
ORIGINAL PAPER

Numerical Study on Stress Relief and Fracture Distribution
Law of Floor in Short-Distance Coal Seams Mining: A Case
Study

Chunlei Zhang . Ruimin Feng . Xibin Zhang . Wei Shen

Received: 12 May 2020 / Accepted: 3 August 2020 / Published online: 19 August 2020

� Springer Nature Switzerland AG 2020

Abstract During the mining process of short dis-

tance coal seams group with high gas content,

excavation of the protective coal seam will result in

stress relief and fracture development which provides

pathways for gas migration. Gas stored in the lower

coal seam moves along the mining-induced fracture to

the floor of the upper working face, which may cause

the gas over-limit at the upper coal seam. This paper

takes the short distance coal seams group in Xinghua

coal mine as an example, theoretical analysis, numer-

ical simulation and field monitoring are

comprehensively applied to study the floor failure

mechanism, pressure relief law and dynamic evolution

of cracks induced by the mining of the second-right

working face. The results showed that as the upper

coal seam gradually advances, the pressure relief angle

of roof and floor gradually decreases, and the pressure

relief range and floor failure depth gradually increase.

After the working face of the upper coal seam is

advanced 100 m, the range of the pressure relief in the

surrounding coal and rock masses approaches stable;

the cracks in the shallow depth are mainly with small

angles or type II shear cracks, and the cracks in the

large depth are mainly shear-expansion with lager

angles, and the amount of fractures in the floor reduces

with the increase of the depth of the floor. It was found

that the mining-induced fractures in the floor is

distributed in the shape of an ‘‘O’’ ring, and as the

working face advances, the range of this ‘‘O’’-shaped

crack circle keeps moving forward but the width of the

crack circle is basically unchanged. Finally, the low-

level drilling field was used to control the gas from

lower coal seams according to the stress relief and

fracture distribution law, which achieved satisfied

application effect and provided guidance for mine gas

extraction in similar mining conditions.
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1 Introduction

Approximately 92% of coal production in China is

from underground mining, with an average mining

depth of more than 600 m, and the mining depth is still

extending downward at a rate of 30–50 m per year (Li

et al. 2014; Kong et al. 2019). The underground coal

seam occurrence and mining conditions are compli-

cated, and the gas content is generally high. With the

increase of the mining depth, the in situ stress, gas

pressure and gas content increase significantly, and the

possibility of mining being threatened by dynamic

disasters such as coal and gas outburst increases,

becoming an urgent issue to solve in the deep coal

seam mining (Li et al. 2014; Yang et al. 2011; Zhang

2017). Aiming at the problems of low coal seam

permeability, poor drainage effect, and coal and gas

outburst in China, theoretical research and mining

practice showed that the pressure relief mining on

protective layers and three-dimensional gas drainage

technology can effectively prevent coal and gas

outburst (Zhang 2017; Wang et al. 2017). The

protective layer mining is capable of changing the

stress state and gas dynamic state of the adjacent coal

seams, and reducing the pressure of the protected coal

seams (Noack 1998; Dı́az and González 2007). It is

beneficial for the gas flow and desorption of protected

coal seam, thereby achieving the purpose of alleviat-

ing or preventing coal and gas outburst.

To the best of our knowledge, the mining-induced

redistribution of the stress field leads to the initiation

and growth of pre-existing cracks, and potentially

creates a fractured zone with high conductivity around

the excavations (Zhang and Zhang 2016; Lu andWang

2015). This fractured zone provides pathways for gas

and confined water migration, which reduces the

effective stresses by increasing the pore pressure in

rock strata and in turn further promotes the fracture

development (Levasseur et al. 2010; Zhu and Bruhns

2008). During the excavation of short-distance coal

seams group with high gas content, and the gas in the

lower coal seam moves along the mining-induced

fractures in the floor to the upper working face, which

will cause the gas over-limit at upper corner. Hence,

both gas from protective and protected coal seams

must be treated simultaneously. It is necessary to lay

out drillings in these regions to stop the methane from

flowing into the coal face (Flores 1998). Therefore, it

is of great significance to study the pressure relief and

fracture evolution law of the surrounding rock mass

during the mining of high gas-content coal seams, for

the accurate layout of gas drainage drilling sites and

the improvement of gas drainage efficiency.

A lot of research has been conducted on pressure

relief and fracture evolution law regarding surround-

ing rock. Numerical simulation is an effective method

for addressing the gas and fracture issues in coal mines

but specific features should be considered (Lu and

Wang 2015). For a better understanding of pressure

relief and fracture development processes, numerous

numerical simulations on pressure relief and fracture

development during mining processes have been

performed with different numerical methods, such as

FLAC3D, UDEC, 3DEC, and RFPA (Li 2003). For

example, Zhang et al. (2018) established two FLAC3D

models with dynamic gob loading characteristics to

analyze the effect of gob behavior in the protective

coal seam layer on stress relief in the protected coal

seam. Li et al. (2018) studied the crack propagation

mechanisms and stress evolution of the floor under

dynamic disturbance in deep coal mining through

3DEC simulation models, and found that the stress in

the bottom effect zone increases nonlinearly with the

increasing dynamic disturbance intensity. Zhu et al.

(2013) presented a coupled process-based numerical

model for mining excavation to analyze the in situ

pore pressure change. RFPA is a numerical testing tool

for realistic failure process analysis of rock, concrete,

composites, and engineering structures. Li et al.

(2012) have conducted various RFPA numerical

simulations to study the opening-mode fracture initi-

ation and propagation perpendicular to the bedding

planes in sedimentary rocks.

Physical simulation is another method widely used

to investigate stress distribution and fracture evolution

during the excavation of coal seam. Cheng et al.

(2016) found that the evolution characteristics of the

superimposed mining-induced stress-fissure field were

different from the ones of the single coal seam mining

by physical models. Li et al. (2016) studied the

influence of the monolayer mining and repeated

mining on overlying strata movement, fracture distri-

bution and evolution laws, characteristics of abutment

pressure distribution and mining-induced fissure ellip-

tic paraboloid zone through physical similarity simu-

lation experiments and theoretical analysis.

Field measurements have also been found to be

relatively effective in solving mining-induced
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problems, such as the borehole strain method, the

borehole ultrasonic imaging method, and the CT

electronic imaging method (Hu et al. 2019). Liu et al.

(2009) detected the evolution of water conducting

fractures in coal seam floors by applying 3D electrical

resistivity, which is a method capable of presenting the

failure mode of coal seam floor in mining process.

Zhang and Liu (2004) applied the CT technique of

seismic wave to detect the overburden failure dynam-

ically with face advance. Peng et al. (2010) used the

borehole camera method to study the mining-induced

fracture field under high strength mining conditions,

and discussed the relationship of gas pressure with

mining-induced fracture distribution. The disadvan-

tage of field monitoring methods is that these require a

large amount of site investment and complex con-

struction processes and cannot be used to generate

effective predictive data before mining.

However, most of the previous studies are focused

on the coal seam roof, and few studies have been

conducted on the floor. It is still required to conduct

research on the mining pressure relief range and crack

distribution of the coal seam roof and floor under

specific engineering geological conditions. Taking a

specific coal mine in China as an example, this paper

aims at addressing the issue of large gas emission

during the mining of high gas coal seams in the

second-right working face of #28 coal seam in

Xinghua Coal Mine. A combined method of theoret-

ical calculations, numerical simulations and field

measurement are used to analyze the pressure relief

rules and fracture evolution law of the coal seam floor

during the excavation of the upper protective coal

seam. The research results will provide a basis for the

gas drainage design, and solve the issues regarding gas

concentration for Xinghua coal mine, which provides

a guidance in gas control for the coal mines with

similar mining or geological conditions.

2 Engineering Background

The case working face is located in #28 coal seam,

which is in the second panel of the west part. It has a

strike length of 560 m and an inclined length of

200 m. The average thickness of the coal seam is

1.2 m and its inclination angle is 2�. #27 coal seam is

approximately 0.5 m above the #28 coal seam. As

shown in Fig. 1, 6–8 m and 22 m below #28 coal seam

are #30 and #31 coal seam, respectively. The absolute

and relative gas emission rate in the working face area

is 70 m3/min and 51 m3/t. Field observation indicated

that during the excavation of #28 coal seam, the

absolute gas emission rate of this layer and the upper

#27 coal seam is 30–40 m3/min, and the gas emission

of the lower #30 and #31 coal seam is about 40 m3/

min. Due to the large amount of gas emission from the

working face, a special gas gateway was driven. When

mining the second-right working face of the layer #28,

the high-level drainage tailings and high-level drilling

fields reserved in goaf can only effectively drain the

gas in the gob of this coal seam. For the overflow gas

from the coal seams below #28 coal seam, enhanced

gas drainage measures must be adopted to reduce the

gas content. Therefore, it is necessary to determine the

mining pressure relief range and gas accumulation law

of the floor, and then provide a design basis for the gas

drainage project.

3 Theoretical Analysis of the Floor Failure Depth

During the mining of coal seams group, the mining of

adjacent coal seams will affect each other, especially

when the distance between two coal seams is close, the

Fig. 1 Stratigraphic column of Xinghua coal mine
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roof of the lower coal seam will be affected by the

mining of the upper coal seam to different degrees of

damage and destruction (Peng et al. 2019). Therefore,

the overburden migration and mining-induced stress

redistribution caused by the mining of lower coal

seams are different from those of single coal seam

mining. In the appendix of China’s ‘‘Safety Regulation

for Coal Mining’’ (2016), the short-distance coal

seams are interpreted as ‘‘coal seams that are close and

have a great influence on each other during mining.’’

Literature (Zhang et al. 2005) states that when hf
(distance between two coal seams) satisfies hf
B h (floor failure depth after excavation), the coal

seam group is a close-range coal seam group.

In the case study coal mine, #28 coal seam was

excavated firstly, then its influence area below it was

studied. According to the Mohr–Coulomb failure

criterion, the maximum failure depth (hmax) of the

floor is determined by the following formula (Zhang

2008):

hmax ¼
1:57c2H2Lx

4b2r2c
ð1Þ

The maximum floor depth (hmax) can also be

obtained by the empirical prediction formula (Wang

et al. 2010):

hmax2 ¼ 0:0113H þ 6:25 lnðLx=40Þ
þ 2:52 lnðM=1:48Þ ð2Þ

where Lx is the working face width, rc is the average
uniaxial compressive strength of the floor, H is the

average mining depth, c is the average bulk density, b
is the influence coefficient of rock mass joints, and

M is the mining height. According to the mining

condition of the case coal mine, the parameters

obtained for the case mine are given as: Lx = 200 m,

rc = 60 Mpa, H = 620 m, b = 0.7, and M = 1.2 m.

From Eq (1), it can be seen that the floor failure

depth is positively proportional to the mining depth

and the working face width. By substituting the

parameters into Eqs. (1) and (2), the maximum failure

depth of the floor is 10.60 and 16.48 m, respectively,

which exceed the distance between #28 coal seam and

#30 coal seam. It indicates that the excavation of #28

coal seam caused damage to the #28 coal seam floor

and #30 coal seam.

4 Stress and Displacement Distribution in Coal

Seam Floors

4.1 FLAC 3D Modeling

In this paper, FLAC3D modeling was firstly used to

investigate the stress and displacement distribution

around the excavation of #28 coal seam, especially in

the floor. The size of the model is 400 m (X) 9 500 m

(Y) 9 120 m (Z), A free top boundary is adopted by

the model but 7.5 MPa vertical stress is applied on the

top to represent the overburden, and meanwhile all

displacements on the bottom and the horizontal

directions are restricted. As shown in Fig. 2, the

working face advances in the X direction (from left to

the right). The face width and length in the model is

100 and 200 m, respectively. Mohr–Coulomb

mechanical criterion is applied in the model and the

rock mechanics parameters used are listed in Table 1.

With the advancement of the working face, the

stress in the roof and floor of the #28 coal seam was

redistributed. From Fig. 2a, it can be seen that the

stress reduction zone appears on the roof and floor

when the working face is advanced 30 m. Taking the

stress variation coefficient k = 0.4 as the pressure

relief boundary (Zhang et al. 2018), the definition of

pressure relief angle can be referred to Zhang et al.

(2018), the pressure relief angle of the roof is 72� and
the pressure relief height is 20 m. The pressure relief

angle of the floor is 69� and the pressure depth is 20 m.

It has had a great impact on the lower 30# coal seam.

As shown in Fig. 2b–d, with the further advance of the

working face, the range of stress reduction zones of

surrounding rockmass gradually expands, the pressure

relief angle gradually decreases, and the pressure relief

depth increases. When the working face is advanced to

60 m, the pressure relief angle of the roof is 68�, the
pressure relief height reaches 26 m, the pressure relief

angle of the floor is 70�, and the pressure relief depth

has exceeded the floor of 31# coal seam. After driving

the working face for 100 m, the mining-induced

pressure relief ranges of the surrounding rock masses

have generally stabilized. The pressure relief angles of

the roof and floor are 63� and 67�, respectively. And
the pressure relief height reaches 31 m. It means that

the excavation of #28 coal seam working face can

release pressure of the coal seam above and below it.

By analyzing the plastic zone of the surrounding

rock mass during the excavation of #28 coal seam, it is
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found that the damage range of the roof and floor

increases with the working face advancing. When the

working face is advanced 30 m, the plastic deforma-

tion height of roof is about 10 m, and the plastic

deformation depth of the floor is about 9.5 m. Most of

the lower #30 coal seam has been damaged due to

shear failure; when the coal seam is excavated for

60 m, the plastic deformation height of the roof has

reached 17.5 m and the tensile failure is the dominated

failure mode. Shear failure occurs in the immediate

floor of the #30 coal seam, while partial damage

occurs in the lower #31 coal seam. This is because the

strength of the coal is small and the shear deformation

occurs under the influence of the mining-induced

stress. When the working face advances to 100 m, the

roof plastic deformation height is about 22.5 m, and
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Fig. 2 The stress distribution of floor for different face advance of #28 coal seam

Table 1 The coal and rock mechanics parameters used during FLAC 3D modeling

Lithology Density

(kg/m3)

Bulk modulus

(GPa)

Shear modulus

(GPa)

Cohesion

(MPa)

Tensile strength

(MPa)

Internal friction angle

(�)

Medium

sandstone

2500 6.2 4.9 10 4.5 42

Fine sandstone 2600 2.5 2.0 5.6 1.2 30

Shale 2560 2.96 1.39 3.2 2.1 29

#28 Coal seam 1350 1.5 0.5 0.6 0.2 20

Mudstone 2200 1.8 1.0 1.2 0.6 18

#30 Coal seam 1350 1.5 0.5 0.6 0.2 20

Sandstone 2200 2.0 1.2 1.4 0.8 19

#31 Coal seam 1350 1.5 0.5 0.6 0.2 20

Fine sandstone 2500 6.5 4.9 12 4.7 43
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the floor plastic deformation depth is still about 11.5 m

(as shown in Fig. 3). And shear plastic deformation

has occurred in most part of #31 coal seam. When he

working face continues to advance, the plastic defor-

mation depth of the roof and floor no longer increase.

4.2 Pressure Relief Characteristics

Figure 4 shows the displacement and stress variation

of #30 coal seam in the central of #28 coal seam gob

floor after 100 m face advance of #28 coal seam. From

the monitoring results of the vertical displacement of

the #30 coal seam, it can be seen that when the

working face advances to the middle position of the

model, the displacement and vertical stress of the #30

coal seam get increased. When the model runs to 1570

time steps, the vertical compression displacement of

#30 coal seam at the x = 0 position in the middle of the

gob reaches a maximum of- 7.3 cm; when running to

1830 time steps, the vertical stress of the 30# coal

seam at the x = 0 position reaches the maximum value

of - 13 Mpa; and then the displacement and stress of

the coal seam decrease rapidly with the time step

increasing. After running 2600 time steps, the vertical

displacement stabilizes at - 2.5 cm and the vertical

stress stabilizes at - 0.1 Mpa (Fig. 4).

As shown in Fig. 5, from the stress distribution of

the #30 coal seam floor after 120 m face advance, it

can be known that the peak value of the vertical stress

of the #30 coal seam is about 12 m ahead of the

working face, and the stress concentration factor is 1.7.

The vertical stress decreases to the minimum value

5 MPa at 12 m behind the working face, and then

basically stabilized at this stress to the back of the

goaf. The stress syy value along the inclination of the

working face does not change much, and its change

trend is basically the same as the vertical stress, but its

stable value is greater than the vertical stress. The

change trend of the stress sxx along the advancing

direction of the working face is different from the

vertical stress, reaching a minimum value of about

2 MPa at about 4 m in front of the working face (8 m

behind the peak of vertical stress), and the stress

increases to 3 MPa at 4 m behind the coal face, and

then stabilized at about 0.2 MPa. The change law of

stress sxx reflects the deformation and flow process of

the coal seam in the floor to the gob side under the

influence of vertical stress.

Figure 6 shows the displacement distribution of

#30 coal seam after 120 m face advance of #28 coal

seam. It can be seen from Fig. 6 that the vertical

displacement distribution of #30 coal seam is consis-

tent with its vertical stress distribution. The vertical

displacement reaches its maximum at about 14 m

ahead of the working face, which is about - 5.7 cm,

the vertical displacement continued to decrease

toward the goaf, and the minimum displacement is

about 1 mm at about 28 m behind the coal face. The

Block State
  Plane: on

None
shear-n shear-p
shear-n shear-p tension-p
shear-p
tension-n tension-p
tension-p

Fig. 3 Plastic zone distribution for 100 m face advance
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displacement of y-dis along the inclined direction of

the working face remains unchanged; the displace-

ment x-dis along the working face advancing direction

begins to decrease from 16 m in front of the working

face. It becomes positive at 4 m behind the working

face, which indicates that the coal seam is deformed to

the side of the goaf, but it becomes negative again

under the pressure of the collapsed rock mass at about

24 m behind the coal face.

5 Fracture Evolution Law of Coal and Rock Mass

in the Floor

Based on the theoretical characteristics of discrete

element method, UDEC software can simulate the

discontinuous medium of coal and rock mass with

joints and fractures. It can reflect the distribution rules

of fractures through the movement and failure of

surrounding rock under the influence of mining and

achieve a better effect on the evolution regularity of

Fig. 4 Displacement, stress change of #30 coal seam in the central of #28 coal seam gob floor after 100 m face advance of # 28 coal

seam

Fig. 5 Stress distribution of #30 coal seam after 120 m face advance of #28 coal seam
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surrounding rock fractures under the influence of coal

mining (Zhang 2017). So UDEC numerical simulation

software was used to simulate the fracture develop-

ment characteristics of floor rock mass and #30 coal

seam during the excavation of #28 coal seam. The

simulation assumes that there are pre-existing fissures

distributed in all directions of the coal seam, and

establishes random joints in the lower coal seam (in

the floor of #28 coal seam) of model. However, due to

the high strength of the floor rock layer, the crack

direction in which the expansion occurs is the same as

the principal stress direction, and it is mainly dis-

tributed vertically and horizontally. Hence, only the

vertical and horizontal joints are established in the

model.

After the excavation of #28 coal seam, the stress of

the coal and rock mass in the floor will be redis-

tributed. As is shown in Fig. 7, due to the advanced

abutment pressure of the working face, a certain range

of the coal and rock mass of the floor in front of the

working face is in the compression zone, and the coal

rock mass in this area is affected by the vertical stress.

The main failure modes are compression and shear

failure. The pre-existing fractures and cracks are often

compacted. The permeability of the surrounding rock

mass is reduced under compression, but under the

mining-induced high stress, tensile extension cracks in

the direction of the principal stresses initialize and

expand. From the peak value of the vertical stress in

front of the working face to the vertical stress reduced

to the level of confining pressure behind the mined-out

area is the transition zone of the floor. In this range, the

vertical stress is continuously reduced while the

confining pressure remains relatively stable. It can

be regarded as an unloading process of the vertical

stress. Expansion cracks is dominated by sliding in this

range. From the vertical stress reduced to the level of

confining pressure behind the coal face to the edge of

compaction zone in gob is in decompression area. This

area can be regarded as the decompression zone. The

coal and rock mass in this zone changes from a high

stress area to a low stress area, and the state changes

Fig. 6 Displacement distribution of #30 coal seam after 120 m face advance of #28 coal seam

σ1 σ1σ3 σ1
σ3

σ3 

σ140
#28 Coal seam

#30 Coal seam

compression 
zone

decompression 
zone

re-compaction 
zone

-40 4-8 transition 
zone σ3

Fig. 7 Mechanical characteristics and division of floor coal and rock (Zhang et al. 2015)
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from a compressed state to an expanded state. Tensile

failure will occur, and then result in floor heave. The

bedding fracture along the rock layer and vertical

penetration cracks will be generated, increasing the

permeability coefficient of surrounding rock mass. In

the back of the decompression zone is the re-

compaction zone. The collapsed strata in the com-

pacted area behind the goaf are compacted by

overlying strata, leading to the increased vertical

stress in coal and rock mass of the floor within this

range. The rock mass changes from the expanded state

to the compacted state, and the open cracks are

compacted again.

Figure 8 shows cracks development characteristics

of the floor coal and rock mass. From the simulation

results, it can be seen that when the working face

advances 20 m, the coal and rock mass in the gob area

undergoes expansion deformation. Tensile cracks

develop in floor coal in the middle of the goaf area,

and the crack development angle is mostly horizontal

or slightly inclined. Penetrating vertical cracks are

mainly developed in interval layers. The first roof

caving occurs when the working face advances 40 m,

and the coal fractures in the middle of the mined-out

area continue to develop, the fracture extension range

increases, and the bedding layer open cracks appear in

the interval rock layer. When the working face

advances for 60 m, the collapse of the roof in the

mined-out area compacts and the open crack in the

middle of floor is closed. The fissure development area

exists only behind the coal wall and near the open-off

cut area. At this time, the development characteristics

of the coal seam in the goaf are roughly divided into

three areas: the fractured zone, from the face to 30 m

back of the goaf; the compacted zone, about 15 m in

the middle of the goaf; and the fissure development

area, about 20 m near the open-off cut. After 80 m

face advance, the fissure development area of the floor

moves forward with the advancement of the working

face, but the width of the fissure development area

remains basically stable, and the scope of the crack

compaction area in the middle of the goaf is expanded.

The area of the fissure development area near the

open-off cut side is basically unchanged. It can be seen

that the development zone of mining-induced pressure

relief fractures in the floor is also distributed in an ‘‘O’’

circle shape. The width of this ‘‘O’’ circle near the coal

face is about 30 m, and the width in the open-off cut

area is about 20 m, the range of this ‘‘O’’ circle moves

forward as the working face advances while the width

of the crack circle is basically unchanged, as shown in

Fig. 8.

After 80 m face advance, the Cracks’ angle distri-

butions in different depth of floor is shown in Table 2.

(a) 20m face advance

(c)

(b) 40m face advance

60m face advance (d) 80m face advance

Fig. 8 Cracks development

characteristic of floor coal

and rock mass during coal

seam excavation

123

Geotech Geol Eng (2021) 39:437–450 445



It is known that there are 37 cracks at a depth of 0–2 m,

and a total of 14 cracks with an inclination angle less

than or equal to 30� account for 37.84%. A total of 5

cracks of 31�–45� account for 13.51%, a total of 5

cracks of 46�–60� account for 13.51%, a total of 6

cracks of 61�–75� account for 16.22%, and there are 7

cracks with an inclination of 76�–90�, accounting for

18.92%. Cracks with an inclination angle of less than

45� account for 51.35%,which is more than half total

cracks.

A total of 40 cracks were obtained from the depth of

2–4 m. Among them, 171 cracks with an inclination

angle less or equal to 30� account for 42.5%, and 7

cracks with an inclination angle of 31�–45� account

for 17.50%, a total of 5 cracks with an inclination

angle of 46�–60� account for 12.50%, a total of 4

cracks with an inclination angle of 61�–75� account

for 10.00%, and a total of 7 cracks with an inclination

angle of 76�–90� account for 17.50%. Cracks with an

inclination angle of less than 45� account for 60.0%,

which is more than half of total cracks.

A total of 20 cracks were obtained from the depth of

4–6 m. Among them, 9 cracks with an inclination

angle less or equal to 30� account for 45%, and 2

cracks with an inclination angle of 31�–45� account

for 10%, a total of 2 cracks with an inclination angle of

46�–60� account for 10%, a total of 2 cracks with an

inclination angle of 61�–75� account for 10%, and a

total of 2 cracks with an inclination angle of 76�–90�
account for 10%. Cracks with an inclination angle of

less than 45� account for 55%, which is more than half

of total cracks.

A total of 10 cracks were obtained from the depth of

6–8 m. Among them, 3 cracks with an inclination

angle less or equal to 30� account for 30%, and 1

cracks with an inclination angle of 31�–45� account

for 10%, a total of 1 cracks with an inclination angle of

46�–60� account for 10%, a total of 5 cracks with an

inclination angle of 61�–75� account for 50%, and

there is no crack with an inclination angle of 76�–90�.
Cracks with an inclination angle of more than 45� is
more than half of total cracks.

A total of 5 cracks were obtained from the depth of

8–10 m. Among them, there is no crack with an

inclination angle less or equal to 30�, and 1 cracks with
an inclination angle of 31�–45� account for 20%, a

total of 2 cracks with an inclination angle of 46�–60�
account for 40%, only 1 crack with an inclination

angle of 61�–75� account for 20%, and the number of

crack with an inclination angle of 76�–90� is also 1.

Cracks with an inclination angle of more than 45� is
more than half of total cracks.

It can be seen from the distribution characteristics

of the floor fissures after 80 m face advance that the

number of cracks gradually decreases with the

increase of the floor depth until it no longer develops

(Fig. 9). In the shallow part of the floor, tensile cracks

or mode II shear cracks with a small inclination angle

are dominant, while in the deep part, compression-

shear cracks with a large inclination angle are

dominant. This is consistent with the mechanism

analysis of crack propagation in coal and rock mass.

The horizontal deformation of the coal and rock mass

in the deep part of the floor is restricted by the

surrounding rock, and the crack propagation direction

is the same as the principal stress direction while in the

shallow part, the vertical stress decreases and the

restrict from horizontal surrounding rock weakens,

and the crack propagation is mainly expansion and

shear mode.

Table 2 Cracks’ angle

distributions in different

depth of floor

Angle Depth

0–2 m 2–4 m 4–6 m 6–8 m 8–10 m

Qty % Qty % Qty % Qty % Qty %

B 30� 14 37.84 17 42.5 9 45 3 30 0 0

31�–45� 5 13.51 7 17.5 2 10 1 10 1 20

46�–60� 5 13.51 5 12.5 2 10 1 10 2 40

61�–75� 6 16.22 4 10 2 10 5 50 1 20

76�–90� 7 18.92 7 17.5 5 25 0 0 1 20

Total Qty 37 40 20 10 5
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6 Field Measurement

Through drilling and inspecting the floor coal and rock

mass in the field, the development characteristics of

the macro-cracks of the coal and rock mass at different

depths of floor in the abutment zone of the working

face were studied. Floor drillings are arranged at 30,

10, and 5 m in front of the second-right working face

of the 28# coal seam in Xinghua Coal Mine. The

drilling depths are 4.5, 2.5, and 1.8 m. The TYGD10

rock formation drilling detector was used to detect the

drilling of the floor (Peng et al. 2010). The crack

development, deformation and failure characteristics

of the floor coal and rock mass at different positions

and depths in front of the working face were obtained

(Figs. 10, 11, 12).

The results in Figs. 10, 11 and 12 show that as the

distance from the working face decreases, the degree

of damage to the floor coal and rock mass continues to

increase. There are fewer cracks in the floor at 30 m in

front of the working face, but the cracks can be clearly

observed in the 10 m drilling hole in front of the

working face. The floor coal and rock mass at 5 m in

front of the working face becomes broken. It is shown

that with the decrease of distance from the coal face,

the floor coal and rock mass has undergone the

processes of compressive and tensile crack growth,

reverse slip crack growth, and expansion shear crack

Fig. 9 The relationship between fracture’ quantity and depth of floor after 80 m face advance

(c)

(a) 3.7m (b) 3.1m (c) 2.4m

1.5m (e) 0.7m (f) 0.3m

Fig. 10 Imaging of the floor borehole at 30 m ahead of the face
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growth. The cracks continue to develop and the coal

and rock mass damage is intensified. Cracks develop-

ment in the shallow part of the floor is more serious

than those in the deep part of the floor. The vertical

cracks are dominated in the deep part of the borehole,

while the bedding cracks and comprehensive con-

nected cracks are dominated in the shallow part of the

borehole. The field monitoring results are completely

in agreement with the numerical simulation results,

which verifies the crack propagation mechanism

obtained from the simulation.

7 Gas Drainage Scheme

In order to solve the problem of gas over-limit caused

by the gas overflow from the floor to the working face,

a sloped lane in the intake airflow roadway was

constructed from the floor of the second-right working

face in #28 coal seam to the roof of #30 coal seam

which is 200 m ahead of the coal face, then a 15 m

long and 5 m wide drilling site along the #30 coal

seam roof was built for drainage of gas released from

#30 coal seam and #31 coal seam (Fig. 13). 16

(a) 2.3m (b) 1.9m (c) 1.6m

(d) 1.1m (e) 0.6m (f) 0.3m

Fig. 11 Imaging of the

floor borehole at 10 m ahead

of the face

(a) 1.6m (b) 1.5m (c) 1.3m

(d) 0.7m (e) 0.4m (f) 0.2m

Fig. 12 Imaging of the floor borehole at 5 m ahead the face
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horizontal boreholes were arranged in the drilling

field, with a length of 260–300 m for each borehole,

and after a spacing of 200 m was the second drilling

site. Stubble length of borehole was greater than 40 m.

After the project was implemented, the burden of gas

discharge on the working face was greatly reduced,

gas concentration on the working face and the return

airflow roadway was not exceeded, and the production

capacity of the working face was improved. The gas

extraction volume of the drainage pump reached

43 m3/min, and the gas drainage rate reached 54% (as

shown in Fig. 14), and the comprehensive treatment

effect was effective.

8 Conclusions

1. Based on different theoretical calculations, the

floor failure depth after the excavation of # 28 coal

seam is 10.6 and 16.48 m, respectively, which

indicates that the impact range of the mining of the

# 28 coal seam has included # 30 coal seam and #

31 coal seam;

2. The FLAC3D numerical simulation results show

that as the upper coal seam gradually advances,

the pressure relief angle of roof and floor gradually

decreases, and the pressure relief range gradually

increases. After the working face is advanced for

100 m, the range of pressure relief for surrounding

coal and rock masses on roof and floor has

approximately been stable. And shear failure is the

dominant form of coal seam floor. The change law

of stress Sxx reflects the deformation and flow

process of floor to gob side under the influence of

vertical stress.

3. The distribution laws of crack angle at different

depths of floor and the relationship between floor

depth and fracture number are acquired through

UDEC simulation software and field monitoring,

the results show that the number of fractures in the

floor decreases with the depth of the floor until it is

no longer developed. The cracks in the shallow

depth are mainly with small angle or II type shear

crack, and the cracks in the large depth are mainly

shear-expansion with lager angle. The mining-

induced fractures in the floor is distributed in the

shape of an ‘‘O’’ ring. As the working face

advances, the range of this ‘‘O’’-shape crack circle

keeps moving forward but the width of the crack

circle is basically unchanged.

4. Based on the analysis of floor failure regularity,

pressure relief laws, and field practical experience,

the low-drilling field were set up for the gas

control of 30 # and 31 # coal seam. Good gas

management results were achieved.

Fig. 13 Low gas extraction drilling field

Fig. 14 Extraction effect of

discharging pressure coal

seam gas
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