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The overlying strata of the Yima coalfield are ultrathick conglomerate. Aiming at the
problem of frequent occurrence of rockburst events in the central Yima coalfield during
2006–2015, the characteristics of rockburst events, microseismic (MS) monitoring, and
rockburst event-inducing factors were analyzed through data mining and field investigation
methods. The results showed that the rockburst events in roadways mainly occurred
during mining of the working face, and they occurred at a large buried depth and were
within the influence of mining stress, accompanied by an abrupt energy release. The
occurrence of rockburst in roadways was accompanied by a sudden release of energy.
The ultrathick strata and the fault nearby were the key influence factors of rockburst events.
The stress field of roadway surrounding rocks was changed because of the mining
disturbance, roadway repair and maintenance, and blasting, which would change the
regional stress fields in the surrounding rocks and induce roadway rockburst events. The
characteristics of rockburst events were floor heave, sharp convergence of two side walls,
severe damage of the supporting body, and even closure of the roadway. The occurrence
of rockburst can be prevented by reducing the mining speed and injecting water into
coal seam.
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1 INTRODUCTION

Rockburst is an instantaneous release of elastic energy of an over-stressed coal and rock mass and has
been recognized as one of the most critical dynamic failures in coal mines (Dai et al., 2021; Frith et al.,
2020; Keneti and Sainsbury, 2018). The disaster poses a serious threat to the safe production of
underground coal mining. It can destroy roadways with hundreds of meters instantaneously, causing
injuries or deaths, damage to facilities, and leading to property losses. Complex and various
geological conditions during tunneling and mining in coal mines lead to different causes and
failure modes of rockbursts (Jiang et al., 2019; Wang et al., 2019). Coal mine safety production in
many countries is seriously threatened by rockburst disaster, especially in countries such as South
Africa, the United States, Russia, Australia, Czechia, Poland, and China (Ghorbani et al., 2020;
Konicek et al., 2013; Małkowski and Niedbalski, 2020; Zhang et al., 2017). In China, because of the
high-intensity mining of coal resources for a long time, coal mining is gradually transferred to the
deep, and more than 170 coal mines have suffered rockbursts. So rockburst disasters have become a
major problem in deep mining (Anderson, 2017; Ranjith et al., 2017).

When the large elastic energy accumulated in the surrounding rock of coal mine roadways is
released abruptly, the blast waves produced acts on the surrounding rock, which may cause tensile
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shear deformation and damage of the surrounding rock,
casualties, and equipment damage under the influence of deep
high stress and complex geological environments (Mark and
Gauna, 2021; Newman and Newman, 2021; Zhou et al., 2021).
Such a rockburst is characterized by abruptness, serious damage,
and complex inducements, and therefore, it has become one of
the main current disasters in coal mines (Jiang et al., 2016; Pan
et al., 2021; Wasilewski 2020). At present, the academic
community has not formed a uniform theory to explain the
occurrence mechanism of rockburst in mines. Through decades
of theoretical research and investigation of causes of accidents, a
series of classical theories have been proposed (Cao et al., 2019;
Dai et al., 2021; Xuelong Li et al., 2021; Pang et al., 2016), such as
the energy theory (Cook et al., 1966), strength theory, stiffness
theory (Procházka, 2004), rockburst tendency theory (Gong et al.,
2021; Tsirel’ and Krotov, 2001), instability theory (Zhang 1987),
and “three factors” theory (Qi and Dou, 2008). With the
introduction of interdisciplinary disciplines such as
mathematics and mechanics into this research field, the burst
start-up theory (Pan et al., 2012), catastrophe theory, and chaos
theory have been formed (Pan and Zhang 1992; Liu 2014). But
there are some shortcomings of the corresponding theoretical
explanation. For example, the energy theory does not give a good
description of the properties of coal rocks in the equilibrium state
and the coal rock rupture conditions. The strength theory only
gives the sufficient conditions for rockburst but does not point
out the actual conditions under which rockburst happens. The
stiffness theory is only a necessary condition for the occurrence of
rockburst and does not give a clear definition of the mine
structure division and its composite systems (Xuelong Li et al.,
2021). On the basis of these innovative theoretical results,
corresponding technological measures have been formulated to
provide guidance for the practical control of rockburst in
roadways. However, the aforementioned studies mainly focus
on theoretical analysis based on the characteristics of in situ
rockburst. This study analyzes the main inducing factors of 108
rockburst events in the Yima coalfield from 2006 to 2015.

Yima coalfield (Yima City, Henan Province, China) is
frequently subject to rockbursts in roadways and has
ultrathick strata, which is its typical stratigraphic
characteristic. On the basis of the elastic theory, Shi and
Jiang (2006) analyzed the stress distribution in thick strata
using a model of fixed beams considering gravity. The
researcher also studied the roof stability and occurrence
mechanism of abnormal pressure on an island working face
under ultrathick conglomerate in Changcun coal mine, Yima
coalfield. They found that thick overlying strata and hard roofs
and floors are adverse geological conditions inducing
rockburst, and the stress concentration during the mining
of working faces will further increase the occurrence
probability of rockburst. Therefore, a large number of coal
pillars and large areas of suspended roof of goaf should be
circumvented in the mining design.

Although coal mines in the Yima coalfield have taken
various rockburst prevention measures, rockbursts still
occur from time to time in roadways. According to the
statistics, five coal mines (Yangcun, Gengcun, Qianqiu,

Yuejin, and Changcun coal mines) in the center of the
Yima coalfield had been accumulatively subject to 108
rockburst events in roadways from 2006 to 2015. These
events have led to different degrees of damage to roadways,
more than 11,000 m in length, dozens of casualties, and nearly
100 million yuan of direct economic losses. Therefore, based
on the statistical analysis of rockburst in roadways in the Yima
coalfield, the research investigated the characteristics and
influencing factors of rockburst in roadways in coal seams
under such conditions. The research findings can provide
guidance for revealing the occurrence mechanism of
rockburst in the coalfield.

2 RESEARCH AREA AND MATERIALS

Yima coalfield is located in Mianchi County, Yima City, in the
west of Henan Province, in which five operating mines are
distributed from west to east, namely, Yangcun, Gengcun,
Qianqiu, Yuejin, and Changcun coal mines. As a whole, the
Yima coalfield presents an asymmetrical syncline structure, with
hidden coal outcrop in the north and F16 thrust fault in the south,
and this fault occurs in all of the five coal mines. The overlying
conglomerate of the Yima coalfield is tens to hundreds of meters
thick, and the ultrathick strata with massive structure is mainly
composed of quartzite and quartz sandstone with a gravel size of
2~500 mm. About 200 m above the coal seam is conglomerate,
whose cohesive force and internal friction angle is 13.5 MPa and
29.6°, respectively. The ultrathick strata are likely to store elastic
energy, and with the mining of working faces and the
enlargement of the goaf, the risk of rockburst in roadways
rises correspondingly, which increases the difficulty for
rockburst control in roadways (Li et al., 2014; Xu et al., 2015).

The minable seams of the Yima coalfield occur in the Yima
Formation of the lower Middle Jurassic series and can be divided
into two seams (2-1# and 2-3# coal seams) in the majority of
areas, which are merged in the deep part and expressed as 2# coal
seam for short. The average thickness of the coal seam is about
25.4 m whose uniaxial compressive strength is 18.7 MPa. The
immediate roof and main roof of the 2# coal seam are separately
shown as mudstone and ultrathick conglomerate, while the
immediate floor is comprised of interbedded mudstone and
carbonaceous mudstone. Through decades of mining, the
mining activity of the five coal mines in the center of the
Yima coalfield has shifted to the deep merged zone of seams,
and the maximum mining depth has reached 1,060 m
underground. At present, the mining depths are separately
400~600 m, 600~800 m, 750~980 m, 650~1,060 m, and
600~800 m in Yangcun, Gengcun, Qianqiu, Yuejin, and
Changcun coal mines, respectively. The geological profile of
the Yima coalfield is shown in Figure 1.

On the basis of site survey and data collection, the numbers of
rockburst events in the roadways of the five coal mines in the
center of the Yima coalfield from 2006 to 2015 are summarized in
Table 1. As shown in Table 1, Qianqiu coal mine was subject to
the most rockburst in roadways, up to 41 times, which accounted
for 38.0% of the total number of rockburst events; it was followed
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by the Yuejin coal mine, which suffered from 34 rockburst events
(31.5%); Meanwhile, the numbers of rockburst events in Gengcun
and Changcun coal mines are similar. It can also be seen from the
table that more rockburst events happened from 2010 to 2012,
which was found to be the mining period of the 21,141 working
face of the Qianqiu coal mine according to the site survey results
and relevant data.

3 RESEARCH METHODS

3.1 Data Mining of Rockburst Events
In accordance with the above analysis, the mining depths of
Qianqiu and Yuejin coal mines are deeper than those of
Gengcun and Changcun coal mines, and the Changcun coal
mine is mined at a depth slightly deeper than the Gengcun coal

FIGURE 1 | Geological profile of the Yima coalfield.

TABLE 1 | Number of rockburst events in the five coal mines in the center of the Yima coalfield (2006–2015).

Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total

Coal
mine

Yangcun coal mine 0 0 0 0 2 3 1 0 1 0 7
Gengcun coal mine 0 0 0 2 2 2 1 3 1 1 12
Qianqiu coal mine 2 0 4 1 13 10 7 2 2 0 41
Yuejin coal mine 2 7 7 3 1 3 7 3 1 0 34
Changcun coal mine 0 1 5 3 0 0 1 2 2 0 14
Total 4 8 16 9 18 18 17 10 7 1 108

FIGURE 2 | Statistics of rockburst events in roadways of the Yima coalfield from 2006 to 2015. (A) Roadways at different burial depths. (B) Roadways in different
periods.
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mine. Figure 2A shows the statistics of rockburst events in
roadways at different burial depths in the five coal mines from
2006 to 2015. As displayed in the figure, roadways at burial
depths of 600~700 m and deeper than 700 m were separately
subjected to 46 and 44 rockburst events, which accounted for
42.6% and 40.7% of the total. It cannot be ignored that fewer
mining works on deeper levels. It is evident that the burial
depth of roadways directly influences the occurrence of
rockburst.

Figure 2B illustrates a statistical bar chart of rockburst events
in roadways in different periods and regions in the five coal mines
from 2006 to 2015. As shown in the figure, the mining period
witnessed the largest number of rockburst events (55) in
roadways, followed by the tunneling period (44), which
separately accounted for 50.9 and 40.7% of the total. Only
nine rockburst events happened in the roadways within the
coal pillar-affected area, being 8.4% of the total. Therefore,
according to the field feedback, a relatively large number of
rockburst events happened in the area 300 m ahead of the
working face, particularly the region 150 m ahead, which was
an area of high occurrence frequency of rockburst. There were
also many rockburst events in the area 250 m behind the
tunneling face, especially the area 125 m behind, which was
also an area of high occurrence frequency of rockburst. Hence,
mining disturbance is an important factor inducing rockburst
in roadways.

By combining the above analysis, it is revealed that areas of the
Yima coalfield under the combined effects of location in the
affected zone of a thrust fault, thick conglomerate in the coal seam
roof, large mining depth of working faces, and mining
disturbances are subject to frequent rockbursts in roadways.
Limited by length, three typical rockburst events in the
roadway were selected to analyze their characteristics and key
inducing factors.

3.2 Field Investigation
Among the rockburst events in the roadways of the Yima
coalfield, three caused severe economic losses, namely, those

on 3 November 2011, 27 March 2014, and 22 December 2015.
The characteristics of these three events are analyzed as follows.

3.2.1 Roadway Tunneling and Fault
The designed length of the 21,221 working face in the Qianqiu
coal mine and the length of the open-off cut are separately 1,520
and 180 m. The coal seam with an average thickness of 23 m
exhibits a dip angle of 10°~14°. The working face is the seventh
one in the downhill west wing of the No. 21 mining area, with the
goaf of 21,181 and 21,201 working faces to the north, coal to the
south, mine boundary to the west, and protective coal pillars for
the main roadways to the east. The layout plan of the working face
is illustrated in Figure 3.

The head entry of the 21,221 working face was tunneled along
the coal seam floor and buried at about 760 m underground. The
support combining cable anchors, 36U-shaped steel yieldable
support, and large-scale props was used in the roadway with a
cross-sectional area of 24 m2. Multiple rockburst prevention
measures including deep-hole water infusion in coal seams,
large-diameter pressure-relief boreholes, and deep-hole
pressure-relief blasting for roof, and floor breaking were taken
during tunneling.

A rockburst event happened at 19:18 p.m. on 3 November
2011, in the head entry of the 21,221 working face. According to
the microseismic (MS) monitoring, 3.5 × 108 J of energy was
released (ARAMIS), leading to a seismic magnitude of 4.1 (KZ-
301). The event caused not only significant casualties and
economic losses but also severe floor heave and deformation
of the head entry. In some sections, the roadway height was only
0.5~0.8 m, and lots of strengthened large-scale props skewed to
the upper side, and the two side walls were deformed remarkably.
The 36U steel yieldable support was distorted, with the legs of the
shed support on the upper side sliding inward to the roadway.
The minimum height of the roadway was less than 1.9 m, and the
minimum width was only 2.3 m, and the roadway was closed in
local sections. A site photograph of the rockburst in the local
section of the roadway is shown in Figure 4.

FIGURE 3 | Layout plan of the working face.

FIGURE 4 | Site photograph of rockburst in the head entry of the 21,221
working face.
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When the rockburst event occurred, the tail entry and the head
entry in the 21,221 working face were separately tunneled to 890
and 715 m, which were 382 and 73 m from the location of the
rockburst. The rockburst was 98 m from the F16 thrust fault in the
south. At the same time, the head entry was repaired and
maintained at seven locations. Therefore, the rockburst event
was mainly induced by roadway tunneling and roadway repair
and maintenance, as well as the fault, which is also one of the
possible inducements.

3.2.2 Coal Pillars and Tunneling Disturbance
The uphill return airway in the 21,032 working face of the
Qianqiu coal mine had a designed length of 152 m and was
tunneled horizontally for 28.5 m from the terminal of the
diversion of the underground station. After encountering the
floor of the 2# coal seam, it was tunneled upward with an
inclination of +22° for a length of 48.3 m. The tunneling was
turned on along the roof of the coal seam after exposing the roof.

The uphill return airway in the 21,032 working face was buried
497 m underground and supported by combining shotcreting
with wire mesh, 36U-shaped steel yieldable support, and 36U
strengthened pillars. The roadway had a cross-sectional area of
16.69 m2, and the slope change points were supported in
combination with anchor cables, 36U-shaped steel yieldable
support, and door-like scaffolds. The plan sketch of the
roadway is shown in Figure 5. Rockburst prevention measures
including deep-hole pressure-relief blasting and deep-hole water
infusion were taken in the tunneling period.

At 11:18 am on 27 March 2014, a rockburst event happened in
the uphill return airway of the 21,032 working face, for which it
was measured through MS monitoring to have an energy release
of 1.1 × 107 J (ARAMIS) and seismic magnitude of 1.9 (KZ-301).
Apart from large casualties and economic losses, the rockburst

event also caused distortion of the 36U steel yieldable support,
and the two side walls of a 20 m roadway section upward from the
lower slope change point were converged to different degrees,
along with the floor heave. At the position 50 m from the lower
slope change point, the roadway was closed, and there was only a
space of 0.8 m around on the lower side. Most 36U strengthened
pillars were bent. The two ventilation doors in the underground
station were significantly damaged so that the gas concentration
was as high as 9%. In addition, the No. 763 inclined belt conveyor
roadway, the strong belt head chamber, and the hoist house in the
No. 21 mining area nearby were also deformed to different
degrees. Figure 6 shows a site photograph of the rockburst in
the roadway.

When the rockburst event happened, the uphill return airway
of the 21,032 working face was tunneled to a location 85 m from
the return airway, and the station of the haulage roadway was
tunneled to 45 m, which were separately 20 and 88 m from the
location of the rockburst. The rockburst occurred at the roof at
the position 80 m from the eastern F3-7 fault. Figure 6 depicts that
there were many roadways around the tunneling face of the uphill
return airway in the 21,032 working face, which was easily
influenced by the stress-concentrated zone in the coal pillars.
Besides, the tunneling of the station to the haulage roadway also

FIGURE 5 | Layout plan of the roadway.

FIGURE 6 | Site photograph of rockburst in the uphill return airway.

FIGURE 7 | Layout plan of the working face in the Gengcun coal mine.
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exerted a certain disturbance on the uphill return airway. Hence,
stress concentration around the coal pillars and the tunneling
disturbance were the main triggers of the rockburst event.

3.2.3 Mining Disturbance
The 13,230working face in theGengcun coalmine extended eastward
to its boundary with the Qianqiu coal mine, and it was back-to-back
to the goaf of the 21,121working face in theQianqiu coalmine. To the
north of the working face was the stopped goaf of five working faces
including 13,210 and to the east and southwas unmined coal, with the
average burial depth of 622m. The layout plan of the working face is
shown in Figure 7. The cross section of the head entry of the 13,230
working face was supported by combining anchor cables and a 36U-
shaped fully enclosed steel yieldable support, with a net cross-sectional
area of 6,200mm × 4,150mm (width × height).

To avoid the occurrence of rockburst, many rockburst prevention
measures and monitoring and early warning methods were used in
the coal mine. Meanwhile, roadway support and hydraulic lift sheds
were both used for advanced support of the tail entry and the head
entry for 150 and 300m separately from the working face.

A rockburst event occurred in the head entry during the mining
period of the 13,230 working face of the Gengcun coal mine at 10:
42 a.m. on 22December 2015. It caused floor heave and reduction of
the cross section of the head entry of 150 m long expected for the
emergency exit. In addition, some electromechanical equipment,
transportation facilities, and supports in the roadway were damaged
or rolled over. The roadway in local areas was only 1.1 m high, and
30 of the total 35 hydraulic lift sheds were damaged. Figure 8 shows
a site photograph of the rockburst.

At the moment when the rockburst happened, the 13,230
working face was advanced for 36.0 and 29.7 m in the tail entry
and head entry, respectively, and the rockburst occurred within the
affected area of the mining-induced stress. Because the working face
was in the initial mining stage, the analysis indicates that the
rockburst event was induced by factors related to the mining
activities. In the geological environment, because of the induction
of triggering events such as external disturbances, the regional stress
field of the surrounding rock of the head entry of the 13,230 working

face will be suddenly changed, and a large amount of elastic energy
which is gathered in the body of coal will be suddenly released in the
form of vibration, sound, and coal or rock mass burst which stands
for an explosive power and seriously destroys the 150m mining
roadway from the working face (Liu et al., 2017).

The aforementioned analysis indicates that the rockburst in the
roadways of the Yima coalfield was mainly characterized by
remarkable floor heave, convergence of two side walls, and even
closure of roadways in some sections. It was also accompanied by the
deformation and damage of 36U-shaped steel supports and large-
scale props. Factors including mining disturbance, roadway repair
andmaintenance, roof weighting, and faultsmay change the regional
stress field in the surrounding rock of roadways, thus triggering the
rockburst.

4 MICROSEISMIC MONITORED THE
ENERGY CHARACTERISTICS OF TYPICAL
ROCKBURST EVENTS
Rock is an anisotropic and heterogeneous material. During crack
initiation, propagation, and coalescence, the energy stored in the
rock mass is released in a stress wave form, which then triggers
microseismic (MS) events (Konicek and Waclawik, 2018; Wang
et al., 2018; Li et al., 2019; Niu et al., 2022). Similar to earthquakes,
there is a complex activity process which is accompanied by the
formation of microcracks and the release of elastic energy inside the
rock mass before a rockburst (Li et al., 2016; Zhang et al., 2019;
Huang et al., 2020; Huang et al., 2021). It is possible to capture
precursory information by using MS monitoring equipment (Ma
et al., 2018; Liang et al., 2020; Xiang Li et al., 2021; Xue et al., 2021).

Regarding to the monitoring and early warning, a local
monitoring system consisting of the method of drilling, cuttings,
and mine pressure observation was formed in various coal mines of
the Yima coalfield. Besides, an electromagnetic radiometer, a
KJ550 on-line stress monitoring system, a microseismic (MS)
monitoring system, and a KZ-301 mining earthquake monitoring
device were also used to capture rockburst information through
multiple channels and means. In this way, a three-level early-
warning system enabled by an all-around and stereoscopic
monitoring network from the perspectives of coal mines, mining
areas, and working faces was formed.

Monitoring data shows that when there is no rockburst of the
roadway surrounding the rock, the fluctuation range of maximum
MS monitoring energy is small, but each rockburst event is
accompanied by a sharp increase of the MS monitoring energy.
Taking the rockburst on 3 November 2011 in the Qianqiu coal mine
as an example, the energy characteristics thereof through MS
monitoring were analyzed. Figure 9 shows the MS-monitored
energy and total frequency curves 10 days before the occurrence
of the rockburst. It can be seen from the figure that before the
occurrence of the rockburst, the MS monitored the maximum
energy, and the total energy changed slightly, with the maximum
energy of 3.5 × 107 J and its total frequency of 13, which happened on
21 October 2011. Then, 10 days before the occurrence of the
rockburst, the total frequency curve of the maximum energy was
found to have large fluctuations. On the day when the rockburst

FIGURE 8 | Site photograph of rockburst in the head entry of the 13,230
working face.
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happened, the maximum energy increased abruptly to 3.5 × 108 J,
although the total frequency was only 8.

According to the aforementioned research findings, abrupt
energy release is induced, and rockburst is caused in a roadway
within the affected zone of a fault under the disturbance of roadway
tunneling and repair. If only low energy is released abruptly, it is
shown as a low-energy event in the MS monitoring, during which
the rockburst of the roadway is insignificant. If the energy is released
slowly, it is shown as the deformation of the surrounding rock.

5 DISCUSSION

Based on the 108 rockburst events in the Yima coalfield during
2006–2015, the influence of buried depth, roadway driving, and
working face mining on rockburst is obtained. There are ultrathick

overlying strata in the Yima coalfield. After coal mining, the roof is
not easy to collapse and accumulates a lot of elastic energy. Under
the action of dynamic load factors such as mining disturbance,
roadway repair, blasting within the roadway and so on, the stress
field of the roadway surrounding rock will be changed, and the
plastic zone of the roadway surrounding rock expands rapidly
accompanied by the sudden releasing of accumulated elastic
energy (Afraei et al., 2018; Duan et al., 2019; Hosseini et al.,
2013). This burst dynamic disaster will lead to severe floor heave,
convergence of two side walls, and severe damage of supporting
body. Compared to the existing research, the research results of this
study illustrate the mechanism of typical rockburst events in the
Yima coalfield and provide support for the rockburst theory.

The inducing factors of roadway rockburst are not limited to the
mentioned factors, faults, folds, and working face pressure may also
induce rockburst (Sainoki and Mitri, 2014; Sainoki and Mitri, 2016;

FIGURE 9 | Curves of the MS-monitored energy and its frequency. (A) MS-monitored energy. (B) Frequency.
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Zhao et al., 2018; He et al., 2022). Under the action of external high
stress, coal near the roadway accumulates a large amount of elastic
energy. After external disturbance, the regional stress field of the
surrounding rock of the roadway changes suddenly, causing the
elastic energy in the coal and rock to be released in the form of
vibration, sound, and coal and rock throwing, and explosive dynamic
failure phenomenon occurs, so the cases of stress rockburst cannot be
completely ruled out in mines located in the Yima coalfield. Effective
measures should be taken so as to prevent the occurrence of rockburst
and promote the safemining of rockburstmines.Manymaterials and
equipment have been developed and used for the prevention of
roadway rockbursts. In addition, to reduce elastic energy
accumulation, coal seam properties can be changed by means of
water injection and pressure relief by large-diameter boreholes. In
order to reduce the disturbance effect, mining and roadway repair are
not carried out simultaneously and lower the mining speed. The
prevention and controlmechanismof rockburst should be researched
in the future research.

6 CONCLUSION

This study aimed to obtain the rockburst characteristics and influence
factors of roadways in the Yima coalfield by analyzing the roadway
rockburst events in the Yima coalfield during 2006–2015 and
microseismic monitoring energy. Compared with the published
literature, we mainly obtained the following conclusions:

(1) Under ultrathick strata, the Yima coalfield is affected by the
thrust fault so that the roadways are located in a high-stress
environment. In the study, factors including mining
disturbance, roadway repair and maintenance, and blasting
in roadways may change the regional stress fields in the

surrounding rock and induce rockburst. The rockburst shows
the following characteristics, including serious floor heave,
remarkable convergence of two side walls, remarkable
damage of support, and even closure of roadways.

(2) Rockburst in roadways mainly occurs in the mining period of
working faces and at locations of large burial depths within
the affected zone of mining-induced stress, accompanied by
abrupt energy release.
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