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The surface subsidence caused by the coal seam mining seriously affects the ecology of the mining area. Compared with the single-coal seam mining, the mechanism of the overburden fracture and crack propagation caused by multi-coal seams mining is more complex, which has not been fully understood. Taking the 22,108 and 42,108 working faces of Buertai Coal Mine as a research object, the discrete element method is used to simulate the migration and failure characteristics of overlying strata, and the propogation of cracks in the process of multi-coal seams mining is also been investigated. So many cracks develop in the soft strata overlying the coal seam, and they cross each other and form a complex fracture system. The hard layer produces staggered cracks with a large size, mainly high-angle longitudinal cracks. The surface subsidence curve of the single coal seam mining shows a wide and slow “bowl” type, and the surface subsidence curve of the double coal seams mining show a “funnel” type with only one inflection point. The overburden structure disturbance caused by the previous coal seam and rock cracking—settlement have great influence on the mining of the latter coal seam. The research results are basically consistent with the field data comparison, which could provide a reference for the related research and engineering practice of shallow-buried double coal seam mining.
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1 INTRODUCTION
Repeated mining refers to a mining method in which rock strata and surface have been affected by one mining, resulting in movement, deformation, and destruction, and then affected by another mining, causing rock strata and surface to be destroyed again (Liu et al., 2022). In general, the initial mining will damage the overlying rock and cause the softening of rock masses resulting in a decrease in rock mass strength (Zhang et al., 2023a). During the secondary mining, the insufficient amount of damage in the upper coal seam mining will be “activated,” therefore, the damage degree of repeated mining is greater than that of initial mining on rock and surface. To ensure safe production and better direct production, it is necessary to conduct in-depth research on repeated mining.
In recent years, aiming at the characteristics of overlying strata movement caused by single mining in shallow coal seams, scholars have accumulated a lot of practical experience and theoretical basis. However, for multi-seam mining, the overlying strata have been disturbed to form gob area, the mechanical properties of rock have changed after damage, and the overburden stress is redistributed. The mechanical environment of the mine under the condition of multi-coal seam mining is greatly changed compared with that of shallow coal seam mining, the temporal-spatial evolution law of overlying rock mass and surface deformation is different from that of single coal seam mining. Therefore, the failure characteristics of multi-coal seam mining are quite different from single mining (Yu et al., 2016; Ghabraie et al., 2017a; Ghabraie et al., 2017b; Zhang et al., 2018; Ma and Hu, 2013). By assuming that the reduction of the expansion coefficient of the rock mass during the mining of multiple coal seams is proportional to the amount of expansion caused by the initial mining, combined with the field-measured data, the calculation formula for predicting the subsidence coefficient of the surface and rock mass under the mining conditions of multiple coal seams is given. The simulation study on the development law of overburden fracture under repeated mining conditions is carried out, and it is considered that repeated mining may cause the re-development of the water-conducting fractured zone of the upper coal seam (Yao et al., 2010). Zou et al. (2022a) studied the characteristics of mine tremor and stress distribution before and after deep hole blasting in the mining process of Dongtan Coal Mine in Shandong Province, and revealed the prevention and control effect of deep hole blasting on strong mine tremor. It is considered that deep hole blasting technology can effectively weaken and break the thick and hard rock strata overlying the coal seam, so as to achieve the purpose of releasing the strain energy of the overlying rock (Zou et al., 2022a). The surface and rock mass deformation characteristics under repeated mining conditions were analyzed by FLAC3D numerical simulation software. Based on the key strata theory of strata movement and mine earthquake monitoring technology, the collaborative migration and fracture characteristics of multi-key strata in deep coal mining and the energy propagation law of induced mine earthquakes were studied (Zhang et al., 2023b). Through on-the-spot observation and theoretical analysis of the working face of close distance thick coal seam group in 7 and 8 coal seams in the Datun mining area, it is concluded that the height of the lower coal falling zone increases when the failure range of the upper coal floor coincides with the development range of lower coal falling zone. Using numerical simulation, similar simulation, and engineering practice, the range of the shear fracture zone and stress concentration area near the working face is defined. Based on digital image correlation technology and traditional split Hopkinson pressure bar test, Zou et al. (2022b) conducted a series of repeated experiments on complete, rough and smooth joint surfaces, and described the process of stress wave propagation through joints in rock mass. The instability law of the damaged basic roof is studied based on the “S-R” theory of the “Voussoir beam structure.” It is concluded that the damaged basic roof is more prone to sliding instability of the “Voussoir beam.” and the greater the damage, the greater the probability of sliding instability (He et al., 2016). The hypothesis of “Voussoir beam” is proposed based on the characteristics of mining rock mass movement. With the advance of the working face, the hard rock above the goaf will be fractured into orderly rock blocks in the fracture zone, and the rock blocks will be hinged by horizontal thrust. Wei et al. (2022) analyzed the macroscopic and microscopic characteristics of overburden failure, fracture development, force chain evolution and rock mass damage law through UAV remote sensing technology, laboratory test and PFC2D numerical simulation, and compared them with field data. Based on the actual situation of 22,307 working face in Bulianta Coal Mine, Liu et al. studied the redevelopment of cracks and the change of permeability in the process of lower coal seam mining by using Particle Flow Code and corresponding physical experiments. The results show that after the lower coal seam mining, the upper and lower stopes are connected to form a new compound minefield; with the mining of the lower coal seam and the advancement of the working face, the permeability and the number of cracks in each area of the overlying strata show the law of ' stability-rapid increase-stability (Liu et al., 2019a; Liu et al., 2019b). Based on the BBR research system, Wang et al. (2020) used PFC numerical calculation and a top-coal caving experiment to study the top-coal caving mechanism of sublevel caving in steeply inclined coal seams under different sublevel heights and caving directions. The results show that the boundary curve of top coal can be fitted by a parabola. Like a flat coal seam, the drainage body of SLTCC is still a cutting variational ellipsoid. With the increase of the section height, the convex point of the top coal boundary moves to the goaf, which leads to the incomplete development of the top coal (Wang et al., 2020). Aiming at the problems of high gas concentration in overlying strata and uncertain roof height in the 7,435 working face of Kongzhuang Coal Mine, Wang et al. (2017) studied the caving characteristics of overlying strata by combining physical experiments of similar materials with numerical simulation of PFC (Particle Flow Code) software and verified each other. The relationship between fracture development and porosity variation characteristics is introduced to quantitatively determine the height of the local fracture zone. The quantitatively calculated wellbore height is compared with the wellbore height measured by the in situ drilling flow method (Wang et al., 2017). In order to study the strength behavior of coal pillars under different confining stresses, Zhang et al. carried out compressive tests under lateral constraints of 0∼8.0 MPa, and the PFC model to study the strength enhancement mechanism of coal pillars at the particle scale. It is concluded that the strength and cumulative axial strain of coal increase with the increase of constraint, while Young’s modulus is independent of constraint. Compared with the significant increase of peak compressive stress, the crack initiation stress increases slightly with the increase of constraint. In the early stage of loading, the high constraint inhibits the development of microcracks, while in the later stage of loading, the high constraint enhances the frictional resistance strength component. These two mechanisms together change the compressive strength of coal, which helps to mobilize the strength component (Zhang and Li, 2019). With the continuous development of measurement technology, a large number of scholars continue to apply new technologies to multi-seam mining surface deformation monitoring and achieved a series of results (Perski et al., 2009; Ge L. et al., 2007; Jung et al., 2007; Baek et al., 2008; Wu et al., 2008; Y et al., 2008).
The surface subsidence law and fracture propagation mechanism induced by multi-coal seam mining have been deeply studied by numerical simulation, field observation, laboratory test, and theoretical analysis. However, the research on the mechanism of repeated disturbance of lower coal seam mining to upper coal seam goaf is still insufficient. This paper takes the 22,108 and 42,108 working face of the Buertai mining area as an example, PFC numerical simulation software is used to study the characteristics of surface subsidence and fracture propagation under the condition of double-layer downward mining, revealing the mutual feedback mechanism of strata movement law caused by upper and lower coal seam mining, to contribute to the study of overburden rock migration mechanism induced by multi-coal seam mining.
2 ENGINEERING BACKGROUND
Buertai coal mine is located in Ordos city, inner Mongolia Autonomous Region. It is a super large production mine of Shenhua Coal Group Co., Ltd. The coal mine is designed in 2005, with a design production capacity of 20 million tons/year. Construction began in 2008, trial production in 2011, and production in 2014. The main mining 22 coal and 42 coal seam are extracted with the mechanized longwall retreat method, all falling method to deal with gob roof. This paper studies the 22,108 working face of the 2-2 coal seam and the 42,108 working face of the 4-2 coal seam. The compressive strength of the rock in the natural state of Buertai Coal Mine is relatively low, basically below 40 Mpa. The shear and tensile strength are relatively high, and the softening coefficient of the rock is mostly less than 0.75, all of which are softened rock. In general, the roof and floor rocks of coal seams in this area are mainly weak rocks, followed by semi-hard rocks.
Forty-two thousand one hundred and eight working face is the eighth working face of 42 coal seam, the width of 42,108 working face is 300.2 m and the mining length is 4,728.4 m, and the thickness of the overlying loose layer is 1∼40 m. The average thickness of the coal seam is 6.1 m, the dip angle is 1°∼3°, and the average buried depth is 360 m. The immediate roof of 42,108 working face is mostly sandy mudstone, partly mudstone and siltstone. The thickness of the immediate roof is 1∼21 m, and the roof is easy to fall or separated strata. The 42,108 working face is north-south, and the east side is the 42,107 gob area. The width of the 22,108 working face is 300 m, and the stopping length is 4,724.7 m. The average thickness of the coal seam is 4 m, the dip angle is 1°∼2°, and the average buried depth is 290 m. The direct roof of the 22,108 working face is also dominated by sandy mudstone, and the thickness of the immediate roof is large. The position relationship of the working face is shown in Figure 1, and the physical and mechanical properties of the coal measures strata are shown in Table 1. All parameters are obtained by field exploration and experimental tests.
[image: Figure 1]FIGURE 1 | Roadway layout of 22,108 working face and the positional relationship between 2-2 and 4-2 coal seams.
TABLE 1 | Physical and mechanical properties of coal and rock masses.
[image: Table 1]3 NUMERICAL SIMULATION
PFC2D follows Newton’s second law and force-displacement law to simulate the contact, motion, and interaction between particles. The contact force between particles is updated by the force-displacement law, and the position of particles and boundary is sought by Newton’s law of motion to form a new contact. The linear parallel bond model is used in this paper, the particles form a whole through bonding contact and can withstand tension, pressure, and torsion within a certain range, contact between particles is broken beyond the range and degenerates into a linear model that only works under pressure. The model can realistically simulate the formation process of roof fracture and hinged structure in the mining process (Cho N. et al., 2007). The mechanical behavior of the linear parallel bond model is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Linear parallel bond model diagram.
According to the actual distribution of overlying strata in 42,108 working faces, a 2D numerical model of double-layer mining is established. The length of the numerical model is 800 m and the height is 400 m. The minimum particle size is 0.4, the particle size ratio is 1.6, and a total of 321,569 particles are generated. The model’s left and right and bottom boundaries are fixed, and the top is a free boundary, as shown in Figure 3. Displacement constraints are set on the left and right sides of the model and the bottom boundary, and free boundary condition is set up on the top. The Mohr-Coulomb constitutive model is adopted.
[image: Figure 3]FIGURE 3 | Numerical simulation model diagram.
The model considers 32 representative strata according to the drilling data, and the microscopic parameters of each rock layer are shown in Table 2. Before numerical calculation, we need to correct the microscopic parameters of the model according to the actual mechanical parameters of rock mass. Table 2 shows the corrected parameters. The mining height of the upper and lower coal seams is 4 and 6 m respectively, and the advancing distance of the working face is 300 m. Each working face is excavated 30 times, 10 m each time. To eliminate the influence of the boundary effect on the model, 250 m boundaries are generated on both sides of the model. This research focuses on the characteristics and laws governing overburden and surface damage, omitting the temporary support effect of powered support in the working face.
TABLE 2 | Microscopic parameters of overburdened rock.
[image: Table 2]4 RESULT IN ANALYSIS
4.1 Analysis of mining overburden failure and fracture development law
As the first mining proceeds, the immediate roof gradually bends downward to produce separation, and the basic roof cracks develop. As shown in Figure 4, when advancing to 70 m, the immediate roof breaks for the first time, and the basic roof S1 forms a penetrating crack at the position of the cut-off and the working face. When advancing to 90 m, the basic roof S1 is broken, showing the form of a “Voussoir beam” structure, accompanied by separation, and the cracks in the upper middle sandstone soft rock layer of the basic roof S2 develop from both sides of the goaf to the middle. When advancing to 130 m, the basic roof S1 collapsed and the working face is first roof pressure, the central part of the falling zone gradually compacted, and the height of the falling zone is 21 m. The cracks in the S2 cut-off of the basic roof penetrated, and the cracks in the overlying weak medium sandstone layer gradually developed. The basic roof S1 repeats the failure process of “breaking-collapse-compaction.” The falling zone only expands horizontally and no longer develops upward.
[image: Figure 4]FIGURE 4 | The first mining overburden structure evolution characteristic diagram. (A-D) show the mining distance of 70 m, 90 m, 130 m and 300 m, respectively.
When the working face advances to 200 and 280 m respectively, the basic roof S2 forms penetrating cracks from the working face, resulting in a certain degree of damage. However, due to the small thickness of the first coal seam, and the large thickness of the basic roof, resulting in a high backfilling height of the gob area, the basic roof S2 does not collapse. When advancing to 300 m, the numerical simulation mining is completed, the gob area is compacted, the interlayer separation layer is basically closed, and the basic roof S2 exists in the form of a “Voussoir beam” structure with bearing capacity. Affected by the goaf, a large number of cracks are developed in the overlying weak rock layer. In the whole first mining process, there is no obvious bending separation phenomenon in the high overlying strata. The height of the water-conducting fractured zone is 65.1 m, the height of the falling zone is 21 m, and the ratio of mining to falling is 1:5, which is basically consistent with the conclusions of the empirical Eqs 1, 2 of “falling height” and “two-zone” height of medium hard rock strata studied by Liu Shiqi (Liu, 2016).
[image: image]
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In the formula: [image: image] is the height of the caving zone; [image: image] is the coal seam mining height; [image: image] is the height of the water-conducting fractured zone.
Similar to the first mining, as the working face advances, the hard roof R1 gradually bends. As shown in Figure 5, when the working face advances to 70 m, the bending, and sinking of the hard roof R1 are very obvious, and cracks are generated from the cut-off, accompanied by small separation layers, but not broken. When advancing to 100 m, as the subsidence space increases, the roof R1 breaks for the first time, the working face is first roof pressure, and longitudinal tensile cracks begin to appear in the hard rock R2. When advancing to 150 m, the hard rock R2 bends and breaks, forming a “Voussoir beam” structure. The separation occurs, and the hard rock R3 breaks from the middle of the suspension area, showing a “Cantilever beam” state. At this time, the mining-induced fracture extends to the floor of 22 coal seam and connects with the water-conducting fracture zone of 22,108 working face, forming an ultra-high water-conducting fracture zone.
[image: Figure 5]FIGURE 5 | Overburden rock structure evolution characteristic diagram of repeated mining.
When advancing to 300 m, the numerical simulation mining is completed. At this time, the hard rock R3 is also broken, forming a “Voussoir beam” structure, which is not unstable under the support of the filling rock in the goaf. The floor failure range of the upper coal is connected with the development range of the lower coal falling zone, the gob area is compacted and the separation layer is closed. The high-level hard rock breaks along the cut-off and the stop line, resulting in obvious bending and existing in the form of a “Voussoir beam.” At this time, the height of the lower falling zone is 35.97 m, the ratio of mining to falling is 1:6 and the height of the water-conducting fractured zone is 184.57 m.
4.2 Analysis of development law of mining surface cracks
According to the theory and method of mining subsidence, coal mining ground cracks are mainly divided into boundary cracks and dynamic cracks. Boundary cracks are generally in the outer edge area of the stop line and cut-off. Dynamic cracks are located on the surface above the working face, parallel to the working face, and are continuously generated and closed as the working face advances (Hu et al., 2014). Based on elastic finite element theory, after coal mining, the stress distribution area of overlying strata can be divided into compressive stress area, tensile stress area, tensile stress area of positive curvature, compressive stress area of negative curvature, and supporting pressure area (Yang et al., 2019). Among them, the surface on both sides of the gob area belongs to the tensile stress area of positive curvature, and the surface above the goaf belongs to the compressive stress area of negative curvature.
With the first breaking of the main roof (working face advancing to 90 m), the longitudinal boundary cracks appeared on the surface for the first time. Since then, with the advancement of the working face, the mining boundary cracks appeared on the surface, and the boundary cracks are mainly vertical rock layer cracks, as shown in Figure 6, which is consistent with the research conclusion of Zhang Yujun (Zhang and Li, 2011). The first mining cracks are mainly boundary cracks. This is because the surface on both sides of the gob area is located in the tensile stress area, and the tensile strength of the surface loess overburden is almost negligible, which is easily damaged by tension under the influence of the goaf. The boundary crack of the cut-off behind the cut-off by 100 m and the average spacing of the cracks is 49 m. The boundary cracks of the stop line are 110 m ahead of the stop line, and the average spacing of the cracks is 34 m.
[image: Figure 6]FIGURE 6 | Development law diagram of surface cracks in the first mining.
Compared with the first mining, surface damage is serious after repeated mining. As shown in Figure 7, after repeated mining, the boundary cracks develop to the position of the cut-off and stop line. The average spacing of boundary cracks of cut-off is 53.2 m, and that of the stop line is 38.7 m. The number of boundary cracks doubled, which is due to repeated mining caused by the extent of the roof bending damage, resulting in horizontal movement of surface soil to the gob area. Different from the first mining, after repeated mining, a “trapezoid” crack-intensive staggered area is formed at the surface position in the middle of the goaf. This is due to the increase of the longitudinal damage range of the overburden caused by repeated mining, resulting in the bending and sinking of the bedrock under the loess overburden. The loess layer in the compressive stress area is destroyed by its own pressure, forming a dense compressive crack area.
[image: Figure 7]FIGURE 7 | Surface crack development law diagram of repeated mining.
4.3 Analysis of mining surface movement deformation
The planar position of the surface movement observation station is measured by GPS fast static method, and the level is measured by Leica DNA03s digital level. The layout of surface subsidence monitoring points in the 22,108 working face of Buertai Coal Mine is shown in Figure 8. There are 41 monitoring points in the trend direction of the 22,108 working face, with a spacing of 20 m and a number of L06∼L46. A total of 5 plane observations and 32 leveling and elevation observations zre completed, and a large number of valuable observation data are obtained. The maximum surface subsidence is 2.209 m.
[image: Figure 8]FIGURE 8 | Twenty two thousand and one hundred and eight working face surface subsidence measuring point layout.
Numerical model after each step of excavation, compared with 22,108 working face surface subsidence monitoring point real point, every 20 m to set up a monitoring point, record the vertical displacement for statistical analysis, and draw a graph, as shown in Figure 9. Due to the influence of the adjacent goaf, the surface settlement curve monitored in the field is not symmetrical. The settlement value of the side adjacent to the goaf is relatively large. However, this is not the focus of this article, so it will not be described in detail.
[image: Figure 9]FIGURE 9 | Vertical displacement characteristic diagram of first mining overburden.
During the mining process of the first mining face of 22,108, the surface settlement curve is a relatively gentle “bowl” shape. When the working face advances to 40, 80, 120, 160, 200, 240, 280, and 300 m, the maximum settlement is 0.099, 0.313, 0.687, 1.009, 1.393, 1.674, and 2.223 m respectively. With the continuous advancement of the working face, the range and amount of surface subsidence are increasing, the position of the maximum settlement is constantly moving to the right, and the settlement rate in the middle of the gob area is greater than that on both sides, finally, a relatively symmetrical subsidence basin is formed on the surface. The maximum subsidence of the surface is 2.22 m. The maximum subsidence position is located in the center of the goaf, which is slightly close to the direction of the cut-off, and the horizontal distance from the cut-off is 130 m. The surface subsidence trend of the 22,108 working face is the surface basin form of flat bottom, the overall trend is relatively flat, the distance between the boundary of gob area and the edge of the basin bottom is large, and the slope is small, which is a typical feature of shallow buried deep collapse basin (Li et al., 2010).
The settlement curve of the numerical simulation of the 300 m mining is compared with the settlement curve of the 300 m advancing measured in the 22,108 fields. The numerical simulation results are basically consistent with the maximum settlement in the field measurement results, and the position of the maximum settlement in the numerical simulation is slightly left. In general, the numerical simulation results are basically the same as the field measurement, and the settlement trend conforms to the general law, which indicates that the process research and result analysis of overburden failure and surface movement caused by coal seam mining are credible.
During the mining process of the 42,108 repeated mining face, the surface subsidence curve is generally in a symmetrical “funnel” shape, with only one main inflection point. As shown in Figure 10, when the working face advances to 40, 80, 120, 160, 200, 240, 280, and 300 m, the maximum settlement is 2.209, 2.266, 2.410, 2.753, 3.112, 3.477, 3.955, and 4.132 m respectively. The position of the maximum settlement is stable in the direction of the central cutting hole of the 22,108 working face gob area. Compared with the first mining, the surface subsidence after repeated mining is significantly increased, and the maximum settlement is about 1.86 times the maximum settlement of the first mining. This shows that repeated mining changes the stable state of the broken roof of the upper coal seam, leading to the “activation” of the roof of the gob area, further aggravating the damage to the roof and even the surface.
[image: Figure 10]FIGURE 10 | Vertical displacement characteristic diagram of repeated mining overburden rock.
The settlement curve of the numerical simulation of repeated mining 300 m is compared with the settlement curve of the 300 m measured in the 42,108 fields. The maximum settlement of the numerical simulation is 4.1 m, which is slightly larger than the 3.9 m measured in the field. The maximum settlement position of the numerical simulation is 20 m to the left.
4.4 Influence of panel incline width on overburden fracture
To study the influence of panel incline width on overlying rock strata failure law and surface fracture distribution, the mining overlying rock fracture and surface fracture distribution under the conditions of panel incline width of 340, 380, and 420 m are analyzed by using numerical simulation, respectively.
The selection of the panel incline width has a great influence on both the overlying rock strata and the surface, as shown in Figure 11. With the increase of the panel incline width, the influence range of the surface subsidence expands, especially when the panel incline width exceeds 380 m. The surface subsidence of the goaf also increases with the increase of the panel incline width, and the surface subsidence basin is approximately “flat bottom” shape.
[image: Figure 11]FIGURE 11 | Vertical displacement cloud map of overlying rock strata under different panel incline widths. (A-C) show the panel incline width of 340 m, 380 m and 420 m, respectively.
As can be seen from Figure 12, the increase of the panel incline width will lead to the increase of the area of the direct overhead, the bending of the basic roof and the formation of longitudinal cracks. Comparing the caving morphology and fracture propagation characteristics of overlying rock strata under three kinds of panel incline widths, the caving zone height is 21 m and does not increase with the increase of panel incline widths. The basic roof S2 still exists in the form of stable “masonry beam” and does not collapse, which is related to the geological characteristics of large basic roof thickness and high backfill degree of gob in Buertai coal mine. At the same time, with the increase of the panel incline width, the surface cracks did not change very much, and the cracks expanded laterally. In the longitudinal direction, due to the existence of high thick hard bedrock, the cracks did not expand upward after expanding to a certain height, and the height of the water-conducting fracture zone is 65.1 m.
[image: Figure 12]FIGURE 12 | Overburden failure and fracture propagation under different panel incline widths. (A-C) show the panel incline width of 340 m, 380 m and 420 m, respectively.
5 DISCUSSION
With the expansion of the gob area, the movement range of overburden strata also expands, and the final movement range extends to the surface, causing surface movement and deformation. The surface subsidence is the result of the upward transmission of mining overburden strata. The lower coal seam mining activates the upper goaf, causing the “secondary damage” of the original damaged rock. The overlying strata of the upper gob area are broken again and deposited in the goaf in a loose state. Under the influence of secondary mining, the stress balance of overlying strata is also destroyed again, which leads to the instability and compaction of overlying strata in the previous gob area. Therefore, it will lead to the surface subsidence above the gob area again, and the degree of subsidence is much greater than the first mining. The working face is covered with 12∼18 m loess. Compared with the bedrock, loess has the characteristics of low density, low strength, and no tensile strength, which makes it easy to deform when subjected to external forces, and cannot form a supporting structure similar to a “beam.” Under its own pressure, it sinks with the sinking of bedrock.
Actually, the morphology of overburden fracture propagation caused by multi-seam mining is complex, and is related to many factors, including lithology, working face layout, mining speed, etc. The overburden migration prediction models for single coal seam mining are not applicable. However, From the illustration of a case study at Buertai Coal Mine, the overburden migration caused by mining multiple coal seams is not a simple superposition of the migration caused by each coal seam. The overburden structure disturbance caused by the previous coal seam and rock cracking—settlement have great influence on the mining of the latter coal seam.
6 CONCLUSION
In this paper, Taking the 22,108 and 42,108 working faces of Buertai Coal Mine as a research object, the surface subsidence monitoring technology and the discrete element method are used to simulate the migration and failure characteristics of overlying strata, and the propogation of cracks in the process of multi-coal seams mining is also been investigated. The conclusions are as follows:
(1) After the exploitation of the lower coal seam, the water-conducting fractured zone develops upward and is connected with the fracture zone of the upper coal seam. Due to the large thickness of the basic roof of the coal seam in Buertai Coal Mine, resulting in a high backfilling height of the goaf, and the overlying hard layer is easy to form a “Voussoir beam” structure with bearing capacity;
(2) So many cracks develop in the soft strata overlying the coal seam, and they cross each other and form a complex fracture system. The hard layer is subjected to tensile action, resulting in crisscross cracks. The crack size is large, and they are mainly high-angle longitudinal cracks. In the process of single-layer mining, surface cracks are mainly longitudinal tensile cracks in the tensile stress area; after repeated mining, the compressive cracks in the surface compressive stress area are densely developed;
(3) In Buertai Coal Mine, the surface subsidence curve of single coal seam mining shows a wide and slow “bowl” type, and the surface subsidence curve of double coal seam mining shows a “funnel” type with only one inflection point. The maximum surface subsidence position is located on the left side of the center of the working face and is consistent with the maximum subsidence position when single-layer mining;
(4) The overburden migration caused by mining multiple coal seams is not a simple superposition of the migration caused by each coal seam. The overburden structure disturbance caused by the previous coal seam and rock cracking—settlement have great.
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