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As coal burst normally occurs in the area of high stress concentration, it is of significance to study the features of
regional stress field in coal mines. Primitive stress field, mining-induced stress field and their coupling effect are
investigated through the methods of theoretical analysis, field measurement, numerical simulation and wave
velocity CT inversion, and the relationship among regional stress field, high-energy seismic events and coal bursts
are analyzed. Investigation of the 3# mining district in Xingcun coal mine shows that: (1) Though stress con-
centration changes in the mining process, several special areas witnesses stress concentration in the whole mining
process, such as the rise pillar area, several syncline axis areas and large fault areas; (2) Coal burst occurrence and
high-energy seismic events have a close relationship with regional stress field. Coal bursts and high-energy
seismic events tend to occur in areas of stable stress concentration, such as the rise area, several syncline axis
areas and large fault areas. Targeted control of stress field for coal burst prevention is developed based on stress
field detection. The process of targeted control of stress field for coal burst prevention is: detection of regional
stress field based mainly on wave velocity CT, identification of stress concentration, implementation of destress
measures to control the identified stress concentration. This method of stress field control was applied to LW3306

working face in Xingcun coal mine and coal burst hazards were effectively controlled in LW3306.

Due to the increase of mining depth and mining intensity, coal burst
becomes one of the severest dynamic disasters in China's coal mining
industry [1-3]. The number of burst-prone coal mines is increasing from
32 in 1985 to 138 in 2020 [4]. As of 2021, severe coal burst accidents
occurred for six years.

Investigation of coal burst accidents shows that coal burst normally
occurred in the area with high stress concentration. Thus, the detection
and control of regional stress field is an effective manner of preventing
coal burst [5]. Mine stress field consists of two components: primitive
stress and mining-induced stress. Primitive stress field refers to the initial
ground stress, and mining-induced stress field refers to the stress
generated due to the excavation of roadways and coal seams [6,7]. Re-
searches have been conducted in the past with focus on either primitive
stress or mining-induced stress or both of them [8-11]. Regarding the
influence of primitive stress on coal burst, Lin [12] pointed out that, for
coal mines with a buried depth of more than 600 m, the stress is the

dominated factor for coal burst occurrence. Xia [13] claimed that
fault-induced coal bursts can be triggered only under the condition of oy
> oy > oy Or 6y > o}, > oy based on analysis of 120 stress measurements
in 40 coal mines. Pang [14] studied the stress field and its influence on
coal burst hazards in Hegang mining area, and concluded that: (1) the
larger the angle between the major principal stress and the retreating
direction, the larger the area of energy concentration (stress concentra-
tion) in front of working face; (2) the higher the ratio of major principal
stress to vertical stress (op/oy), the larger the peak value of energy
concentration in front of working face. In terms of mining-induced stress,
Cong [15] stated that the disturbances of adjacent working face, current
working face and delayed roof breaking are the main control factors of
coal bursts occurring in wide panel pillar. Feng's study shows that
high-energy seismic events have a positive relationship with retreating
speed [16,17]. Han [18] thought that the seismic stress induced by roof
breaking is the decisive factor of coal bursts occurring in gobside
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Fig. 1. Layout of the 3# mining district.

Table 1
Measured stress field in the 3# mining district of Xingcun coal mine.
NO. Depth Principal Magnitude Azimuth Dip
(m) stress (MPa) (°) (°)
1# 1265 Oh,max 52.1 140 4
oy 30.2 75 85
Gh,min 25.6 184 5
2# 1265 Oh,max 50.5 97 6.4
oy 30.3 22.6 84.1
Gh,min 25.7 186.5 4.9
3# 1255 Oh,max 67.9 138.3 1
oy 36 485 82.7
Gh,min 30.8 226 2.3
4% 1255 Ohmax 53.1 120.8 3.5
oy 32.5 72.6 86.7
Gh,min 24.7 212.4 3.0

Note: Ohmax is maximum horizontal principal stress, oy is vertical stress
component, Gy min is minimum horizontal principal stress.

The measurements show that the stress field of the 3# mining district of Xingcun
coal mine has the following characteristics.

(1)The maximum horizontal principal stress is the maximum principal stress, and
its value is between 50.5-67.9 MPa, belonging to the ultra-high stress level.
(2)6hmax/0v = 1.60-2.16, horizontal tectonic stress plays a vital role in the 3#
mining district.

(3)The azimuth of maximum horizontal principal stress is between 97° and 140°,
and the direction is NW to SE, which complies with the tectonic stress field on the
whole.

roadways.

Primitive stress field, mining-induced stress field and their coupling
effect are investigated through the methods of theoretical analysis, field
measurement, numerical simulation and wave velocity CT inversion. The
relationship among regional stress field, high-energy seismic events and
coal bursts are analyzed. Furthermore, Targeted control of stress field for
coal burst prevention is developed based on stress field detection, which
can help manage coal burst prevention in coal mines.

1. Features of regional stress field

1.1. Background

As shown in Fig. 1, the 3# mining district in Xingcun coal mine is
3400-4200 m in length and 400-1320 m in width. There are seven
panels in the 3# district, among which LW3303, LW3308, LW3302,
LW3307. LW3310, LW3311 have been mined out and LW3306 is
under production. Geological structures are developed in the district,
including 57 normal faults with a fault throw of more than 5 m and a
gentle syncline. The 3# mining district is extracting NO.3 coal seam with
an incline angle of 8° on average and a thickness of 8 m. The depth of 3#
mining district is 1110-1280 m. The immediate roof is claystone and the
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Fig. 2. Stress distribution around stopes of the 3# mining district.

main roof is sandstone. The floor is siltstone. NO. 3 coal seam is assessed
as of high burst tendency and moderate burst hazard.

1.2. Primitive stress field

Primitive stress is generated mainly by continental plates collision,
earth gravity, earth rotation, magnetic intrusion and crust expansion.
Primitive stress mainly includes gravitational stress field and tectonic
stress field [7].

1.2.1. Gravitational stress field
Gravitational stress field is generated by earth gravity. The vertical
gravitational stress in crust can be expressed as:

0, = i viHi
i=1
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Fig. 3. Relationship between P wave velocity and stress level of rock sam-
ple [24].

where, y; is bulk density of ith rock layer, kN/m3; H; is thickness of ith
rock layer, m; n is the number of rock layers.

If ignoring the difference of rock density, the vertical gravitational
stress at a depth of H is:

o,=yH 2
Thus, the gravitational stress field can be expressed as:
o, =yH
{ 0, =0, = i0, 3

Where, 1 is horizontal stress coefficient; o, and o, are horizontal stress
components. If rock layers are elastic, 4 = /(1 — u). p is Poisson's ratio,
which is in the range of 0.2-0.5. Thus, 4 is in the range of 0.25-1.0.

As the depth of the 3# mining district is 1110-1280 m, assuming the
average density of rock layer is 25,000 kN/m®, the gravitational stress
field of NO.3 coal seam can be derived from equation (3): vertical stress is
27.75-32.00 MPa and horizontal stress is 6.94-32.00 MPa.

1.2.2. Tectonic stress field

Tectonic stress field is generated by geologic movement. Tectonic
stress can only be measured. Xie et al. [19] drew the distribution of
primitive stress field of China and classified them into different zones
based on their stress features. According to reference [19], Xingcun coal
mine is located in the central southern part of A121 (North China Plain
stress zone), the tectonic stress of which is generated by the collision
between the Pacific Ocean plate and the Euro-Asia plate and the
Philippines plate. The main direction of tectonic stress in Al21 is
NNW-SSE. The general stress field of 3# mining district complies with
the regional feature of A121 and is also influenced by local faults and
folds.

The characteristics of primitive stress field varies in different zones.
Field measurement is mandatory to obtain the real stress field in a
particular zone.

1.2.3. Field measurement of primitive stress

In 1932, Lieurace [20] made the first successful in-situ stress mea-
surement at Hoover Dam in the United States. After 90 years of devel-
opment, in-situ stress measurement methods can be roughly divided into
stress recovery method, stress relief method, hydrofracturing method,
geophysical method and geological mapping method [21,22], among
which stress relief method is the most widely used measurement method
at present. Stress field in 3# mining district of Xingcun coal mine was
measured by stress relief method and results are listed in Table 1.
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Fig. 4. Wave velocity CT inversion, seismic events and seismic wave sensor
layout in the 3# mining district.

1.3. Distribution of mining-induced stress

Before mining, coal seam and rock layers are in the state of primitive
stress. Mining activities disturb the primitive stress field, thereby
generating mining-induced stress field [23].

As both the primitive stress and mining-induced stress exist in the 3#
mining district, it is impossible to investigate the mining-induced stress
field by field-measuring. FLAC3D was used to study the mining-induced
stress field based on the geological and mining conditions of the 3#
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Fig. 6. Stress concentration in the 3# mining district.

mining district, as shown in Fig. 2. After the excavation of roadways or
panels, stresses redistribute in the surrounding rock masses. In the vi-
cinity of the stope, the stress decrease area, the stress increase area and
the primitive stress area appear successively from near to far. As for
roadway development, the influenced area is 5 times the radius of
roadway and the stress concentration coefficient is 1.3. As for retreating
face, the influenced area is 50 m within the mining panel, and the stress
concentration coefficient is 1.8.

2. Measured in-situ regional stress distribution in 3# mining
district

Regional stress is the coupling of primitive stress and mining-induced
stress, which provides the comprehensive characteristics of geologic
factors (seam depth, geologic structures) and mining factors. Regional
stress is varying as the excavations go on. Wave velocity CT inversion can
be used to study the variation of regional stress distribution.
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2.1. Wave velocity CT inversion

As shown in Fig. 3, wave velocity is in a positive relationship with the
stress level of rock specimens. With the increase of stress, the P wave
velocity increases as well [24].

Wave velocity CT inversion is based on the relationship between
stress level and wave velocity. Seismic events are used to inverse the
wave velocity distribution and the corresponding stress distribution.
Thus, the accuracy of wave velocity inversion is dependent on the layout
of seismic sensors [25]. Areas covered well by seismic sensors (wave
rays) produce more precise results, while boundary areas poorly covered
by seismic sensors (wave rays) yield less precise results.

To verify the effectiveness of wave velocity CT inversion, wave ve-
locity CT inversion was carried out based on seismic events occurring in a
random time zone, as shown in Fig. 4. It can be seen that the front area of
200 m is of high stress concentration and more than 90% of seismic
events occurred in this area in the corresponding time zone, which in-
dicates wave velocity CT inversion can detect the regional stress
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Table 2

Typical coal bursts occurring in the 3# mining district.

Date Position Manifestation Causes
2013.08.05 30m-180mbehind  Rib bagging, floor Large depth of cover,
the development weave severe entry
face of 3302 belt convergence, high
entry tectonic stress, 1.3E6J
seismic event induced
by SF104 fault
activation
2015.07.26 20 m in front of Floor weaving Large depth of cover,
3302 working face (0.2-1.5 m), high front abutment
damage of front pressure, high tectonic
support stress, left of coal in
floor, 2.0E6J seismic
event occurred 17 m
under the floor
2013.09.08  beltentryOm-90m  Roof sag (0.6-0.8 Large depth of cover,

in front of 3308
working face

m), damage of
support

high front abutment
pressure, high tectonic
stress, 1.71E5J seismic
event induced by JFO8
fault activation

distribution with desirable precision.

2.2. Stress concentration in 3# mining district

Wave velocity CT inversion was used to investigate the stress distri-
bution in the 3# mining district in 2016-2019, and some typical results
are given in Fig. 5. Based on the long-term wave velocity CT inversion in
the 3# mining district, the areas of high stress concentration are
discovered as shown in Fig. 6.

Geohazard Mechanics 1 (2023) 69-76

As shown in Figs. 5 and 6, the areas of high stress concentration are
varying in the 3# mining district due to the excavation. However, high
stress concentration always exists in some special areas, such as the rise
pillar, syncline axis and several large fault areas, which indicates high
burst hazards in these areas.

3. Influence of regional stress field on burst hazard
3.1. The relationship between regional stress field and bursts

The 3# mining district experienced multiple bursts, three of which
are listed in Table 2. The common features of these bursts are as follows:

(1) Large mining depth and high gravitational stress: the mining
depth of the 3# mining district is in the range of 1110-1280 m
and the corresponding gravitational stress can reach 30 MPa;

(2) High tectonic stress: the measured maximum horizontal principal
stress is 1.60-2.16 times vertical stress and the high-energy
seismic events triggering ‘5th Aug’ burst and ‘8th Sep’ burst
were induced by fault activation;

(3) High mining-induced stress: all bursts occurred in the area gov-
erned by mining-induced stress.

The three typical bursts and the regional stress distribution in the 3#
mining district are shown in Fig. 7. ‘26th Jul’ burst and ‘8th Sep’ burst
occurred in the detected area of high stress concentration due to different
causes. ‘26th Jul’ burst was caused by the coupling of the front abutment
pressure and high tectonic stress. ‘8th Sep’ burst was triggered by the
superposition of high dynamic stress induced by fault activation and the
front abutment pressure. ‘5Sth Aug’ burst did not occur in the detected
area of high stress distribution, though it was triggered by similar factors
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Fig. 8. Distribution of high-energy seismic events and high regional stress.
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Table 3
Typical high-energy seismic events in the 3# mining district.
Position Time Energy Manifestation
Area Roof/ ()
Floor

160 m behind the 10 m 2016.1.6 4.8 x Roof fall:1.5 m x 2.2

development face above 12:45 10* mx 1.5m
of 3310 beltentry ~ coal
seam
120 m behind the 16 m 2016.11.4 3.3 x Top coal fall, 3 bolt
development face  above 16:55 10* breakings
of 3306 belt entry  coal
seam
Belt entry 143 m in 6m 2016.2.17 1.1 x 1 steel beam breaking,
front of 3307 above 7:21 10* prop head moving
working face coal toward rib for 15 mm
seam
Trackentry 77 min  5m 2018.3.21 4.1 x Dusty, top coal fall: 1

front of 3311 above 3:13 10° rail car, 1 bolt
working face coal breaking
seam
Rise pillar in front 2m 2016.4.16 6.3 x Departing and falling
of 3307 working above 0:46 10* of shotcrete, 2 bolt
face coal breaking, 2 cable

seam breaking

Rise pillar in front 19m 2018.6.1 2.4 x Mesh breaking, coal
of 3311 working above 13:19 10* fall
face coal
seam

as ‘8th Sep’ burst. The reason why ‘5th Aug’ burst did not occur in the
detected area of high stress concentration might be the poor coverage of
seismic sensors for the boundary area where ‘5th Aug’ burst occurred.

3.2. The relationship between regional stress and high-energy seismic
events

High-energy seismic events occurring in the 3# mining district since
2016 are selected and drawn in the distribution of high regional stress as
shown in Fig. 8. Some typical high-energy seismic events are listed in
Table 3.

25 typical high-energy seismic events are selected, among which 17
events occurred in areas of high regional stress, 4 events (16%) occurred
in roadway development, 14 events (56%) occurred in retreating face, 7
events (28%) occurred in main roadways. Analysis of the typical high-
energy seismic events indicates: O The frequency of high-energy
seismic events occurring in area of high regional stress is higher than
other areas; High-energy seismic events normally occurred in unmined
coal seam rather than in gobside areas, which means these seismic events
were induced by the release of elastic energy stored in coal seam rather

Geohazard Mechanics 1 (2023) 69-76

than roof breaking above the gob; @ The number of high-energy seismic
events occurring in panel retreating is 3.5 times that in roadway devel-
opment since the disturbance of face retreating is stronger and wider
than that of roadway development; ® High-energy seismic events
occurred within 200 m behind the development face and within 150 m in
front of development heading, which is consistent with the stress dis-
tribution around development and retreating faces.

It can be concluded from above analysis that high-energy seismic
events and coal bursts are closely related to regional stress distribution.
66% coal bursts and 68% high-energy seismic events occurred in areas of
high regional stress. High stress always exists in areas of high regional
stress, and coal bursts and high-energy seismic events could occur when
these areas are disturbed by mining activities.

4800
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- -0.55
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Fig. 10. Stress concentration based on wave velocity CT inversion in 3306.

Table 4

Parameters of deep-hole blasting in roof.
Parameter Hole NO.

1# 2# 3#

Hole depth/m 28 28 33
Dip angle/® 75 75 55
Charge length/m 19 19 22
Blocking length/m 9 9 11
Explosive/kg 18 18 20

Targeted control of stress field

monitoring

Seismic Drilling

method

Stress concentration?

Without concentration

With stress concentration

Stress
detection
Stress Safe Stress
transfer production transfered

|

In-seam

|

blasting

Large

Verification of destress effect

diameter
drilling

blasting

Fig. 9. Targeted control of regional stress field.
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1#

Fig. 11. Layout of deep-hole blasting in roof (red line is charged section; Blue line is blocked section).
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Fig. 12. Stress concentration based on wave velocity CT inversion after taking
destress measures.

4. Targeted control of regional stress field

Regional stress is the coupling of primitive stress and mining-induced
stress. Stress can be controlled instead of being eliminated. To prevent
coal burst, targeted control of regional stress is a key technique.

4.1. Proposal of targeted control of regional stress

The process of targeted control of regional stress is shown in Fig. 9.
Firstly, areas of stress concentration need to be detected using methods of
drilling, seismic event monitoring, wave velocity CT inversion and so on.
Then, targeted measures are taken to transfer stress from the area of
stress concentration to other areas based on geological and mining con-
ditions. Normally, in-roof blasting is used to achieve destress effect if the
detected burst hazard is mainly from strong thick roof stratum in the
cases of large-area roof hanging or high-energy seismic events occurring
in the roof. In-seam blasting is recommended if high stress concentration
occurs in coal seams of high strength. Large diameter drilling can achieve
good destress effect in the case of high stress concentration occurring in
coal seams of low to medium strength. After taking destress measures,
wave velocity CT inversion is used to verify the destress effect.

4.2. Engineering application

LW3306 is the seventh mining panel in the 3# mining district.
LW3306 is 1500 m in length and 100 m in width. The north side is the

belt entry with a 125 m pillar from LW3302 gob, and the south side is the
track entry with a 125 m pillar from LW3308 gob. LW3306 is assessed as
a panel of moderate burst hazard.

In middle of March 2020, it was found from seismic monitoring that
seismic events were clustering around the track entry within 300 m in
front of working face. Wave velocity CT inversion was conducted based
on seismic events recorded in the first third of March as shown in Fig. 10.
It is seen from Fig. 10 that stress concentration existed in large area
around the track entry in front of working face and destress measures
were required to control the stress concentration.

According to the geological and mining conditions of LW3306, tar-
geted destress measures of large-diameter drilling, blasting in coal seam
and deep-hole blasting in roof were taken to control the detected stress
concentration. The parameters of large-diameter drilling are: 20 m in
depth, 150 mm in diameter, 1 m in spacing, 1.2 m from the floor, parallel
with the coal seam. The parameters of blasting in coal seam are: 42 mm in
diameter, 15 m in depth, 5 m in hole spacing, 3 kg explosives per hole, 9
m for hole blockage, parallel with the coal seam. The parameters of deep-
hole blasting in roof are: 25 m in group spacing, 6 holes per group, 3
holes in each entry, 64 mm in hole diameter, other parameters giving in
Table 4, as shown in Fig. 11.

After taking the above destress measures, wave velocity CT inversion
was conducted again to check the destress effect, as shown in Fig. 12. It is
seen from Fig. 12 that stress concentration was weakened and transferred
further away from the working face, indicating the effective control of
burst hazard in the detected area of stress concentration in LW3306.

5. Conclusions

(1) The major principal stress in the 3# mining district is 1.60-2.16
times the vertical principal stress, and the horizontal tectonic
stress plays a dominant role in the stress field characteristics of the
3# mining district. Mining activities result in the redistribution of
stress in surrounding rock. As for roadway development, the
influenced area is 5 times the radius of roadway and the stress
concentration coefficient is 1.3. As for retreating face, the influ-
enced area is 50 m within the mining panel, and the stress con-
centration coefficient is 1.8.

(2) Wave velocity CT inversion conducted on a regular basis for a long
time shows that the areas of high stress concentration are varying
in the 3# mining district due to the disturbance of excavation.
However, high stress concentration always exists in some special
areas, such as the rise pillar, syncline axis and several large fault
areas, which indicates strong burst hazards when mining in these
areas.

(3) High-energy seismic events and coal bursts are closely related to
regional stress distribution. High stress always exists in areas of
high regional stress, and coal bursts and high-energy seismic
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events could occur when these areas are disturbed by mining
activities.

(4) Targeted control of regional stress was proposed to transfer stress
and to mitigate burst hazard based on comprehensive detecting
and de-stressing measures, the effectiveness of which was verified
by the application in LW3306 working face.
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