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Abstract: In order to prevent the multi-dynamic disasters induced by rock burst and roof water 

inrush in strong rock burst coal seams under multi-aquifers, such as is the case with the 207 working 

face in the Tingnan coal mine considered in this study, the exhibited characteristics of two types of 

dynamic disasters, namely rock burst and water inrush, were analyzed. Based on the lithology and 

predicted caving height of the roof, the contradiction between rock burst and water inrush was 

analyzed. In light of these analyses, an integrated method, roof pre-splitting at a high position and 

shattering at a low position, was proposed. According to the results of numerical modelling, pre-

crack blasting at higher rock layers enables a cantilever roof cave in time, thereby reducing the risk 

of rock burst, and pre-crack blasting at underlying rock layers helps increase the crushing degree of 

the rock, which is beneficial for decreasing the caving height of rock layers above goaf, thereby 

preventing the occurrence of water inrush. Finally, the proposed method was applied in an engi-

neering case, and the effectiveness of this method for prevention and control of multi-dynamics 

disasters was evaluated by field observations of the caving height of rock layers and micro-seismic 

monitoring. As a result, the proposed method works well integrally to prevent and control rock 

burst and water inrush. 

Keywords: multi-aquifers; rock burst; roof pre-splitting; multi-dynamic disasters; integrated  

prevention and control 

 

1. Introduction 

Rock burst is one of the serious mining hazards threatening the safety, economics 

and productivity of underground engineering around the world, such as in coal mines, 

metal mines, waste repositories, etc. [1,2] and has also occurred in civil tunnels in recent 

years [3,4]. In China, rock burst has occurred frequently in coal mining due to increasing 

mining depths, which has led to a large amount of personal casualties and equipment 

damage. Moreover, rock burst may induce secondary dynamic disasters, such as water 

inrush and gas explosion [5,6]. To solve the hazards induced by rock burst and water 

inrush, some scholars at home and abroad have conducted a series of studies. Most of the 

researches on the prevention and control of rock burst [7–10] and water inrush [11–15] are 

focused on the single disaster field. However, the mining conditions of mines are compli-

cated, and most accidents are combined with multiple disasters. For example, among 132 

rock bursts that have occurred in coal mines in China, a considerable portion of coal mines 
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where rock burst has occurred have water-rich roof strata above the rock burst coal seams. 

According to our investigation, there are 1 extremely complex hydrogeological mine and 

13 complex hydrogeological mines among 22 rock bursts in coal mines in Shananxi Prov-

ince, accounting for 63.6%, which were mainly induced in the sandstone roofs of the 

Luohe aquifer and Yijun aquifer. Therefore, it is far from enough to consider a single dis-

aster, and multi-dynamic disasters also need to be studied. In recent years, the following 

research achievements have been conducted in the research field of multi-dynamic disas-

ters. 

Jiang et al. [16–18] studied the stress evolution rules of a multi-aquifer and a coal 

seam in light of the dynamic phenomenon during the process of drainage in the deep 

roadway of the Ordos mining area and revealed the mechanism of rock burst induced by 

drainage. Shi et al. [19,20] illuminated the relationship among mine ground pressure, rock 

burst and roof water inrush on the basis of analysing the source of roof water inrush in a 

coal seam. Taking the 1301 working face as the engineering background in the Yuncheng 

coal mine, Li et al. [21,22] determined that the hydrophobic pressure boost zone was an 

importance force source of rock burst and revealed the disaster-causing mechanism under 

the complex condition of “high stress-strong disturbance-weak rock mass” by the means 

of theoretical analysis, field monitoring, engineering experiments and numerical simula-

tion. Han et al. [23] analyzed the internal relationship between coal-rock dynamic disas-

ters, such as coal and gas outburst, rock burst and floor water inrush, and the ground 

stress field in the Kailuan mining area, based on a ground stress test. On the basis of stud-

ying the relationship between the stress characteristics of a working face and the height 

of a roof fracture zone, Ti et al. [24] proposed a method to determine the height of an 

overburden rock-fracture zone by combining the stress characteristics of the roof and the 

comprehensive column chart of the overburden rock. Xu and Zhu et al. [25,26] put for-

ward a new method to predict the height of a water-conducting fracture zone based on 

the position of the overburden key layers on the basis of studying the rules of influence of 

overburden key layers on the development height of a water-conducting fracture zone. 

The research results showed that the position of overburden key layers would affect the 

development height of a water-conducting fracture zone. Sheng et al. [27] studied how to 

ensure the reliable and stable operation of a mine drainage system in the case of a mine 

impact disaster, summarized the general principles for the design of a similar mine drain-

age system, and provided a new idea for the design and construction of a mine drainage 

system in the case of mine impact disasters. 

The previous research mainly illustrated the mechanisms, characteristics and preven-

tion and control technologies of rock burst and water inrush from the aspect of theoretical 

models and mechanical analyses, which enriched relevant theories and were significant 

to the prevention and control of dynamic disasters. However, previous research mainly 

focused on a single disaster, while the multi-dynamic disaster-causing mechanisms are 

intricate, and existing technologies have been unable to solve these problems before now. 

In light of this, it is far from enough to think about single disasters for these mines. There-

fore, technologies that integrate prevention and control of multi-dynamic disasters are 

urgently desired for these coal mines. 

This paper considered the 207 working face in the Tingnan Coal Mine as a study 

example, combined theories with numerical simulation and field work technologies to 

analyze the key contradiction between rock burst and water inrush, proposed an inte-

grated method (roof pre-splitting at a high position and shattering at a low position), and 

put the method into practice, which has gained certain achievements. 

2. Engineering Background 

2.1. Geological Feature 

The Tingnan coal mine is located at the center of the Binxian-Changwu area, Shanaxi 

Province, with the Dafosi coal mine in the south, the Xiaozhuang coal mine in the east, the 
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Mengcun coal mine in the north and the Yangjiaping coal mine in the west (please see 

Figure 1). Its approved annual production is 5 million tones; the Jurassic No. 4 coal seam 

is the only excavating resource at present. The buried depth of the No. 2 panel area is 432–

729 m; at present, the mining activities at the 204, 205 and 206 working faces have been 

completed, and mining activities are mainly concentrated at the 207 working face. The 

diagrammatic sketch of working faces at the No. 2 panel area is shown in Figure 2. The 

average thickness and dip angle of the coal seam are 11.05 m and 4°, respectively. The 

mine hydrogeological type is “complex” and the main aquifer affected by mining is the 

Luohe aquifer. The lithology is mainly medium sandstone and coarse sandstone. The per-

meability coefficient of the Luohe aquifer is 0.0241 m/d, and the distance between the top 

plate of the No. 4 coal seam and the bottom boundary of the Luohe aquifer is about 173.5 

m–176.0 m. Rock burst and water inrush are the dominant dynamic disasters in the 

Tingnan coal mine, which have seriously affected the safety of mine production. 

 

Figure 1. The location of Tingnan coal mine. 

 

Figure 2. The diagrammatic sketch of working faces at the No. 2 panel area. 

2.2. History of Multi-Dynamic Disasters 

2.2.1. Rock Burst 

At present, the mine impact phenomenon is mainly concentrated in the No. 2 panel 

area. From April 2014 to March 2016, there were two impact phenomena at the 205 work-

ing face and 43 impact phenomena at the 206 working face in total, which mainly caused 

humps at the tunnel floor, subsidence at the tunnel roof and wall caving. One of the most 

serious accidents occurred at the 205 working face, which caused a 1.2 m convergence at 

the tunnel roof, a 0.7 m hump at the tunnel floor and a single hydraulic prop inclination, 

parts of which damage are shown in Figure 3a,b. 
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(a)  (b) 

Figure 3. Damage situation at the No. 2 panel area. (a,b) support failure at roadway walls. 

2.2.2. Water Inrush 

As shown in Table 1, there was no water inrush at the 201 working face. The normal 

water inflow at the 204 working face is 150–250 m3·h−1, and the maximum water inflow is 

270 m3·h−1, which suggests that there is not an obvious, sudden increase in water inflow 

during mining at the 204 working face. The normal water inflow at the 205 working face 

was 150–250 m3·h−1, but when the mining distance reached 616 m, the maximum water 

inflow was 504 m3·h−1 and maintained above 300 m3·h−1 for seven days, which caused a 

huge threat to mine safety. Furthermore, the normal water inflow at the 206 working face 

was 240–380 m3·h−1, but when the mining distance reached 1423 m, the maximum water 

inflow was 490 m3·h−1, which had a great impact on mine production. 

Table 1. Water inflow at the No. 2 panel area. 

Working 

Face 
Mining Height (m) 

Normal Water Inflow 

(m3·h−1) 

Maximum Water In-

flow (m3·h−1) 

201 10 0 0 

204 6 150–250 270 

205 6 150–250 504 

206 9 240–380 490 

In conclusion, the multi-dynamic disaster in the No. 2 panel area was mainly a com-

bination of rock burst and water inrush, and rock burst was manifested as roof impact. If 

the suspended roof cannot be treated properly in time, it may induce rock burst and water 

inrush. Specific reasons for multi-dynamic disasters are introduced as following subsec-

tions. 

3. Analysis on the Multi-Dynamic Disasters 

3.1. Cause Analysis of Rock Burst 

The depth of the No. 4 coal seam is between 508 m and 680 m; in light of this, the 

hazard index of rock burst increases from 0.1 to 0.45, which suggests that the mining depth 

is a key factor for rock burst. According to the test results, the No. 4 coal seam and roof 

have a strong burst tendency and the floor has a weak burst tendency, which are the fac-

tors for rock burst. A geological investigation by borehole (Table 2) suggests that there are 

two types of key layers with a thickness of more than 30 m above the coal seam, namely 

the main key strata and the inferior key strata [28–33], which may form a suspended roof 

of goaf and even lead to rock burst. 
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Table 2. Lithological characteristics at the No. 2 panel area investigated by borehole. 

No.  Lithology 
Average 

Thickness (m) 

Average 

Depth (m) 
Key Stratum 

1  Fine sandstone 17.12 17.62  

2  Medium sandstone 21 38.62  

3  Cobble conglomerate 60.38 99 Main key stratum 

4  Coarse sandstone 52.7 151.70  

5  Siltstone 1.8 153.50  

6  Coarse sandstone 59.31 212.81  

7  Mudstone 1.7 214.51  

8  Medium sandstone 0.99 215.50  

9  Coarse sandstone 2 217.50  

10  Medium sandstone 66 283.50 Inferior key strata 

11  Fine sandstone 25.1 308.60  

12  Granite 31.4 340.00 Inferior key strata 

13  Fine sandstone 17 357.00  

14  Mudstone 21.3 378.30  

15  Coarse sandstone 12.7 391.00  

16  Mudstone 7.4 398.40  

17  Coarse sandstone 17.1 415.50  

18  Mudstone 14.2 429.70  

19  Coarse sandstone 2.5 432.20  

20  Mudstone 14 446.20  

21  Coarse sandstone 2.7 448.90  

22  Mudstone 3.5 452.40  

23  No.3 coal seam 0.1 452.50  

24  Mudstone 34.9 487.40 Inferior key strata 

25  No.4 coal seam 21.37 508.77  

3.2. Cause Analysis of Water Inrush 

After the mining of the 204 working face, two boreholes, namely D1 and D2, were 

drilled from the surface to detect the caving zone and the fracture zone. The result sug-

gests that the ultimate rupture distance of the main key stratum of the Luohe aquifer is 

164 m according to the beam fracture calculation. Corresponding to the plate fracture cal-

culation, when the working face width is 200 m and the working face has been pushed to 

367 m, the main key layer has broken. Therefore, from a theoretical point of view, it can 

be concluded that the Luohe Aquifer has ruptured. 

Moreover, in light of the results of D2 drilling TV images, cracks were found at 119.60 

m, 386.90 m, 392.59 m, etc, (please see Figure 4). At the same time, in the process of drilling, 

the phenomenon of drill dropping (a sign of delamination) was found at the bottom of the 

Luohe aquifer (the drilling depth is 389.37 m), which can also indicate that the sandstone 

layers of the Luohe aquifer were bent or even damaged to a certain extent after the mining 

of the 204 working face. This phenomenon would be further aggravated with the subse-

quent mining activities at the 205 and 206 working faces. 



Energies 2021, 14, 7287 6 of 16 
 

 

  

(a) (b) (c) 

Figure 4. The results of D2 drilling TV images. (a) Depth: 119.60 m, (b) depth: 386.90 m, (c) depth: 392.59 m. 

To prevent water inrush, the height of the water-conducting fracture zone must be 

determined in advance [34–37]. The overlying rock strata generally form a caving zone, a 

fracture zone and a bending zone after coal mining. According to a general empirical for-

mula, Equations (1)–(3) [38] can be applied to predict the height of the caving zone and 

the fracture zone, in which M represents the average mining thickness of coal seams in 

meters; k represents the rock loss coefficient; α represents the coal seam dip angle in de-

grees; h1 represents the caving zone height; h2 represents the fracture zone height; and h3 

represents the water-conducting fracture zone (the sum of the height of the caving zone 

and the fracture zone). 

ℎ� =
�

(� − 1) cos �
 (1)

ℎ� = (1 ∼ 3)ℎ� (2)

ℎ� = ℎ� + ℎ� (3)

The mining thickness at the 207 working face is 9 m, the average dip angle is 4°, the 

immediate roof is sandy mudstone, and the main roof is a combination of coarse sand-

stone and fine sandstone. To predict the height of the caving zone and the water-conduct-

ing fracture zone, corresponding to the actual geological condition, take M as 9 m; take k 

as 1.2 m; and take α as 4°. It can be calculated that the height of the caving zone is 45.1 m, 

the height of fracture zone is 45.1–135.3 m and the height of the water-conducting fracture 

zone is 90.2–180.4 m. 

According to Equations (1)–(3), the relationship between the water-conducting frac-

ture zone height and the rock-shattering expansion coefficient can be calculated, as shown 

in Figure 5. When the rock-shattering expansion coefficient increases to 1.3, the height of 

the water-conducting fracture zone is about 30.07–90.21 m; if the rock-shattering expan-

sion coefficient increases to 1.4, the height of the water-conducting fracture zone will re-

duce to 67.65 m. It can be seen that blasting rock strata to promote its shattering expansion 

coefficient has an obvious effect of reducing the height of the water-conducting fracture 

zone. 
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Figure 5. The change rules of damage zone height with rock-shattering expansion coefficient. 

The damage degree of the overlying strata is more serious under high-intensity min-

ing conditions. According to a previous investigation (which has been clarified) in the 

Wuyang coal mine, which has a similar mining thickness, the maximum height of the wa-

ter-conducting fracture zones are 114.67 m by fully mechanized top coal caving, 83.9 m by 

fully mechanized slicing mining, and 49.6 m by conventional mining. The maximum 

height of the water-conducting fracture zone by fully mechanized top coal caving is 1.37 

times of that by fully mechanized slicing mining, and is 2.31 times of that by conventional 

mining. Due to the lack of observation data of the water-conducting fracture zone by fully 

mechanized top coal caving and fully mechanized slicing mining, there is no unified cal-

culation available at present. Based on the previous research from the Kailuan, Yanzhou, 

Huainan, Kangping, Tongchuan, Longkou and other mining areas, which have been clar-

ified by the mines, the height of the water-conducting fracture zone can be calculated ac-

cording to the following formulas under the high intensity conditions of fully mechanized 

top coal caving and fully mechanized slicing mining: M is the effective mining thickness 

of the coal seam in meters; n is the number of mining layers. The intensity of overburden 

rock layers at the 207 working face is between soft and medium hard rock. According to 

Formulas (5) and (6) [38], the height of the water-conducting fracture zone is 100–190 m, 

which has exceeded the predicted height. In addition, during the mining activities of the 

207 working face, continuous goaf will be formed in the 204, 205 and 206 working faces 

and the degree of damage to the rock strata will be more serious, which will increase the 

risk of water inrush at the 207 working face. 

Hard rock           ��� = 30
�

√�
+ 10 (4)

Medium hard rock    ��� = 20
�

√�
+ 10 (5)

Soft rock            ��� = 10
�

√�
+ 10 (6)

Based on the above analysis, the hard, thick roof must be treated to prevent rock burst 

and to avoid the height of roof damage reaching the multi-aquifers. Motivated by this 

determination, this paper proposes a new prevention and control method. Specific oper-

ations are exhibited in the following sections. 

4. The Approach to Prevention and Control of Multi-Dynamic Disasters 

The ideas of pre-splitting at a high position and shattering at a low position mainly 

include the following two aspects: One is pre-splitting at a high rock strata to promote the 
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roof caving in time, which can decrease the risk of rock burst due to the accumulation of 

a large amount of elastic potential energy [39–44]. The other is blasting at a low position 

to increase the crushing degree of rock [45–47], which helps fill goaf effectively and reduce 

the height of the caving zone. In order to verify the feasibility of this proposed method, 

numerical modelling of the pre-splitting and shattering measurements was implemented; 

detailed information and a numerical simulation analysis are introduced in the following 

subsections. 

4.1. Numerical Simulation 

The suspended roof will be deformed because of the goaf and will even generate 

different kinds of cracks and blocks. Therefore, the discrete element method needs to be 

applied to analyze this situation. 3DEC can be used to analyze and simulate the destruc-

tion and change in the overlaying strata above goaf in terms of displacement. 

4.1.1. Model Characteristics and Physical Parameters 

Corresponding to the lithological structure of the 207 working face, a numerical 

model was built, as displayed in Figure 6a, which is a full-scale model with a length of 300 

m, a width of 10 m and a height of 350 m. In light of the field data, the distance between 

the Luohe aquifer and the No. 4 coal seam is 172 m, the height of the working face is 18 

m; the main key strata and inferior key strata are displayed in Figure 6b. Physical and 

mechanical parameters of each coal or rock layer are shown in Table 3. 

 

(a) (b) 

Figure 6. Numerical model diagrams. (a) The whole model, (b) local amplified details. 

Table 3. Physical and mechanical parameters for modelling. 

Rock Layer 
Density 

(kg·m−3) 

Elastic 

Modulus 

(MPa) 

Poisson 

Ratio (-) 

Cohesion 

(MPa) 

Friction 

Angle (°) 

Tensile 

Strength 

(MPa) 

Coarse sandstone 2530 4090 0.21 6.57 39.2 4.21 

Medium sandstone 2580 5990 0.2 4.0 37 1.2 

Mudstone 2570 1250 0.22 3.43 37.41 2.28 

Sandy mudstone 2510 5425 0.147 2.16 36 0.75 

Sandy conglomerate 2721 5200 0.25 5.2 37.6 2.81 

Coal 1335 530 0.25 2.21 36.29 0.64 
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4.1.2. The Caving Process by Conventional Mining 

Figure 7a,b show the process of caving the roof by conventional mining; when the 

working face is pushed to 60 m, a large area of suspended roof forms above the goaf. 

When the working face is pushed to 70 m, the suspended roof suddenly collapses, and 

displacement varies from 6.431 m to 10.134 m. Therefore, under conventional mining con-

ditions, hard and thick roof strata are difficult to collapse. During the process of mining 

work, the roof cannot collapse in time, resulting in a large area of suspended roof, which 

will greatly increase the risk of rock burst. 

  

(a) (b) 

Figure 7. Roof caving process by conventional mining at the length of (a) 60 m and (b) 70 m, respec-

tively. 

4.1.3. The Caving Process by Pre-Splitting at Overlying Strata 

Figure 8a shows the caving process of overlying rock strata when the mining distance 

is 50 m. Figure 8b suggests that when the working face is pushed to 100 m, the cracks have 

reached the multi-aquifers, which may induce water inrush at the roof. Therefore, it is 

necessary to consider the relationship between the roof treatment and the rock fracture 

development height so that the occurrence of rock burst can be prevented to the maximum 

extent, while cracks cannot reach aquifers. 

  

(a) (b) 

Figure 8. Roof caving process by pre-splitting at overlying strata at the mining length of (a) 50 m and (b) 100 m, respec-

tively. 

4.1.4. The Caving Process by Pre-Splitting at High Position and Shattering at Low Posi-

tion 

Through numerical simulation, two methods, namely roof pre-splitting at a high po-

sition and shattering at a low position were analyzed under conventional mining condi-

tions. The results are shown in Figure 9a,b. The pre-splitting blasting is carried out at the 

upper rock strata to make the roof cave in time, and exploding the lower rock strata in-

creases the rock expansion coefficient, so that it can fill more space and decrease the height 

of the caving zone and the water-conducting fracture zone at overlying rock, so as to re-

alize the integrated prevention and control of rock burst and water inrush. 
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(a) (b) 

Figure 9. Roof caving process by pre-splitting at high position and shattering at underlying position 

at the mining length of (a) 50 m and (b) 100 m, respectively. 

From simulation results, to prevent and control rock burst and water inrush inte-

grally, it is necessary to promote the overlying rock strata collapse in time to avoid form-

ing a suspended roof. At the same time, the fracture development height must be con-

trolled so that cracks cannot expand to the aquifers. 

4.2. The Approach of Pre-Splitting at High Position and Shattering at Low Position 

Based on actual geological and mining conditions, the following measures were im-

plemented (Figure 10a,b): The construction area of pre-splitting at a higher position cov-

ered 20 m outward from the cutting hole to the stop lines. A group of blasting holes were 

arranged every 10 m, with four blasting holes in each group of conveyance roadways and 

three blasting holes in each group of return airways. As plotted in Figure 10c,d, the con-

struction area of shattering at a lower position covered 20 m outward from the cutting 

hole to the stop lines. A group of blasting holes were arranged every 5 m in the conveyance 

roadways and return airways, with blasting four holes in each group. Specific parameters 

for pre-splitting blasting layout are shown in Table 4. 

  

(a) (b) 

  

(c) (d) 

Figure 10. The schematic diagram of pre-splitting blasting at high position and shattering at low 

position. (a) Conveyance road, (b) return airway, (c) conveyance road, (d) return airway. 
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Table 4. Parameters for pre-splitting blasting layout. 

Borehole 
Elevated 

Angle (°) 

Azimuth 

Angle (°) 

Length 

(m) 

Aperture 

(mm) 

Charge 

Length (m) 

Charge 

Weight (kg) 

Sealing 

Length 

(m) 

SK1 90 0 40 75 10 30 30 

SK2 75 30 41 75 10 31 31 

SK3 55 330 49 75 12 36 37 

SK4 35 0 70 75 17 52 52 

SK5 90 0 40 75 10 30 30 

SK6 75 30 41 75 10 31 31 

SK7 60 330 46 75 12 34 35 

QK1 90 0 30 75 12 35 18 

QK2 75 30 31 75 12 37 19 

QK3 55 330 37 75 15 43 22 

QK4 35 0 52 75 21 62 31 

QK5 90 0 30 75 12 35 18 

QK6 75 30 31 75 12 37 19 

QK7 60 330 35 75 14 41 21 

QK8 35 0 52 75 21 62 31 

5. Analysis of Engineering Practices 

5.1. Rock Burst Monitoring Results 

By 23 December, 2018, a total of 4092 micro-seismic events with energy over 1000 J 

had been detected at the 207 working face, which included 306 micro-seismic events with 

energy between 104 J and 105 J, 40 micro-seismic events with energy between 105 J and106 

J and 2 micro-seismic events with energy about 106 J. Micro-seismic monitoring results are 

shown in Figure 11a,b. 

 

(a) 

 

(b) 

Figure 11. Micro-seismic monitoring data at 207 working face. (a) The number of micro-seismic events varies with daily 

footage, (b) source location distribution of micro-seismic events. 
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Micro-seismic events with energy above 104 J were mainly distributed along the re-

turn airway from a horizontal aspect, which is close to goaf so that it was obviously af-

fected by the superimposed stress. From the longitudinal aspects, micro-seismic events 

were mainly distributed at the multi-tunnel area and the synclinal axis position. Micro-

seismic detection results show that several micro-seismic events reached above medium 

warning, and a series of measures were taken to remove the danger of rock burst at the 

warning area in time. In the end, there were early warnings of rock burst on the working 

face, but rock burst phenomena were not found, which effectively realized the prevention 

and control of a rock burst disaster. 

5.2. Cracking Height Measurement 

5.2.1. Analysis of Micro-Seismic Data 

From August 2017 to January 2019, the source location of micro-seismic events above 

1000 J at the 207 working face was projected according to their vertical position. As shown 

in Figure 12, micro-seismic events above 1000 J are mainly concentrated between 20 m 

below the tunnel floor and 120 m above the tunnel roof of the coal seam. The distribution 

height of micro-seismic events indicates the damage height of the overlying rock strata 

does not reach the Luohe aquifer (172 m). It can be concluded that mining activities did 

not form water channels and result in a water disaster control effect. 

 

Figure 12. Vertical distribution of micro-seismic events. 

5.2.2. Analysis of Drilling Results 

In order to further detect the damage height of overlying strata, three boreholes, 

namely Y1-1, Y1-2 and Y4, were drilled on the ground to detect the damage height. 

Among them, Y4 was applied to detect the height of the caving zone and the fracture zone; 

Y1-1 and Y1-2 were equipped with monitoring instruments to observe the rock strata 

movement of the Luohe aquifer in the process of mining at the 207 working face. 

The position of Y4 was 891.723 m before mining, the elevation of the floor was 351 

m, the buried depth of the roof was 522 m, and the thickness of the coal seam was 19 m. 

Some of the drilling results of Y4 are shown in Figure 13. Please see Figure 13a–d. One can 

see the annular cracks between 244–372 m. Below 373 m, the number of annular cracks at 

the hole wall obviously increased. Cracks in the hole wall at 377–379 m were continuously 

concentrated, and the hole wall at 379 m was seriously broken. At 380 m, obvious vertical 

cracks began to appear; at 386 m, the hole is blocked. Based on a comprehensive analysis, 

379 m is determined to be the fracture top interface, the subsidence of the 207 working 

face is 1.3 m, and the crack height is 144.3 m. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 13. The diagram in Y4 borehole. (a) The damage from 271 m to 373 m, (b) the damage from 

377.3 m to 378.5 m, (c) the damage from 379 m to 381 m, (d) the damage from 383 m to 386 m. 

As plotted in Figure 14, there are three monitoring instruments for strata movement, 

namely Y1-1, Y1-2-1 and Y1-2-2; their buried depth are 295 m, 200 m and 95 m, respec-

tively. As of September 6, 2018, the working face was 931.1 m from Y1-1 and 928.1 m from 

Y1-2. As the working face was pushed away from the borehole, the movement of measur-

ing points in the borehole slowed down, the ground subsidence gradually tended to be 

stable, and the monitoring data of rock movement basically remained stable. According 

to the borehole results of “two band”, the subsidence of the 207 working face is 1.3 m, and 

the crack height is 144.3 m; the ratio of crack height and mining height (9 m) is 16:1. This 

shows that there is no obvious crack in the sandstone of the Luohe aquifer, and the roof 

treatment can prevent water inrush at the same time. 
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Figure 14. The rock movement in the borehole above goaf at 207 working face. 

6. Conclusions 

(1) A hard, thick roof is the key factor in the integrated prevention and control of multi-

dynamic disasters in the Tingnan coal mine. The main contradiction for multi-dy-

namic disasters in a rock burst coal seam is that when the roof is treated to prevent 

rock burst, the risk of water inrush will be increased. 

(2) The proposed method is roof splitting at a high position and shattering at a low po-

sition, which can promote the roof caving in time and avoid the formation of a large 

area of hard suspended roof. At the same time, shattering at a low position helps 

increase the crushing degree of the rock, which is beneficial for decreasing the caving 

height of rock layers above the goaf, thereby attaining the desired effect. 

(3) Engineering practice has shown that the proposed method, pre-splitting at a high 

position and shattering at a low position, enables the prevention and control of the 

multi-dynamic disasters of rock burst and water inrush, which have a great signifi-

cance to similar mines. 

There are still some shortcomings in this paper. Limited by computer performance, 

only a two-dimensional numerical model was established, and the numerical simulation 

results are not accurate enough. In addition, this paper mainly used empirical formulas to 

calculate the height of the water-conducting fracture zone. In the next stage of research, 

we will further demonstrate the feasibility of this method by establishing more appropri-

ate numerical and theoretical models. 
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