between monitoring points C29 and C35. Relative
subsidence decreases progressively toward the southern regions, stabilizing in the central 3-106
mining area and showing minimal change in the southernmost section of the 3-106 mining area.
These findings illustrate the complex spatial distribution of surface subsidence, highlighting the
influence of adjacent goaf areas and the progressive nature of mining-induced surface deformation.

Analysis of Figures 9(a) and 9(b) reveals distinct subsidence patterns during the monitoring
period from October 20, 2023, to July 20, 2024, under the influence of the 3-107 working face
mining operations. The maximum relative subsidence of 1,254 mm was recorded at monitoring
point A51, located approximately 750 meters east of the cut-eye. The point of maximum subsidence
exhibited a progressive eastward migration toward the 2-201 mining goaf area, shifting from its
initial position at A43 to its final location at AS1 near the 2-201 mining zone. Within the strike
monitoring line of the 3-104 mining goaf area, relative subsidence values ranged from 271 to 616
mm (E1-E19), demonstrating that the mining activities of the 3-107 working face significantly
influence secondary subsidence phenomena within the large-scale mining goaf area.

In summary, the progressive advancement of the 3-107 working face has induced significant
surface subsidence effects across three distinct zones: the immediate vicinity of the 3-107 working
face, the 3-104 mining area, and the 3-106 mining area. The inclination monitoring lines reveal that
the maximum subsidence is initially concentrated near the return airway side of the 3-107 working
face, subsequently migrating from the central region of the 3-107 mining area toward the 3-104 goaf
area. Within the 3-106 mining area, relative subsidence demonstrates a gradual stabilization pattern,
with minimal changes observed in the central and southern sections. Simultaneously, the strike
monitoring lines indicate a progressive eastward migration of the maximum subsidence point
toward the 2-201 mining zone. These comprehensive observations demonstrate that the mining
activities of the 3-107 working face exert substantial influence on secondary subsidence phenomena
within the extensive mining goaf area.

6. CONCLUSIONS

(1) The microseismic monitoring results demonstrate a clear correlation between the
advancement of the 3-107 working face and overburden deformation patterns. As the mining
distance of the 3-107 working face increases, progressive damage is observed in the overlying strata
above adjacent workings, while the rock layers above the 3-106 working face remain relatively
unaffected. Furthermore, the analysis reveals a distinct vertical progression of microseismic activity,
with events exhibiting an upward migration trend toward higher rock strata as mining operations
progress.

(2) The numerical simulation results reveal significant structural changes in response to the
continuous advancement of the 3-107 working face. As mining progresses, the overlying strata
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above the 3-104 working face experience progressive damage, manifested through three primary
indicators: increased roof collapse height, multiplication of interlayer fractures within the large-
scale goaf area, and vertical expansion of the fractured zone. These phenomena demonstrate that
Continuous Small Pillar Mining induces wave-like propagation of roof movement within the
extensive goaf area, significantly influencing the stress distribution and deformation patterns of
surrounding rock masses.

(3) The surface subsidence monitoring results demonstrate a progressive expansion of mining-
induced impacts corresponding to the advancement of the 3-107 working face. The subsidence
effects extend across three primary zones: the immediate vicinity of the 3-107 working face, the 3-
104 mining area, and the 3-106 mining area. Analysis of the inclination monitoring lines reveals
that the maximum subsidence initially concentrates near the return airway side of the 3-107 working
face, subsequently migrating from the central region of the 3-107 mining area toward the 3-104 goaf
area. Within the 3-106 mining area, relative subsidence exhibits a gradual stabilization trend.
Simultaneously, strike monitoring lines indicate an eastward migration of the maximum subsidence
point toward the 2-201 mining zone. These comprehensive observations confirm that the mining
activities of the 3-107 working face significantly influence secondary subsidence phenomena within
the extensive mining goaf area.
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