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Abstract In view of the serious local deformation of

roadway in close coal seam mining, the seismic

computed tomography (CT) and spatio-temporal evo-

lution of microseismic were comprehensively inves-

tigated in this study. The static coal load and dynamic

load disturbance were used to reveal the local large

deformation mechanism of the mining roadway with

coal pillars in close and multi coal seams. The result of

this study showed that CT could accurately detect the

static load stress concentration area, which was mainly

located in the zone that was comprehensively influ-

enced by overlying coal pillars, side abutment pres-

sure, and pilot support pressure. The overlying coal

pillar was the main influencing factor. In the

Xinzhouyao mine, the static load stress concentration

area detected by CT and the dynamic load disturbance

concentration area detected by the microseismic

spatio-temporal law were consistent with the roadway

deformation position. According to the comprehen-

sive theoretical model study, the main influencing

factors of the local large deformation of the roadway

were the static load stress concentration caused by the

overlying coal pillar and the dynamic load disturbance

caused by the fracture and slippage of the overlying

coal pillar and roof under the influence of mining. The

superposition of dynamic load disturbance and static

load concentrated stress caused large deformation of

the roadway, of which the static load stress concen-

tration was the main influencing factor. The conclu-

sions of this study can guide the determination of the

risk zone of rock burst under similar conditions.

Keywords Multi-coal mining � Coal pillar � Large
deformation of roadway � Microseismic monitoring �
Seismic computed tomography CT

1 Introduction

Large deformation of roadways has always been a

critical issue affecting the safety production of the coal

mine, which it is generally believed that it will only

occur in deep soft rock roadways. However, with the

development of multi-coal mining, large deformation

phenomena were observed in the roadway when the

lower coal seam was mined in shallow coal seams

(Gao 2018), and rock burst might be triggered in

localized areas (Zhao 2018; Sun 2019). The number of
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long-wall mining coal mines in China and around the

world is increasing rapidly (Mark 2007; Cartwright

1997; Tulu 2018). Therefore, it is urgent to study the

mechanism of large deformation of roadway with coal

pillars in close coal seam mining.

At present, the research on the large deformation of

roadway is mainly focused on deep and single coal

seam mining. The deformation mechanism of deep

soft rock roadway has been studied from the perspec-

tives of theory (Yang 2013; Qing-bin 2013), numerical

simulation (Chen 2011; Yang 2017), similar material

simulation (Li 2015), and field measurement (Li

2019). The measures to control the deformation of

deep soft rock roadway have been also studied (Wang

2017; Yan 2012; Liu 2018). These theories and

practices have accelerated the study of the deforma-

tion mechanism of roadways. However, for the first

coal seam to be mined, the vertical and horizontal

stress components at any given depth are generally

considered to be relatively uniform in the mine zone,

and the fracture of the roof is also periodic. In addition,

the deformation of the roadway is very common

throughout the roadway. Close and multi-coal seam

refers to that the upper coal seam mining can produce

pressure relief, stress concentration and secondary

dynamic load disturbance to the lower coal seam. The

stress and roof fracture pattern are not consistent with

the single coal seam when mining the lower coal seam

in close multiple coal seams, which is closely related

to the coal seam structure under the condition of close

multi-coal seams mining. Therefore, the mechanism

of large deformation of deep soft rock roadway cannot

fully explain the large deformation of roadway caused

by coal mining in the shallow multi-coal seam with

coal pillars.

In recent years, many scientists have conducted a

series of fruitful research on roadway deformation and

mine pressure induced by coal pillars under multi-coal

mining conditions. Jiang Fuxing () concluded that the

stress concentration caused by the overlying coal

pillars was an important cause of the instability of the

lower coal seam by conducting stress analysis on the

coal pillars in multi-coal mining. Wang Cunwen

(2009) put forward that the coal pillar was the

fundamental cause of induced impact deformation

via the establishment of the structural mechanics

model of island coal pillars. Focusing on the dynamic

strata pressure caused by coal pillar, Ju jinfeng (2010)

analyzed the stability of key block structure above the

coal pillar and combined similar simulation experi-

ments, concluded that the failure of the lower key

block caused by the instability of the three-hinged

structure above the coal pillar was the main reason for

the dynamic load pressure. Regarding the dynamic

strata pressure caused by the small coal pillars left by

the room mining, Zhu (2017) believed that the stress

caused by the instability of large-area small coal

pillars caused by the rotation of the critical layer of the

coal pillars was the main reason for the occurrence of

dynamic strata pressure by experiment and numerical

simulation. These studies provide a reference for

revealing the mechanism of roadway deformation and

rock burst caused by mining coal pillars in close

multiple coal seam.

In summary, previous studies focused on the stress

distribution law and the roadway deformation mech-

anism of coal pillars in close multiple coal seams but

the mechanism of large deformation of coal roadway

from the perspective of static stress concentration and

dynamic disturbance is still remaining to be

researched. According to the inversion results of on-

site seismic computed tomography CT and the

microseismic temporal-spatial evolution, the large

deformation law of roadway was studied from the

perspectives of static load stress concentration and

dynamic strata disturbance. The theoretical model of

roadway deformation in coal mining with close

multiple coal seams was summarized, which reveals

the mechanism of large deformation of roadway in

coal mining with close multiple coal seams.

2 Project Overview

The Xinzhouyao mine is located in the Datong mining

area of Shanxi Province with a primary mineable coal

bed of Jurassic coal seam. From the top to bottom, the

main mining coal bed consists of 9, 11, and 14 # coal

seams with a buried depth of 100–300 m and a coal

seam spacing of 8–30 m, which is a typical close

multi-coal seam mine. In the eastern second and third

panel districts of Xinzhouyao mine, the 11 and 14 #

coal seams overlap, and a large number of irregular

coal pillars are left during the 11-2 # coal seammining

process. Influenced by the remaining coal pillars in

11-2 # coal seam, the deformation of the lower

roadway in 14-3 # coal seam is very serious, espe-

cially in the very busy working faces of 8312, 8310
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and 8308 in 14-3 # coal seam. In this work, the 8308

working face was selected as the research object.

The 8308 working face is located in the 14-3 # coal

seam of the eastern panel district of Xinzhouyao mine

with a nearly horizontal seam dip angle and a depth of

about 285 m. The top and bottom plates of the working

face are hard rock. The drilling column is shown in

Fig. 1. Two lanes were installed 8308 working face,

including 5308 track lane and 2308 belt lane, in which

the working surface was 883.57 m long and 131 m

wide. The west side of the lanes was the 8310 goaf

while the east side was the 8306 working face, and the

section coal pillar was 20 m wide. The working face

was about 30 m away from the 11-2 # coal seam. The

mining of 11-2 # coal seam was completed, and the

remained overlying coal pillars that affect the 8308

working face were numbered. The arrangement of

8308 working face and distribution of pillars are

shown in Fig. 2.

There was no obvious deformation in the belt lane

during the roadway excavation of the 8308 working

face, whereas the displacement of roadway sides and

floor heave of roadway were observed in the track

lane. When the track lane passed through the M1 and

M2 areas during the excavation, the deformation of the

roadway was more severe. The maximum displace-

ment of roadway sides reached more than 2 m, and the

single pillar reached 0.6 m at the deepest point of the

bottom coal. At the scene, the deformation area of the

track lane was repaired and expanded in time.

However, when the M1 and M2 areas were mined

from the working face, secondary deformation

occurred in the track lane with a potential rock burst.

The SOS microseismic monitoring system was

employed in Xinzhouyao mine, which accumulated a

large amount of microseismic data during the mining

on the 8308 working face. Through the deep analysis

of microseismic monitoring data, the law of static load

stress and dynamic load disturbance can be studied by

the seismic computed tomography CT stress detection

and the spatiotemporal evolution law of microseismic

events, respectively, by which the large deformation

mechanism of roadway in coal mining with close coal

seam can be revealed.

3 Analysis of Large Deformation, Static Load

Stress, and Dynamic Load Disturbance

of Roadway

3.1 Static Stress Detection of the CT Technology

The seismic computed tomography CT technology is

based on the microseismic monitoring data. The

tomographic imaging technique is used to obtain the

wave velocity in the inversion region of the working

surface (Pan Junfeng 2014; Hosseini 2012). The

seismic computed tomography CT technology has

the advantages of advanced detection and large-scale

detection, it has been widely used in the detection of

stress concentration areas and the assessment of the

risk of rock burst (Cao 2016; Cai 2014).The static load

stress concentration region is detected by the coupling

relationship between the stress and the longitudinal

wave velocity (Cao 2015; Wu 2016). The positive

anomaly coefficient of the longitudinal wave velocity

in this region is positively correlated with the stress.

The calculation formula is shown in the following

Eq. (1) (Dou Lin-ming 2014). The correlation

between the positive velocity coefficient and the stress

concentration is shown in Table 1. The following is the

mining of the seismic computed tomography detectionFig. 1 Column of coal and rock layers
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law of the 8308 working surface, which can be used to

study the main control factors of the large deformation

of the roadway under similar conditions.

An ¼
Vp �Va

p

Va
p

ð1Þ

wherein Vp and V
a
p represent the P wave velocity value

of a certain point in the inversion region and the

average value of the model wave velocity,

respectively.

The M1 and M2 areas with serious deformation of

the actual roadway in the 8308 working face were

selected as the research objects, and the inversions of

microseismic data before and after the mining in these

areas were performed. Specifically, the mining date

76 s of M1 and M2 areas were from December 5,

2017, to January 18, 2018, and February 5 to 28, 2018,

respectively. Figure 3 shows the anomaly coefficient

distribution of wave velocity obtained by the seismic

computed tomography CT technique.

Before the working face moved into the M1 area, a

large area of stress concentration appeared under the

coal pillar 1 within 100 m in front of the working face.

The positive anomaly coefficient of wave velocity

reached 0.2 near the adjacent roadway, which is

consistent with the large deformation area of the actual

roadway. As the working faces moved forward to the

position shown in Fig. 3b, the stress concentration

region moved forward at the same time with an

occurrence of a stress concentration region near the

coal pillar 2. According to Fig. 3a–c, the vicinity of

the M2 region was in a state of stress concentration for

a long time.When the working face was 50 m from the

M2 area, the positive anomaly coefficient of the wave

velocity reached 0.2 with severe deformation. At the

same time, a small-scale stress concentration occurred

at the junction area between the coal pillar 3 and the

2308 track lane, indicating that the concentrated coal

pillar is a high-stress concentration region. During the

mining of the M2 area, a large stress concentration

area appeared near the gob-side roadway within

150 m ahead, as shown in Fig. 3d. As the 8308

working face was gradually approaching the stop line,

the stress concentration area tended to shift to the east

side 8306 working face, but still appeared in the area

adjacent to the coal pillar.

By summarizing the characteristics of the above

patterns, it can be seen that the coal pillars in the

working face are mostly in stress concentration zones.

In addition, the stress concentration of the roadway

near gob is more obvious than that of the other

Fig. 2 Sketch map of 8308 working face and overlying pillars

Table 1 The relation between positive anomalies of wave

velocity and stress concentration

Indicators of

rock burst

Characteristics of

stress concentration

Positive anomalies of

wave velocity An

0 No \ 0.05

1 Mild 0.05–0.15

2 Moderate 0.15–0.25

3 Strong [ 0.25
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roadway. The stress concentration state changed

dynamically with the advancement of the working

face. At the same time, the area where the positive

velocity coefficient of the wave velocity exceeded 0.2

corresponded to the large deformation area of the

actual roadway.

3.2 Dynamic Load Disturbance Monitoring

Studies have shown that dynamic disturbance had an

important influence on large deformation of working

face and strata behaviors (Li 2017, 2018). The

microseismic monitoring system can conduct real-

time monitoring of microseismic events in the entire

mine and automatically record microseismic activi-

ties. Source location, time and energy of microseismic

events can be calculated at the same time. Provide a

basis for evaluating the degree of danger of strong

mineral pressure in the whole mine. High energy mine

earthquake event was a key indicator to evaluate high-

intensity dynamic load disturbance (He Xueqiu 2018).

According to the risky region of static stress concen-

tration obtained by seismic computed tomography CT

inversion, the dynamic disturbance was studied from

the perspective of spatial positioning of microseismic

data and evolution law of energy frequency.

3.2.1 Microseism Spatial Distribution Law

The original microseismic data ([ 1 9 104 J) during

the entire mining period of 8308 was divided into

different orders of magnitude for positioning research

(a) Before entering M1 area (b) Working face passed M1 area

(c) Before entering M2 area (d) Working face passed M2 area

(e) After the M2 area

Fig. 3 Distribution of wave velocity anomaly coefficient with different mining positions
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in three-dimensional space. Figure 4a, b shows the

plane location map of the microseismic event and the

vertical profile map along the 8308 working surface.

It can be seen from Fig. 4 that the distribution of

microseismic events on the horizontal section showed

a zoning phenomenon, which is concentrated in the

vicinity of the coal pillars and roadways near gob. The

most obvious occurrence of microseismic events

released energy above 105 J. On the striking profile,

the microseismic events mainly occurred in the 14-3

and 11-2 # coal seam roofs. The statistics of micro-

seismic events with various orders of magnitude

occurring in different horizons are shown in Table 2.

According to the analysis, the high energy events

([ 104 J) in 14-3 # coal seam floor, 14-3 # coal roof,

and 11-2 # coal roof accounted for 16, 43, and 41%,

respectively. This result indicated that the microseis-

mic event mainly occurred on the roofs of 14-3 # coal

seam and 11-2 # coal seam. The microseismic events

on the south side of the M2 area were mainly

distributed on the 11-2 # coal seam roof, while the

microseismic events on the north side of the M2 area

were distributed on the 11-2 # coal seam roof and the

14-3 # coal seam roof with a predominance on the

14-3 # coal seam roof.

According to the above analysis, it was found that

the microseismic event was closely related to the

remaining coal pillars in the overlying coal seam, and

the microseismic events mainly occurred in the 14-3

and 11-2 # coal seam roofs. Therefore, the microseis-

mic events were stratified and screened for analysis,

which were 11-2 and 14-3# coal seams and roofs. The

distribution law of microseismic events during the M1

and M2 mining periods, as well as the distribution

rules of the 14-3 and 11-2# coal seam roofs, were

analyzed. The spatial positioning results are shown in

Fig. 5.

During the M1 mining period, the microseismic

events were mainly concentrated under the coal pillar

1 and near the front of the coal pillar 2. Some

microseismic events were also distributed under the

coal pillar in the 8310 goaf. Comparing Fig. 5c and d,

the microseismic events were mainly distributed in the

vicinity of the coal pillars of the 11-2 # coal seam and

roof. Most of the microseismic events with more than

1 9 105 J occurred in front of the M1 area. At the

same time, compared the roadways on both sides of

Fig. 4 a Distribution of microseismic events in horizontal section. b Distribution of microseismic events in vertical section
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Table 2 Microseismic

events on different layers
Layers 14-3 # Coal seam floor 14-3 # Coal seam roof 11-2 # Coal seam roof

Energy (J)

1 9 104–1 9 105 60 147 130

1 9 105–1 9 106 2 17 24

[ 1 9 106 1 1 4

(a) Distribution of microseismic events during M1 mining (b)Distribution of microseismic events during M2 mining

(c) Spatial distribution of microseismic events in 11-2# coal seam and roof during M1 mining
(d) Spatial distribution of microseismic events in 14-3# coal seam and roof during M1 mining

(e) Spatial distribution of microseismic events in 11-2# coal seam and roof during M2 advancing period
(f) Spatial distribution of microseismic events in 14-3# coal seam and roof during M2 advancing period

(g) Mine seismic intensity classification

Fig. 5 Spatial distribution of microseismic events
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the 8308 working face, it can be seen that the

microseismic events were mostly distributed on the

roadways near gob. During the M2 mining period, the

same distribution lawwas observed. Themicroseismic

events were mostly distributed in the M2 area of the

mining position and the coal pillar area in front of the

M2. Microseismic events on roadways near gob were

significantly more than those on another side.

In summary, the spatial distribution law of above

microseismic events has obvious zoning characteris-

tics on the horizontal section, which is mainly

concentrated under the coal pillars, especially at the

junction of coal pillars on the side of the roadway near

gob. On the striking profile, the microseismic events

are mainly distributed in the vicinity of the coal pillars

of the 14-3 and 11-2 # coal seam roofs. At the same

time, the distribution of microseismic events also

changes dynamically with the advancement of the

working surface, which is predominately distributed in

the range of 100 m in front of the working surface.

There is a distinct correlation with the above-men-

tioned static stress concentration region.

3.2.2 Time Series Analysis of Microseismic Energy

and Frequency

The accumulated energy, and frequency were selected

as the indicators of microseismic time sequence law to

analyze micro-seismic anomalous active area during

the mining time. The analytic result can be used as

verification and supplement of the dynamic distur-

bance risk zone to obtain the microseismic activity

change under the overlying coal pillar. According to

the statistical microseismic data of the entire mining

period in the 8308 working face, the time series

distribution curve of the accumulated energy, and

frequency were obtained. Furthermore, the positions

of the coal pillars in the roadways near gob entering

M1 and M2 areas were compared and analyzed, as

shown in Fig. 6.

Before the roadways near gob entered the M1 area,

the frequency of microseismic energy remained at a

low level. During the whole period from the entry of

the M1 coal pillar to the exit of the M2 coal pillar, the

microseismic energy and frequency entered a dis-

tinctly active state, in which the energy and frequency

increased initially and then decreased. The maximum

value of energy occurred in the area between the M1

and M2 coal pillars. These results indicated that when

the working face mined in the M1 and M2 areas, the

roofs of the upper and lower coal seams were all active

with increased energy and frequency. After the mining

moved to the position of the coal pillar, the micro-

seismic event entered a calm state.

4 Analysis of Large Deformation Mechanism

of Roadway

4.1 Analysis of Static Load Stress Concentration

Mechanism

According to the influence of both the overlying coal

pillar and side abutment pressure on the static load

stress concentration of the lower coal seam, the force

model of the coal seam under the upper coal pillar was

established, as shown in Fig. 7. A rectangular coor-

dinate system was established with the O point as the

coordinate origin. The x-axis was taken above the coal

seam roof, and the positive direction of the y-axis was

taken from the direction of the lower coal seam.

Wherein, M x; yð Þ, A xA; 0ð Þ, B xB; 0ð Þ represent any

point on the lower coal seam, the left and right

endpoints of any overlying coal pillar, respectively. r3
refers to the stress received above the coal pillar or

goaf. According to the theory of elastic mechanics, the

vertical stress transmitted to the point M by the

remaining coal pillars is as shown in Eq. (2):

r3 ¼ � r3
p

arctan
x� xB

y
� arctan

x� xA
y

þ y x� xBð Þ
y2 þ x� xBð Þ2

� y x� xAð Þ
y2 þ x� xAð Þ2

" #

ð2Þ

Therefore, the total stress transmission of the upper

coal pillar received by the M point is rI ¼
P

ri,
i ¼ 1� n.

The side abutment pressure consists of 2 parts: the

gravity stress rc and the additional stress increment

transmitted by the goaf Dr, namely:

rII ¼ rc þ Dr ð3Þ

Thereby, the coal seam is subjected to the above

total static stress transmission.rj ¼ rI þ rII.
According to the actual conditions of the working

face, measure the width of overlying coal pillars,

mined-out area and the distance between the upper and

lower coal seams at the position of I-I in Fig. 2, and
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then bring the measurement results into the upper coal

seam stress transfer Eq. (2). Stress distribution curve

of lateral abutment pillar can be calculated according

to the calculation formula of side support pressure at

the same time. Figure 7 shows the stress distribution

curve transferred by the coal pillar above the

14-3 # coal seam and the stress distribution curve of

lateral abutment pillar. The upper transfer stress and

side abutment pressure of the overlying coal pillar at

the I-I position are mainly concentrated on the side of

the roadways near gob. When the working surface was

advanced to the front of the coal pillar, the influence of

the pilot support pressure was superimposed, and the

static load stress concentration below the coal pillar

reached the maximum value.

Combined with the above analysis of the seismic

computed tomography CT inversion results, the stress

concentration area is mostly distributed on the side of

the roadway near goaf, which is consistent with the

theoretical calculation results. When the mining was

about 100 m before the coal pillar, the positive

anomaly coefficient of the wave velocity directly

below the front coal pillar reached 0.1 or more. The

positive anomaly coefficients of the wave velocity at

the junction of the coal pillar 1, the coal pillar 2, and

the temporary tunnel reached 0.2. The area where the

coefficient reached 0.2 corresponded to the large

deformation area of the roadway. As the working face

advanced forward, the stress concentration area varied

dynamically, which is consistent with the evolution

law of the stress area of the advanced support. The

comprehensive seismic computed tomography CT

inversion and stress transfer calculation results

showed that the large deformation zone of the roadway

was affected by the stress transfer of the overlying coal

pillar, the advanced abutment pressure, and the stress

transfer of the cantilever roof in the lateral goaf.

Fig. 6 Time serial variation of microseismic energy and frequency

Fig. 7 Static stress concentration integrated stress model
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4.2 Analysis of the Dynamic Disturbance

Mechanism

During the mining process, there are many dynamic

load damages, such as roof fracture, blasting, and coal

cutting. Under the condition of mining coal pillars in

close coal seams, in addition to the dynamic load

caused by the fracture of the roof of the coal seam, the

working face mining will lead to the instability of the

remaining coal pillars in the upper layer and the

secondary fracture of the roof, which causes dynamic

load damage and spreads to the lower layer working

face.

According to the theory of elastic wave propaga-

tion, the additional stress rd caused by the stress wave
generated by vibration from the source to the coal and

rock mass around the mining space is:

rd ¼ r0e
�kL ð4Þ

In the equation,rd, k, and L represent the initial

intensity of the stress wave generated by the vibration,

the vibration wave energy attenuation index, and the

distance from the source to the local position of the

mining space, respectively.

The dynamic and static load superposition principle

is shown in Fig. 8. The discriminant formula of the

coal seam impact under the influence of dynamic and

static load superposition is shown in equation

rj þ rd � rmin ð5Þ

wherein rj and rmin represent the static load stress

caused by the multi-force source and the critical stress

when the rock burst occurs, respectively.

It can be seen from the above equation that the

dynamic propagation damage attenuation is mainly

affected by the source distance. The small coal seam

spacing not only aggravates the mining surface impact

of the overlying coal pillars and the roof but also

increases the additional stress of the dynamic load

damage. Therefore, under the conditions of mining

coal pillars at close range, the degree of damage

caused by the dynamic disturbance to the working

surface cannot be ignored.

Through the spatial location analysis of the micro-

seismic monitoring data, it was found that the

microseismic events were mostly distributed in the

vicinity of the coal pillars in the horizontal positioning

map while the microseismic events were mainly

distributed in the 14-3 and 11-2 # coal seam roofs in

the vertical section along the strike. At the same time,

the mine earthquake events on the south side of theM2

area were mainly distributed in the 11-2 # coal seam

roof, while the mine earthquake events on the north

side of the M2 area were distributed in the 11-2 and

14-3 # coal seam roofs with a predominance in

14-3 # coal seam roof. This distribution feature indi-

cated that due to the large size of the coal pillars 1 and

2, the roof plate was not fully fractured during the

mining of the 11-2 # coal seam, and the secondary

fracture of the 11-2 # coal seam roof during the

mining of the 8308 working face through the coal

pillars 1 and 2 was severe. After the mining of M2

area, only the coal pillar 4 was left above the 8308

working face with a small size. At this time, the 14-3 #

coal seam roof was predominately fractured because

the area was sufficiently fractured when mining the

11-2 # coal seam. This result indicated that the

dynamic load disturbance was generated during the

14-3 # coal seam fracture under the influence of the

coal pillar and the secondary fracture of the 11-2 #

coal seam roof.

Through the spatial distribution of the microseismic

events during the mining of the M1 and M2 areas and

the time serial analysis of energy frequency, it was

found that the microseismic events were mainly

distributed in the vicinity of roadways near gob in

front of the mining area, indicating that the spatial

distribution of the microseismic events is also subject

to the pilot support pressure and the side abutment

pressure. The effect is consistent with the distribution

of stress concentration areas. This result indicated that

the dynamic load disturbance of 8308 working face

exhibited a corresponding relationship with static load

stress concentration. Comparative analysis of Figs. 3c

and 4 indicated that the dynamic load disturbance with

greater than 1 9 106 J energy occurred in the coal

pillar 3 area. However, the positive velocity coeffi-

cient of the wave velocity in this area only reached

0.1without large deformation of the roadway, indicat-

ing large deformation of the roadway in 8308 working

face is dominated by static load stress.

The integration of the spatial distribution of

microseismic with time serial analysis of energy

frequency indicated that the roof structure was

stable due to the large coal pillar 1. The roof structure

continuously maintained a steady state of energy

accumulation when the mining position was between
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entering coal pillar and the central region of the M1.

When the mining position approached the exit of coal

pillars, the roof continued to fracture, releasing a lot of

energy. After the M1 area, due to the influence of the

roof activity and the concentrated stress of the coal

pillars 1 and 2, the microseismic event was active.

After the mining position entered the coal pillar 2,

since the coal pillar 2 across the entire working surface

diagonally, the underside of the south side of the coal

pillar 2 was hollowed out, causing the stress to

continuously shift to the M2 area. In addition, the

impact of the suspended roof causes the other side of

the M2 area to be simultaneously destructed. As the

work progressed forward, the continuous fracture of

the coal pillar 2 caused continuous destruction of the

M2 area. When the M2 area was mined, it was almost

completely fractured and stabilized again, and the

microseismic event showed a downward trend. This

trend indicated that the dynamic disturbance generated

by the 8308 working face is mainly affected by the

roof activity under the influence of coal pillars.

4.3 Analysis of Large Deformation Mechanism

of Roadway

Based on the research results of the distribution law of

large deformation area and static load stress concen-

tration, as well as the dynamic load disturbance

mechanism, the large deformation mechanism of 8308

working face roadway is as follows: large deformation

area of roadway M1 and M2 are located at the junction

of large area overlying coal pillars with the roadway

near goaf. During the mining process of the working

face, the residual coal pillar of the 11-2 # coal seam

transmits the stress to the roof and floor of the

14-3 # coal seam, which is superimposed with the

lateral abutment pressure and the advanced abutment

pressure of the 8308 working face to cause the static

load stress concentration on the coal pillars in roadway

near goaf. The stress concentration in the area

generates the fracture of 14-3 # coal seam roof, the

secondary fracture in 11-2 # coal seam roof, and

dynamic load disturbance. The dynamic load distur-

bance area coincides with the static load stress

concentration area, which causes a large deformation

in the roadway near goaf. In particular, static load

stress concentration is the main influencing factor.

When mining the lower coal seam with close

multiple seams, it will be affected by many factors

such as pressure relief, stress concentration, secondary

dynamic load disturbance and so on. The stress

concentration and dynamic load disturbance caused

by the upper coal seam usually occur at the same time,

so the rock burst induced by dynamic and static load

superposition will not occur in the pressure relief area

caused by the mining of the upper coal seam. In the

stress concentration area caused by the upper coal

seam, it is necessary to focus on monitoring the

occurrence of rock burst, and guide the prevention and

control of static stress concentration and dynamic load

Fig. 8 Schematic diagram of dynamic load disturbance in close distance coal seam
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disturbance according to the theory of dynamic and

static superposition.

5 Conclusion

(1) According to the seismic computed tomogra-

phy, it was found that the high wave velocity

region was consistent with the overlying pillar

affecting zone. The wave velocity anomaly

coefficient was as high as 0.2, indicating that the

remaining coal pillar area has a higher static

load stress concentration.

(2) According to the data analysis of microseismic

monitoring, the large-energy mine earthquakes

([ 104 J) were mainly distributed in the vicinity

of the roadway near goaf in front of the mining

area under the coal pillar. On the vertical profile

of the working face, these events were mainly

distributed in the 14-3 and 11-2 # coal seam

roofs. These results indicated that the roof

fractured during the mining process of the

8308 working face and generated dynamic load

disturbance, which is affected by the regional

static load stress concentration.

(3) The large local deformation of the roadway is

due to the downward stress transfer of the coal

pillars in the upper coal seam, which is super-

imposed with the lateral abutment pressure and

the advanced abutment pressure to cause static

load stress concentration in the roadway near

goaf under the residual coal pillar. Under the

influence of static load stress concentration and

mining, the residual coal pillars and the roof of

the top fractured and slipped to generate

dynamic load disturbance. The superposition

of dynamic load disturbance and static load

concentrated stress caused large deformation of

the roadway near goaf under the coal pillar, in

which the static load stress concentration is the

main influencing factor.

(4) Under the condition of close multi-coal seam

mining, the stress concentration and dynamic

load disturbance caused by the upper coal seam

usually occur at the same time and stress

concentration and dynamic load disturbance

usually do not occur under the goaf of the upper

coal seam. Therefore, it is necessary to focus on

the area affected by the overlying pillars. The

detection of static load stress and dynamic

disturbance should be carried out at the same

time to control and prevent large deformation.
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