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Abstract—Taking Xin’an coal mine as an example, 

through empirical formula, regional analogy, theory 

analysis and analog simulation experiment, predicted the 

high of water flowing fractured zone under the condition of 

fully mechanized top coal caving, used monitoring system to 

measure the height of water flowing fractured zone on site, 

confirmed the rationality of the theoretical analysis. 

Through the specially experimental box, a simulation 

material of top coal caving has been developed to simulate 

the characteristics of water flowing fractured zone under 

fully mechanized caving mining condition: The caving zone 

develops rapidly, and the overall growth is approximately 

linear. The development of fractured zone showed a staged 

linear growth. It is found that both the empirical formula 

calculation and the analogical prediction result include the 

measured results. The prediction is basically accurate, but 

the accuracy is not high and the error is relatively large. 

Only the theoretical analysis combined with the theory of 

relevant rock pressure and the specific formation conditions 

of coal mine is accurate. 

Keywords—fully mechanized top coal caving, water 

flowing fractured zone, height prediction, top coal caving 

simulation material, developmental characteristics 

I. INTRODUCTION 

Since the Xin’an coal mine was put into operation, the 

fully mechanized top coal caving technology has widely 

used to mine 3# coal with the thickness of 8m. Compared 

with the layered mining, the mining of thick coal seam of 

fully mechanized top coal caving mining has greatly 

reduced the excavation rate of roadway and improved the 

yield per unit area. On the other hand, fully mechanized 

top coal caving has serious damage to overburden. The 

coal strata of Xin'an coalfield are generally covered by 

thick Quaternary, and it is also threatened by the aquifer 

at the bottom of the Quaternary system by adopting the 

fully mechanized top coal caving mining technology in 

the shallow part. For this reason, Xin'an coal mine 

urgently needs to study the failure and movement law of 

overburden under fully mechanized top coal caving 

mining. 

The prediction of the water flowing fractured zone is 

the key to mine water control project. In order to explore 

the development regularity of the water flowing fractured 

zone, many scholars have made outstanding 

contributions. Academician Liu[1-2] obtained the 

calculation formula of the water flowing fractured zone 

development height by statistics, and met the early 

majority design requirements of mine water mining. 

However, in the background of new mining technology, 

the error of this method is getting bigger, and predicting 

the development height of water flowing fractured zone 

which is more suitable for mining technology and is easy 

to operate has become one of the most important 

research topics for mining workers. 

With the development of coal mining technology, 

more and more theories are applied to predict the water 

flowing fractured zone. Professor Xu et al[3-4] put 

forward a new method to predict the height of water 

flowing fractured zone through the key strata location of 

overburden rock on the basis of the key strata theory. 

According to the failure characteristics of different 

lithologic strata and the analysis of rock bearing capacity, 

deformation ability and the variation of overburden 

physical quantity in mining process, Professor Wang et 

al[5] presented a mechanical model for predicting the 

height of water flowing fractured zone. Huang et al[6] 
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put forward a new method for predicting the height of 

water flowing fractured zone based on overburden 

combination structure and strata tensile deformation 

calculation. According to the system theory, Zhang et 

al[7] create a mining system which takes the mining 

system ( mining system + mining coal seam ) and the 

driven body ( mining cover rock ) as a whole. The 

uncertainty of the traditional prediction method and the 

complexity of the theoretical study are avoided. In order 

to accurately predict the height of water flowing 

fractured zone of mining overburden, Chai et al[8] chose 

mining thickness, ratio coefficient of hard rock lithology, 

inclined length of working face and mining depth as the 

main influencing factors of development height of water 

flowing fractured zone of mining overburden rock, 

combined with 48 groups of measured data. Using 

support vector machine regression (SVR) and genetic 

algorithm (GA) to optimize the parameters, a prediction 

model of the height of water flowing fractured zone of 

mining overburden rock based on GA-SVR is established. 

Other scholars have also carried out useful 

research[9-12]. 

The author also conducted a related study[13-14], this 

paper will be integrated with a variety of methods to 

predict the water flowing fractured zone height of 

specific conditions, through the preparation of similar 

simulated materials to simulate fully mechanized caving 

mining, the development characteristics of water flowing 

fractured zone under specific conditions are given. 

II. MINING TECHNOLOGY AND GEOLOGICAL 

BACKGROUND 

Above the Midwest of Xin'an coal mine is the 

Weishan Lake, Dushan Lake and Zhaoyang Lake, the 

field within the Quaternary containing multi-layer 

water-bearing sand layer, there is a multi-layer 

water-resisting layer between the water-bearing sand 

layers, especially the middle of the Quaternary 

water-resisting layer, thickness 19.00-54.50m. Clay 

plasticity is strong, better water barrier performance, and 

widely distributed area. 

Xin'an coal mine used underground mining methods, 

shaft and downhill longwall coal mining methods, roof 

caving method, mining level of -300m, fully mechanized 

top-coal caving technology. The main mining coal seam 

is the 3lower coal of Shanxi group with 8m thick, simple 

structure, occasionally a layer of mudstone stone, is a 

relatively stable coal seam. The working face is 802m 

long, the slope is about 96-156m long, the dip angle of 

coal seam is about 6°, and the thickness of mining is 8m. 

Xin'an coal mine drilling strata simplified in Table I.

TABLE I.  XIN'AN COAL MINE DRILLING STRATIFICATION SUMMARY TABLE 

Stratum Rock name Lithology description Thickness/m Depth/m 

Quaternary 
coreless drilling loose layer 90.02 90.02 

clay, clay containing sand, clay containing fine sand water-resisting layer 44.98 135.00 

Jurassic 

siltstone medium hard rock 21.30 156.30 

mudstone soft rock layer 26.00 183.30 

fine sandstone hard rock layer 15.27 198.57 

Permian 

siltstone medium hard rock 5.75 204.32 

fine sandstone hard rock layer 7.16 211.48 

mudstone soft rock layer 10.52 222.00 

siltstone medium hard rock 8.93 230.93 

3 coal soft rock layer 9.26 240.19 

III. STOPE ROOF MECHANICAL TEST 

The drilling coring is subjected to mechanical testing 

to test the mechanical parameters of the roof. Due to the 

part soft rock sample and limited number of rock 

samples, part of the rock samples can not be processed 

into a standard sample, but all the sample numbers are 

generally not less than 3, and all rock samples are 

naturally water-bearing, and part of the formed coal rock 

mass sample is shown in Fig. 1 . 

 
Fig. 1 Partial samples 

As the size of part of the rock specimen is not a standard specimen, according to the Test Specification, 
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the standard specimen with a height to diameter ratio of 

2, the test results for non standard specimens are 

converted to the standard size strength by the next 

formula: 

 1.125 0.778 0.222 /

L
C

D L


 


 

Where L  is the strength of non-standard specimens, 

MPa; C  is the converted into standard specimen 

compressive strength, MPa; D is the diameter of 

non-standard specimens, cm; L is the height of 

non-standard specimens, cm. 

The mechanical tests of coal and rock samples are 

carried out by MTS test machine, and the test results of 

physical and mechanical parameters are shown in Table 

Ⅱ. 

TABLE II.  EXPERIMENTAL RESULTS OF PHYSICAL AND MECHANICAL PARAMETERS OF COAL AND ROCK 

Rock type 
Tensile strength 

/MPa C /MPa 
Modulus of 

elasticity /GPa 

Cohesive 

strength /MPa 

Internal 

friction angle/° 

hard rock 
5.86～9.19 

8.29 

58.1～95.1 

78.8 

15.5～25.8 

20.4 

7.2～10.1 

9.2 

28.2～31.1 

30.5 

medium hard rock 
2.26～8.51 

5.75 

35.1～49.1 

43.9 

8.2～11.9 

9.6 

5.5～8.9 

7.2 

26.8～29.1 

27.9 

Soft hard rock 
0.21～0.72 

0.49 

11.8～17.1 

14.4 

4.5～8.9 

6.4 

2.2～4.3 

2.7 

20.2～24.5 

22.8 

IV. HEIGHT PREDICTION OF WATER FLOWING 

FRACTURED ZONE 

A. Empirical prediction 

Although there is no practical calculation formula for 

the height of overburden failure of fully mechanized top 

coal caving in thick coal seam, but the calculation 

according to the Three down procedures still has a 

certain reference significance, according to the type of 

hard overlying rock overcracking damage to the structure 

of the fracture zone with a height formula[1-2]: 

9.8
22.1

100





M

M
Hd , or 1030  MHd  

Where M - mining thickness, m; M - mining 

thickness, m. 

Fully mechanized top coal caving thickness calculated 

by 8m, the height of water flowing fractured zone is 

calculated by the above formula: 7.9m7~1.60dH , 

or 4.9m9~9.74dH .
 

In the adjacent area of the mine, due to the continuous 

formation, and then select the mine with roughly the 

same mining technology background, the water flowing 

fractured zone height also has a great reference 

significance, so the statistics of Zaozhuang, Jining and 

other adjacent parts of the mine water flowing fractured 

zone development as shown in Table Ⅲ[15-17], analogy 

derived Xin'an coal mine water flowing fractured zone 

height:   108.8m~763.61~5.9  MHd .

TABLE III.  NEAR THE COAL MINE WATER FLOWING FRACTURED ZONE DEVELOPMENT STATISTICS 

Mine name Rock formation Split ratio 

Yangcun mine siltstone, mudstone, limestone 12.6 

Jiangzhuang mine limestone, siltstone, mudstone 10.5 

Suncun Mine sandstone 13.6 

Xinglongzhuang mine sandstone, mud limestone, shale 9.5 

Chaili coal mine limestone, siltstone, mudstone 11.2 

B. Theoretical analysis prediction 

According to the theory of rock pressure[18], the 

combination of rock formation and rock physical 

properties determines the motion and stability of the 

overlying strata affected by mining. Due to different 

lithology of Xin'an coal mine, the rock layer will damage 

from bottom to top layer. Due to near the stope, affected 

by mining, and there is no thick hard rock, under the 

condition of fully mechanized mining for 8m, Permian 

strata is bound to destroy and form a water fracture zone. 

According to the theory of the key layer, it can be seen 

that the fine sandstone and siltstone of the Jurassic are 

two critical hard rock layers, and the minimum ratio of 

split is 9.5, However, the top of the Jurassic fine 

sandstone to the top of the stope is 45.75m, thus 

calculated the split ratio is 5.7, the greater the disparity, it 

is inferred that the rock will be broken, the formation of 

hydraulic fissure zone. 

The fine sandstone and siltstone of Jurassic are 

separated by a layer of soft rock and mudstone in the 

middle of the system, which can limit the development 

of the water flowing fractured zone, but it has been 

calculated that the ratio of crack to production between 

the top of the Jurassic fine sandstone and the top of the 

stope is 5.7, which shows a wide gap. Compared with 

hard rock, soft rock can only play a greater role in 

absorbing the loss of splitting energy, that is, to prevent 

the fracture to the higher rock formation, but can not 

prevent the occurrence of cracks, so the mudstone itself 

will produce cracks and damage. The thickness of the top 

of the Jurassic mudstone to the top of the stope is 73.63m, 

and the split ratio is 9, which is close to the minimum 

value of the adjacent mining area. The upper part of the 
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mudstone is the hard rock layer, which is more effective 

than the soft rock to break the fracture development, it is 

inferred that the water conduction fracture zone will 

terminate at the top of the Jurassic mudstone, near the 

bottom of the Jurassic siltstone. 

C. Similar simulation prediction 

1) The development of fully mechanized top coal 
caving material 

In order to simulate the effect of fully mechanized 

caving, the thickness of coal seam is divided into two 

parts, one is the thickness of bottom coal (2m), the other 

is the thickness of top coal (6m). Normal laying of 

similar simulated material in bottom coal thickness, 

Laying a mixture of coal gangue, sand and calcium 

carbonate with a certain strength within the thickness 

range of caving coal, after mining the coal seam at the 

bottom, the top coal can collapse under the action of 

self-weight, simulating the caving effect of the top coal, 

after the top coal collapses, clear out the mining space 

quickly. 

In order to obtain a mixture of coal gangue, sand and 

cement with reasonable strength, a small experimental 

box[19] was made to simulate the collapse time of the 

mixture under different ratios, and the particle size of the 

coal gangue was between 5-10mm. Because the ratio of 

the binder of common similar materials is about 10%, the 

ratio of the designed mixture is shown in Table Ⅳ. 

 

（a）Design diagram 

 

（b）Physical drawing 

Fig 2 Experimental box 

 

TABLE IV.  TENSILE STRENGTH TEST RESULTS OF SIMILAR MATERIALS 

Specimen 

number 

Matching 

number 

Initial collapse 

time/min 

Periodic 

collapse 

time/min 

Specimen 

number 

Matching 

number 

Initial collapse 

time/min 

Periodic 

collapse 

time/min 

P01 582 15 8 P23 764 15 9 

P02 573 16 8 P24 755 15 9 

P03 564 21 11 P31 882 12 5 

P04 555 25 13 P32 873 13 6 

P11 682 13 6 P33 864 14 6 

P12 673 14 7 P34 855 16 8 

P13 664 15 8 P41 982 11 4 

P14 655 18 9 P42 973 12 5 

P21 782 12 6 P43 964 13 6 

P22 773 13 7 P44 955 15 7 

The first collapse is simulated when the whole box is 

filled with mixture at both ends, the periodic collapse is 

simulated when the mixture is not filled at one end. To 

eliminate friction, a layer of lubricating oil is placed on 

the bottom of the experimental box, a film is placed, and 

the material is laid out in different proportions in the 

experimental box, compacted, and placed in ventilated 

and dry conditions for two days (due to the mining of the 

bottom coal seam, the separation between the top coal 

and the direct roof occurs immediately. The top coal will 

only bear self-weight, so it does not need to apply the 

load). Then, the drawing length will be determined 

according to the simulated mining progress, and the 

initial collapse time will be delayed by 20 minutes after 

mining. The periodic collapse time delayed by 10 

minutes after mining is in accordance with the 

requirement, and selected by experiment. When the mass 

ratio is 5:6:4, the experiment requirement can be 

satisfied. 

2) Experimental layout and displacement 
observation 

Observe the three laws of similarity and plan 

simulation test, the similarity ratio is 1: 200, the design 

model size is 190cm×22cm, the height is 120cm. leave 

20cm pillar on the left and right sides, marked with 

latitude and longitude ink line in the model surface, the 

grid line size is 10cm×10cm, while at the intersection of 

some of the grid into the pin as a displacement 

observation point. A total of 10 survey lines were 

arranged (10 cm, 20 cm, 30 cm, 40 cm, 50 cm, 60 cm, 70 

cm, 80 cm, 90 cm, 100 cm) above the coal seam floor, 

respectively, as shown in Figure 3. 
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Fig.4  Model mining effect diagram 

Fig.3  Displacement monitoring grid observation system 

The effect after mining is shown in Figure 4. The 

change of position of each measuring point is observed 

regularly by using total station. The statistical results are 

shown in Figure 5. 

The first step distance of coal seam roof is 43m, and 

the average periodic interval is 15m. When the coal seam 

is finished, the strata collapse from bottom to top, the 

height of rock collapse is 37m, the mature subsidence 

basin is formed on the surface with the maximum 

subsidence amount is 4030mm. Tensile crack appeared 

in the coal face wall and developed upward along the 

rock seam collapse angle, with an average collapse angle 

of 70°. 
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Fig.5  Water conduction fracture zone development 

3) Experimental analysis 
The thickness of the caving zone is larger, which is 

because the mining is thick and the mining time is short, 

the overburden space of the stope is large, and the roof 

rock formation in the upper layer is too late to whole sink. 

Therefore, it is necessary to fill the mining space with the 

dilatation volume of the falling rock block, thus 

increasing the height of the caving zone and increasing 

the whole collapse zone approximately straight line. Due 

to the difference of the formation lithology, the 

development of the fractured zone of the water guide 

presents the characteristic of linear growth .Fissure 

developed into the soft rock mudstone of the Jurassic, the 

fissure development is temporarily inhibited, the coal 

seam continues to be mined 40m, and the height of the 

fracture is suddenly increased to the Jurassic hard rock 

sandstone. This stage can also be seen as the stage of 

fissure accumulation of energy, when the fissure 

accumulates more energy than the soft rock can absorb 

the energy, cracks through the soft rock, developed to the 

Jurassic hard rock sandstone. As the hard rock rupture 

also requires a lot of energy, and the upper layer of soft 

rock mudstone has this energy fully absorbed, it can not 

accumulate enough energy to make this layer of hard 

rock rupture, simulation results also confirmed this end. 

V. MEASUREMENT OF THE HEIGHT OF WATER 

FLOWING FRACTURED ZONE 

A. Drilling layout 

According to the coal mine production layout, drilled 

hole in the middle of 3111 working face adjacent to the 

3109 working face, used the upward hole with double - 

end water blocking observation technology underground, 

Before the monitoring hole is arranged, the mining 

practice and the observation requirement of 3109 face 

should be considered synthetically. The measuring site of 

the height of water flowing fractured zone is selected at 

the crossheading of the 3109 working face auxiliary 

haulage gateway with 3110 working face belt haulage 

gateway, three observation holes are arranged altogether. 

One pre-mining observation hole, two post-harvest 

observation holes. The parameters of the three holes are 

shown in Table Ⅴ, The location of the observation station 

is shown in Figure 6, the observation holes in the section 

are shown in Figure 7, and the observation results are 

shown in Figure 8, 9, 10. 
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Fig. 6 Observation station position  

 
 Fig. 7 Observation hole layout profile 

TABLE V.  DRILLING CONSTRUCTION ELEMENTS 

Hole number Name Aperture (mm) Position Elevation angle Hole deep (m) Complete time 

1# 
Pre-mining 

hole 
89 N34° 55° 150 not affected by mining 

2# 
Post-mining 

hole 
89 N284° 45° 160 a month after mining 

3# 
Post-mining 

hole 
89 N314° 45° 160 a month after mining 

B. Analysis of borehole leakage 

The leakage observation results of pre-mining hole 

(No. 1) is shown in Fig. 8 that there are basically a small 

amount of leakage in the whole hole section, especially 

the shallow part, the leakage amount is larger due to the 

existence of the primary fissure and the mining of the 

adjacent working face. The leakage amount is stable at 

about 1mL/min, due to changes in rock lithology slightly 

fluctuations, and finally in the drilling depth of 95m 

position, there is no leakage of drilling. 

 
Fig. 8  Vertical profile of pre-mining hole (No. 1) 

The leakage observation results of post-mining hole 

(No. 2) is shown in Fig. 9. During the whole observation 

period, the leakage experienced the process of 

stabilization, sudden increase, sudden decrease and 

dynamic stability, which indicated that the roof strata in 

the position of the boreholes were affected by the mining 

activities at different depths and were destroyed to 

different degrees. This can be seen from the different 

depth and size of the borehole water injection leakage 

can be seen. Through analysis, it can be seen that there is 

a large fractured area in the 10m-48m stage, and no or 

only a small amount of reverse water is found in the 

drilling process. It is also proved that the leakage in this 

area is reduced at the stage of 48m-115m with a large 

fissure, but the leakage is decreased. Compared with the 

pre-mining hole, the leakage is still relatively large. 

Therefore, the height of caving zone is about 34m, and 

the height of water-conducting fissure zone is 82m. 

 
Fig. 9  Vertical profile of post-mining hole (No. 2) 

The leakage observation results of post-mining hole 

(No. 3) is shown in Fig. 10. In the whole observation 

stage, the leakage has experienced the process of 

stabilization, sudden increase, sudden decrease and 

dynamic stability, as is the case with the borehole No. 2 

drilling after mining. It can be seen from the analysis that 

there is a large fissure area in the 12-50m stage and that 

there is no or only a small amount of reverse water in the 

drilling process. It is also proved that the leakage in this 

area is reduced in the period of 50m and 118m, but 

compared with the pre-mining hole, it is also proved that 

there is a large fractured area at the stage of 50m-118m. 

The leakage is still relatively large. Therefore, the height 

of the caving zone observed in the post-mining hole is 

about 40 m, and the water flowing fractured zone height 

is 80 m, compared with the post-harvest hole in 2#, the 

leakage is basically the same. 

 
Fig. 10  Vertical profile of post-mining hole (No. 3) 
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Because the bottom end of borehole is not the roof 

of 3109 working face, and there is 8 m thick coal seam, 

at the same time, the inclined angle of coal seam should 

be taken into account, then the height of water diversion 

fissure zone of 3109 face should be 75.05 m. In summary, 

the measured height of caving zone is about 34 m, and 

the height of water flowing fractured zone is 75.05 m. By 

comparing the predicted results, it is found that the 

empirical formula calculation and analogy method both 

include the measured results, the prediction is basically 

accurate, but the accuracy is not high. Only the predicted 

results by combining the relevant rock pressure theory 

with the theoretical analysis of specific formation 

conditions in coal mines are accurate. The measured 

height of coal mine is 75.05 m, which is 3.3 m higher 

than that predicted by theoretical analysis, which is 
caused by the disturbance at the bottom of thick hard 

rock. 

Due to the existence of many factors, the accuracy 

of the results is not good enough. It can only be used as 

the reference data of the overburden fractures in coal 

mines. In order to accurately reflect the development of 

the fractures, the calculation of the empirical formula of 

the water flowing fractured zone and the calculation of 

the predicted results by the analogy method can only be 

used as the reference data. It must be analyzed in 

combination with specific geological occurrence 

conditions, and must be verified by field observation. 

However, the predicted results can provide reference 

data for the angle and depth of borehole arrangement, 

save manpower and material resources, and help to 

obtain accurate observation results. 

VI. CONCLUSION 

(1) By comparing the predicted results, it is found that 

both the empirical formula calculation and the analogical 

prediction result include the measured results, but the 

accuracy is not high and the error is relatively large. The 

prediction results obtained by the empirical formula are 

generally applicable to the mining mode for the blasting 

mining and the ordinary mining. The results obtained by 

the analogical prediction are more limited because of the 

different mining thickness and geological conditions. 

Rock pressure theory combined with the theoretical 

analysis of the specific formation conditions of coal 

mines can meet the requirements of coal mining 

protection because of the minimum error of the predicted 

results. 

(2) In order to more reasonably and effectively 

simulate the overlying rock movement and the damage 

characteristics of the fully mechanized caving mining 

field, a small experimental box is made to simulate the 

falling time of the simulated materials under different 

proportions, and the simulated materials with reasonable 

strength of coal gangue, sand and cementation are 

obtained, thus effectively simulating the water 

conducting fissure zone under the condition of fully 

mechanized caving in Xin'an coal mine, it provides a 

scientific and reliable basis for the prevention and 

control of water damage in the fully mechanized caving 

face under the shallow Quaternary loose stratum, the 

raising of the upper limit of mining and the realization of 

safe production. 

(3) The development height of the water-conducting 

fissure zone is measured by the monitoring system. The 

leakage has experienced the process of stabilization, 

sudden increase, sudden decrease and dynamic stability. 

The damage degree of the water conducting fissure zone 

is not smaller as the distance is farther away the working 

face, but it is related to the properties of the rock strata in 

various positions, showing a different degree of damage. 
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