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Abstract

The complex stress environment in deep roadways, often exacerbated by thick and hard strata, frequently precipitates coal
bursts, posing significant safety hazards. This paper investigates the mechanisms and preventive methods for coal bursts
in the gob-side roadway floor (GSRF) under thick and hard roof in the Ordos region, China. First, the stress-distributing
characters of GSRF were analyzed then a stress calculation formula was derived. A mechanical model was developed to
determine the critical stress for buckling failure of the roadway floor strata. Criteria for the bursting instability of GSRF
were then established. The lateral static load from the adjacent gob, the advancing static load from the working face, and
the disturbance load from overlying thick and hard roof fractures combine to transmit high loads and energy to the road-
way floor via the “roof — rib— floor” pathway, causing increased stress concentration and energy accumulation. When the
conditions satisfy the criteria for bursting instability, coal bursts can occur on the roadway floor. To mitigate dynamic load
disturbances, the paper proposes roof regional fracturing and abrasive water jet axial roof cutting. Hydraulic reaming of
gutters in the roadway ribs and deep hole blasting at the roadway bottom corners are offered to alleviate the static loads on
the surrounding rock. The implementation of targeted prevention measures for dynamic and static loads effectively reduces
coal bursts in GSRF. These findings offer an example of preventing and controlling coal bursts in other mines of the Ordos
region with comparable geological conditions.

Keywords Deep coal mining - Thick and hard roof - Gob-side roadway - Coal burst - Dynamic and static loads - Instability
criteria

1 Introduction

China’s energy source relies mainly on coal, making up
roughly 55.3% of the country’s total energy consumption. As
the main coal supply base of China, the western region pro-
duces about 60.5% of the nation’s total coal output (China
National Coal Association. 2024). In the past few years, coal
mining has been steadily expanding to deeper areas caused
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of the widespread and intensive coal exploitation in this
region. For example, some new coal mines at Ordos, Inner
Mongolia, have reached mining depths of 600—750 m (Zhao
et al. 2023). The working faces in this area are characterized
by significant depth, height, and width, coupled with rapid
extraction rates, and are overlaid by multiple thick and hard
strata. These conditions create a complex stress environment
during deep and high-intensity mining, leading to frequent
coal bursts in the advanced section of the gob-side roadway
floor (GSRF) through the mining of the gob-side working
face (GSWF), posing a severe risk to miners and constrains
the secure and efficient extraction of coal resources. There-
fore, it is critical to investigate the mechanisms and preven-
tive methods of coal bursts in GSRF under such mining con-
ditions. The findings of this research will provide essential
guidance for preventing coal bursts in GSRF, promoting the
safe and efficient operation of coal mines.

Coal seam mining induces stress field redistribution,
affecting stress distribution in roadways and adjacent
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working face floors, potentially leading to roadway floor
damage and coal bursts. Global research efforts have exam-
ined stress calculation and distribution characteristics in
roadways and gob floors. Yang et al. (2020) established a
mechanical model for roadway floors affected by mining
activities, demonstrating asymmetric stress distribution
and establishing criteria for layered floor failure. Liu et al.
(2022) analyzed stress distribution patterns in working face
floors, analyzing characteristics of sectional floor damage.
They concluded that the asymmetric roadway floor damage
is attributed to contrasting failure modes in rock masses on
either side of the roadway. Shan et al. (2021, 2022) con-
structed a model to calculate the lateral abutment pressure
of gob floors, providing stress deviation distribution charac-
teristics, analyzing influencing factors, and revealing the gob
floor’s plastic failure mechanism. Additionally, Suchowerska
et al. (2013, 2014) simulated vertical and horizontal stresses
in floors and derived stress distribution patterns.

Early coal burst mechanism theories, including strength
theory (Cook 1965), stiffness theory (Wawersik et al. 1970;
Hudson et al. 1972; Linkov 1996), energy theory (Cook et al.
1966), and bursting liability theory (Bieniawski 1967) were
primarily developed by scholars from Germany, Poland, and
the Soviet Union. Building upon these foundational theo-
ries, Chinese researchers have conducted systematic and in-
depth studies, resulting in the development of several new
theories. These include the “three criteria” theory (Li 1985),
the “three factors” theory (Qi et al. 1995), the dynamic and
static loads superposition-induced burst theory (Dou et al.
2014; Li et al. 2015; He et al. 2017), the strength weakening
and reduction burst theory (Dou et al. 2005), the disturbance
response instability theory (Pan 2018; Pan et al. 2023), the
creep instability theory, the burst start-up theory (Pan et al.
2012), and the butterfly-shaped burst mechanism of road-
ways (Zhao et al. 2016). These mechanisms greatly enhance
comprehension of the coal burst process. However, research
on the coal burst mechanism in roadway floors remains
limited. Studies predominantly use numerical simulation
methods to simulate stress and energy distribution laws on
roadway floors. These simulations facilitate the analysis and
revelation of floor strata stability and the influencing factors
of coal bursts in the floor (Dong et al. 2021; Guo et al. 2021).
Additionally, investigations explore the influence of various
factors on coal bursts in the floor (Mu et al. 2019).

Scholars have not only investigated coal burst mecha-
nisms but also systematically studied prevention and con-
trol theories and methods for deposit conditions with thick
and hard roof. Hydraulic fracturing technology is utilized
for low-position thick and hard roof pressure relief, thereby
reducing the disturbance to the surrounding rock in road-
ways caused by roof rupture, thus preventing coal bursts
(Fan et al. 2012; He et al. 2012; Huang et al. 2018; Zhang
et al. 2022). Roof regional fracturing is applied to weaken
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the middle and high-position thick and hard strata, alter-
ing their properties, diminishing the dynamic load from
roof fracture, and easing the intensity of strata behavior
in stopes (Yu et al. 2019; Gao et al. 2021; Kang et al.
2022; Pan et al. 2022a). Furthermore, deep hole blasting
serves as a pre-splitting technique to induce destressing
(Ma et al. 2023; Wu et al. 2023), while directional tension
blasting technology induces directional slicing destress-
ing to reduce elastic energy accumulation and mitigate
dynamic load disturbance from energy release in thick and
hard roof conditions (Zhang et al. 2020; Wang et al. 2023a;
Yang et al. 2023). For roadway support to prevent coal
bursts, hydraulic supports equipped with energy absorp-
tion devices are implemented to reinforce roadway sup-
ports, absorb the energy from deformation and damage to
roadways, and reduce dynamic load disturbances (Pan et al.
2020; Guo et al. 2023; Tang et al. 2023). High-load, large-
deformation bolts, and energy-absorbing bolts are concur-
rently utilized to reinforce surrounding rocks of roadways.
These bolts effectively manage surrounding rocks defor-
mation and absorb energy from dynamic load induced by
roof fracture (Wang et al. 2022b, 2023b; Lou et al. 2023;
Zhou et al. 2023), thereby mitigating dynamic load result-
ing from thick and hard roof fracture (Wang et al. 2022a).
High-impact toughness bolts strengthen the support system
by enhancing its strength and energy absorption capacity.
The coordinated deformation of the support structure with
the surrounding rock facilitates energy absorption, thereby
increasing the support system’s resistance to impact and
reinforcing the stability of the roadway surrounding rocks
(Fu et al. 2019; Kang et al. 2020).

Current research endeavors have provided valuable
insights into stress distribution characteristics in roadway
floors, mechanisms of coal bursts, and effective preven-
tion and control strategies for coal bursts in thick and hard
roof conditions. However, research on the mechanism and
prevention methods of coal bursts in GSRF under thick
and hard roof conditions in the deep mining area of Ordos
remains limited. Addressing this problem, this study first
analyzes the stress distribution in GSRF to determine its
characteristics. Then, based on the strata fracture charac-
teristics when the coal bursts in the floor occur on-site, a
mechanical model of beam-buckling failure of floor strata
was established to obtain the critical stress for floor strata
failure. Based on this, a criterion for the bursting instabil-
ity of GSRF was proposed, revealing the mechanism of
coal bursts in GSRF. Drawing upon the mechanism of coal
bursts in GSRF, preventive and control measures for coal
bursts were proposed. The study provides valuable insights
for preventing and controlling coal bursts in GSRF under
thick and hard roof conditions in the Ordos region.
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2 Description of the study site

Over the past few years, several large coal mines have
been built in the Ordos region of China. Due to the deep
burial depth (600-750 m) and the influence of thick and
hard strata above the working face, these mines frequently
experience coal bursts in GSRF. This phenomenon sig-
nificantly affects the safe and efficient production of coal
mines. This study presents a case study of the Hongqginghe
Coal Mine in Xinjie of Ordos to investigate the mechanism
and prevention of coal bursts in GSRF. The study aims to
offer guidance for the prevention and control of coal bursts
in similar geological conditions in the region.

The Hongqginghe Coal Mine boasts a designed produc-
tion capacity of 15 Mt/a. It employs the vertical shaft
development method, primarily extracting from the 37!
coal seam. The 371101 working face resides in the southern
division of the mine. The 371103 working face, a continu-
ation of the 371101 working face, has an average depth
of 707.15 m, a width of 210 m, and an advancing length
of 2480 m. The coal seam thickness varies from 5.52 to
7.20 m, averaging at 6.36 m. Employing a fully mech-
anized mining method, the advance speed of the work-
ing face is about 8 m/d. Three roadways accompany the

working face: the 371101 material roadway, the 371103
belt roadway, and the 37'103 material roadway. During
the extraction process of the 371101 working face, signifi-
cant impact deformation occurred in the original material
roadway, which negatively impacted production. A new
material roadway for the 371101 working face was con-
structed, positioned 30 m from the previous one.

During the mining process of the 371103 working face,
the 371101 material roadway (gob-side roadway (GSR)) fre-
quently experiences coal bursts. The primary characteristics
include sudden cracking and bulging of the floor, subsid-
ence of the roof, and collapse of ribs, and bolts fracture.
The occurrence of coal bursts significantly compromised
the safety and production of the working face, emerging
as a major obstacle to the safe and efficient excavation of
the Hongginghe Coal Mine. The layout of the 37101, and
371103 working faces and typical bursting failure character-
istics of GSR are shown in Fig. 1.

In the Hongginghe Coal Mine, coal bursts occurring on
the GSR result in substantial bursting failure of the road-
way floor, a typical manifestation of coal bursts in the deep
mining area of Ordos. Previous research has demonstrated
a strong correlation between the occurrence of coal bursts
and stress concentration and energy accumulation within
the coal-rock mass (Gong et al. 2022; He et al. 2023). Coal
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Fig. 1 The layout of the 371101, and 37'103 working faces and typical bursting failure characteristics of GSR
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bursts in GSRF are closely related to the stress and energy
exerted on the roadway surrounding rock, especially the
stress distribution status of GSRF. Thus, this article first
analyzes the stress distribution of GSRF and obtains its
characteristics. Then, using the strata fracture character-
istics when the coal bursts in the floor occur on-site, a
mechanical model of buckling failure of the roadway floor
strata was established, and the stability of roadway floor
strata was analyzed, thereby determining the critical stress
required for the floor strata to fracture. Based on this, a
criterion for the bursting instability of GSRF was proposed,
and the mechanism of coal bursts in GSRF was revealed.
Finally, the preventive measures for coal bursts in GSRF
were proposed.

3 Stress analysis of GSRF

The GSR is subjected to the transfer load from the adjacent
gob roof and the mining activities at the working face, result-
ing in high stress and energy generation. This stress and
energy subsequently propagate to the roadway floor through
the roadway ribs, potentially causing high-stress concentra-
tion and energy accumulation within the floor strata. How-
ever, the GSREF, typically in an exposed state or with only
simple support, is susceptible to instability due to sudden
increases in stress or dynamic load disturbances. The coal
bursts in roadway floors arise when the floor strata exhibit
bursting liability. The stability of the floor strata significantly
influences not only the occurrence of coal bursts in roadway
floors but also the overall roadway. Consequently, an analy-
sis of the stress state of GSRF becomes imperative.

3.1 Stress distribution characteristics of floor
in GSWF

The excavation of underground roadways and mining of
working faces during coal extraction induce stress redistri-
bution in the surrounding rock, forming the mining-induced
stress field. This, in combination with the in-situ stress field
and the stress field generated by the support system, cre-
ates a complex stress environment in the coal mine (Kang
2008). According to Zhao et al. (2023), the GSR is primar-
ily subjected to lateral static load stress from the adjacent
gob, advanced abutment pressure from the mining of the
working face, and dynamic load disturbances caused by the
fracture of overlying thick and hard strata. These dynamic
and static loads are transmitted to the roadway floor via the
“roof — rib — floor” pathway, influencing the stress of the
roadway floor. Therefore, the stress distribution character-
istics of the floor in the GSWF significantly affect the stress
state of the floor. This section primarily analyzes the stress
distribution of the floor in GSWF under mining-induced
static load. Based on the mine pressure theory (Qian et al.
2010), the vertical stress distribution of the floor in front of
GSWEF is shown in Fig. 2.

According to Fig. 2, the vertical stress distribution of
floor can be divided into following sections from the gob to
the solid coal in front of GSWF: (1) the in-situ stress zone in
gob side (with the in-situ stress as yH); (2) the stress recov-
ery zone in gob (with the stress gradually increasing and
approaching the in-situ stress value); (3) the stress reduction
zone in gob side of coal pillar; (4) the stress increase zone
in coal pillar floor caused by the adjacent gob and the GSR
(with the stress higher than the in-situ stress and asymmetric
distribution, with peak stresses of K,;yH and K,yH); (5) the
stress reduction zone in roadway side of coal pillar; (6) the
unloading zone of GSRF; (7) the stress reduction zone in
roadway side of solid coal; (8) the stress increase zone in
solid coal, the range where the vertical stress of the floor
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Fig.2 Schematic diagram of vertical stress distribution of floor in front of GSWF under the mining influence
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exceeds the in-situ stress in the solid coal region (with a
peak stress of K;yH), and (9) the in-situ stress zone in solid
coal, beyond stress increase zone and away from the GSR,
the stress distribution in the floor transitions to the in-situ
stress. To simplify the calculation of floor stress in Sect. 3.2,
the vertical stress distribution curve of the floor is approxi-
mated by a linearization, as illustrated by the purple dashed
line in Fig. 2.

3.2 Stress analysis of the roadway floor

In the deep mining area of Ordos, coal bursts in floors
mainly occur in the advanced working face zone of GSR.
Therefore, in this section, we analyze the stress state of the
roadway floor in the advanced working face of GSR to lay
the foundation for revealing the mechanism of coal bursts
in GSRF.

Based on the stress superposition principle, the stress at
any point in the roadway floor can be decomposed into the
in-situ stress and the additional stress caused by the vertical
stress increment of the floor (Hua 1983). The in-situ stress
at a specific location within the roadway floor strata is deter-
mined by its distance from the surface. Consequently, the
process of determining the stress at any given point within
the roadway floor strata can be simplified to calculate the
additional stress induced by the vertical stress increment at
that point. With the coal pillar side of GSR, as the origin
O, the x-axis parallel to the floor pointing to the right, and
the y-axis perpendicular to the floor pointing downward, a
model is established for calculating the vertical stress incre-
ment and the additional stress of the floor in the advanced
section of GSWF, as shown in Fig. 3.

Based on Fig. 3, the linear load expressions for each seg-
ment are:

(G0 =ar+by = 2 (x+ Ly + L+ Ly + L) (<L =Ly —Ly— Ly <x<—Ly—Ly—L,)
g (x) = ax+ by, = K}‘—};H(X+L2+L3 +L4)—yH (—Lz—Lg—L4§x<—L3—L4)
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Fig. 3 Calculation model of vertical stress increment and additional stress of floor
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where g,(x) (i=1-7) is the function of the i-th segment linear
load, y is the average bulk density of the overlying strata, H
is the burial depth of the coal seam, L; (i=1-7) is the dis-
tribution length of the i-th segment linear load in the x-axis
direction, and K; (i = 1-3) are the stress concentration coef-
ficients of the gob side of coal pillar, the roadway side of
coal pillar, and the roadway side of solid coal.

Based on the solution methods in elasticity mechanics for
calculating the stress at a point caused by a distributed force on
the boundary of a half-plane body, we can calculate the addi-
tional stress produced by the vertical stress increment at any
given point in the floor (Xu 2018). Assuming a small length
d¢ at a distance ¢ from the origin O, the corresponding force
dF=q(&)d& can be defined as a minor concentrated force. The
stress caused by the minor concentrated force dFF =¢g(£)dé at
any point M (x, y) in the floor is given by:

fo. = 240 =y .
N R
29(8) Y’
do, = dé
| " e @
g = 24O G-
B CR T ¥

where o,, 6, and 7, are the horizontal stress, vertical stress,
and shear stress at point M (x, y), and g(&) is the load value
at point (&, y).

By integrating Eq. (2) over the interval [-L,-L,-Ls-L,, -L,-
Ls-L,], the additional stresses Ao,;, Aoy, and Az, caused
by the linear load g,(x) at any point M (x, y) in the floor can
be calculated using Eq. (3).

LL,L, —Ly-Ly-L, —&)?
Ao, = / do, = 2</ —ql(é)(x &y d¢

2
Li—L,—Ly—L, 7 J oL -L,-Ly-L, [(x o+ yz]

5 /—Lz—Ls_L4 % (E+Ly+ L+ Ly +Ly)(x - 5)2yd§

T

—Ly—Ly—Ly—L, [()C — 5)2 + y2]2
yH(x+ L +L,+ Ly +L,) x—¢&\ yHy
arctan| —— | — —1In
Ly Ly

yH(Ll +L,+L;+ L4)(x— &+ ;/H()c2 +y2 - éx)
7Ly [(x = &) +?]
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(3)
where Aoy, Aoy, and Az, are the additional horizontal
stress, additional vertical stress, and additional shear stress
caused by the linear load g,(x) at any point M (x, y) in the
floor.

Using the same method, the additional stresses Ao, Aoy,
A’Z'xyi (i=2-T7) caused by the linear loads g,(x) (i=2-7) at
any point M (x, y) in the floor can be calculated. According
to the superposition principle (Hua 1983), the stress at any
point M (x, y) in the floor can be obtained by superimpos-
ing the additional stresses caused by the linear loads g,(x)
(i=1-7) and the in-situ stress. Therefore, the stress expres-
sion at any point M (x, y) in the floor is:

Ao,

yl

A

7
Oy = Z Ao-xi + iY(H'l'y)

7
10, = D Aoy +y(H+) @)

where A is the lateral pressure coefficient, which is generally
taken as 1.2.

In this section, we mainly study the stability of the floor
strata under horizontal squeezing stress. Therefore, we only
calculate the additional horizontal stress caused by the linear
loads g,(x) (i=1-7) at any point M (x, y) in the floor.

&)

E=—L)-Ly-L,

[ = &7 +y*]-

§=—Li=Ly~Ly~Ly
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By substituting Egs. (5) to (11) into Eq. (4), the hori-
zontal stress o, at any point M (x, y) in the floor under the
mining influence can be obtained.
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Fig.4 Distribution of horizontal stress of the floor at different depths
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3.3 Distribution of horizontal stress in roadway
floor

In order to verify the reliability of the calculation method
of horizontal stress in GSWF was proposed in Sect. 3.2,
and also to provide a reference for the stability analysis
of roadway floor strata. The calculation of the distribu-
tion law of horizontal stress on the roadway floor was car-
ried out with Hongqinghe Coal Mine as the engineering
background. Considering the geological data, field meas-
urements, and numerical simulation results of the Hong-
ginghe Coal Mine, the following parameters are taken into
account: the average burial depth H of the 37! coal seam is
730 m, the average bulk density y of the overlying strata
is 25 kN/m?>, the lateral pressure coefficient 1 is 1.2, the
stress concentration coefficients K; (i =1-3) are 2.0, 1.7,
and 1.6, and the widths of the linear loads L; (i=1-7) are
60, 9, 23, 8, 5, 8, and 50 m. By substituting these param-
eters into Eq. (4), the horizontal stress o, at any point M
(x, y) in GSRF can be calculated. The distribution of hori-
zontal stress of the floor at different depths under mining
influence can be obtained using MATLAB software, as
shown in Fig. 4.
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Figure 4 demonstrates that the excavation of the road-
way and the mining of the working face cause a redistribu-
tion of horizontal stress in the floor. The gob and GSRF
experience a significant reduction in horizontal stress, with
a reduction rate of approximately 74.89%. Conversely, the
sides of the coal pillar and solid coal exhibit a significant
increase in horizontal stress, with growth rates of approxi-
mately 73.52% and 48.86%, respectively. The horizontal
stress in each region increases or decreases accordingly
with increasing floor depth. As the floor depth approaches
25 m, the horizontal stress in the floor becomes approxi-
mately uniformly distributed and tends to a constant value.

The horizontal stress of the floor, particularly in the
GSREF, significantly influences the stability of the floor

Fig.6 Photos of bursting failure
of roadway floor, and schematic
diagram of buckling burst-

ing failure of roadway floor:

a Photos of bursting failure of
roadway floor, b Schematic
diagram of buckling bursting
failure of roadway floor

Fig.7 Mechanical model of
beam-buckling failure of road- y
way floor N

strata and the occurrence of floor bursts. Horizontal stress
variations in floor strata under mining disturbance calcu-
lated using the proposed method (Sect. 3.2) elucidate stress
distributions in different zones and floor depths, as shown
in Fig. 5.

Figure 5 demonstrates substantial horizontal stress vari-
ations across distinct floor zones as floor depth increases.
These variations include phenomena of horizontal stress
unloading and stress concentration. For this study, the
stress unloading coefficient is defined as the ratio of
the difference between the in-situ stress and the actual
stress to the in-situ stress. In the gob, the floor experi-
ences stress unloading within a certain depth range, and
the stress unloading coefficient exhibits a decreasing trend
from 0.64 to 0.04 with increasing floor depth. At a floor
depth of 25 m, the horizontal stress within the gob floor
progressively converges towards the in-situ stress state.
Within the coal pillar floor, the horizontal stress under-
goes stress concentration, exhibiting a gradual approach
towards the in-situ stress state as the floor depth increases.
As the floor depth increases, the stress concentration coef-
ficient exhibits a decreasing trend, transitioning from 1.65
to 1.10. Beyond a floor depth of 10 m, the horizontal stress
within the coal pillar floor progressively converges towards
the in-situ stress state. Within a specific depth range, the
horizontal stress within the solid coal undergoes a stress
concentration phenomenon. With floor depth increases, the
stress concentration coefficient exhibits a decreasing trend,
transitioning from 1.39 to 1.06. At a floor depth of 25 m,
the horizontal stress within the solid coal progressively

Buckling bursting failure
of roadway floor

.- - -

[ ='FB
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converges toward the in-situ stress state. Conversely, the
horizontal stress within the roadway floor experiences a
transition from stress unloading to stress concentration
with increasing floor depth. With a progressive increase
in floor depth, the horizontal stress gradually converges
towards the in-situ stress state. The peak stress unload-
ing coefficient in the roadway floor reaches approximately
0.52, while the peak stress concentration coefficient attains
a value of approximately 1.25.

4 Criteria and mechanism for the bursting
instability of GSRF

4.1 Analysis of the mechanical behavior
for buckling bursting failure in roadway floor

In underground coal mines, the strata exhibit a laminated
distribution. When the roadway floor strata are subjected to
high horizontal compressive stress, it undergoes delamina-
tion. This process initiates from the top and progressively
bends and bulges into the roadway layer by layer. The rate of
layer cracking decreases as the distance from the free surface
of the floor increases. This continues until a certain layer of
the floor strata no longer satisfies the conditions for bending
failure, at which point the depth of the floor failure stops
increasing. Within the strata of GSREF, if the strata exhibit
high strength and strong bursting liability, it will accumulate
a substantial amount of elastic energy under the influence of
high horizontal stress. This accumulation may suddenly lead
to the buckling bursting failure of the roadway floor under
external dynamic load disturbances. The behavior character-
istics of coal bursts in GSRF at the Hongqginghe Coal Mine,
as shown in Fig. 6.

Upon the extraction of the coal seam, the elevated stress
and energy within the surrounding rock of the roadway
transmitted from the roof to the floor through the coal body
in roadway ribs. Upon reaching its critical value for buckling
failure, the horizontal stress exerted within the floor strata
initiates floor buckling. This failure of the roadway floor
provides space for the bulging of roadway bottom corners,
which can potentially lead to failure of the roadway ribs,
ultimately escalating to a severe roof fall hazard. Within the
complex stress environment resulting from the combined
influence of high static load and disturbance dynamic load
in deep mining, the likelihood of a coal burst occurring in
the roadway is elevated. Therefore, a comprehensive analysis
of the stability characteristics of the roadway floor strata is
of paramount importance.

In order to understand the instability and failure mecha-
nism of the roadway floor strata, mechanical analysis of a
specific layer of the roadway floor is conducted, considering
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the distribution characteristics of the strata in underground
coal mines. Strictly speaking, for layered strata in roadways,
the instability mechanism of the floor strata under horizon-
tal compressive stress should be analyzed according to the
instability theory of the plate. However, when the distance
along the roadway axis is twice beyond the roadway width,
the mechanical model can be simplified to a beam model.
According to Cao et al. (2013), this study establishes a
mechanical model for beam-buckling failure of the roadway
floor, as shown in Fig. 7.

Figure 7 considers only the horizontal compressive stress
and the self-weight stress exsert on the strata. According to
the theory of mechanics of materials (Sun et al. 2009), the
approximate differential equation for the deflection curve of
the roadway floor strata is:
dz_“’ = _M@) (12)
dx? El
where o is the deflection of the roadway floor strata, M(x) is
the bending moment at the section x from the origin O, E is
the elastic modulus of the roadway floor strata, and / is the
moment of inertia of the roadway floor strata.

From the equilibrium state of the roadway floor strata, it
is known that > M =0, which means:

M)+ Fyx—M, — %qxz—Fa)zo (13)

where F, is the support reaction at point A, M, is the bend-
ing moment at point A, ¢ is the uniformly distributed load
formed by the self-weight of the roadway floor strata, and F
is the horizontal compressive stress exerted on the roadway
floor strata.

From Eq. (13), it can be derived that:

2
M(X)ZMA_FAX+%CIX2+FCO=g<x2—lx+l—> +Fw

2 6
(14)

where [ is the width of the roadway.

Substituting Eq. (14) into Eq. (12):
d’w q 5 2 Fo
“v___1 — e+ v
o2 2E <x )T E as)

Let k2 = g and substitute it into Eq. (15):
d2w 2 _ Clkz 2 12
e +kw= F lx+6 (16)

Equation (16) is a second-order non-homogeneous dif-
ferential equation with constant coefficients, and the gen-
ezral solution of the associated homogeneous equation
L2+ Ko =0is:
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w, = Acoskx + Bsinkx (17)

where A and B are undetermined constants.
The particular solution corresponding to the non-homo-
2 2
geneous term —% (x2 —Ix+ %) of Eq. (16) is:

2
W, = q<x+lx—l—+2> (18)

2F 6 K

Therefore, the general solution of Eq. (16) is:

2
®=w; +w, =Acoskx+ Bsinkx + %( —x +lx_%+kzz>

19)

Based on the boundary conditions: w(x=0)=0

dw

T\x= é):O, the two undetermined constants can be

derived from Eq. (19) as:
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Clearly, the maximum bending stress of the roadway floor

(20)

strata occurs at the middle of the roadway x = é, and its
value is:
M(x) F ql2 1\/6\ F
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where W is the flexural section modulus, and # is the delami-
nation layer thickness of the roadway floor strata.

When (g) — oo in Eq. (21), it means that the roadway

floor strata fail to resist the horizontal compressive stress F,
indicating the risk of buckling failure of the floor. At this
point, the following conditions must be satisfied:

kl z _ Qn+Drx

=nr +

> . s (1=012.) (22)

Therefore, the critical horizontal pressure for the buckling

failure of the roadway floor strata is:

_ 72El _ 72ER?
<« 2 1212

(23)

where F,, is the critical horizontal pressure for the buckling
failure of the roadway floor strata.

Assuming the width of the floor rock beam is taken as
one unit along the axis of the roadway, the critical horizontal
stress for the buckling failure of the roadway floor strata is:

F.,  z2ERW?

%= T e

= 24)

where o, is the critical horizontal stress for the buckling
failure of the roadway floor strata, and S is the cross-sec-
tional area of the floor rock beam.

Equation (24) reveals that the critical stress o,,, responsi-
ble for the buckling failure of the roadway floor strata, corre-
lates primarily with the elastic modulus E of the floor strata,
the delamination layer thickness /, and the roadway width
l. To elucidate the relationship between the o, and the vari-
ables E, h, and [, analysis using the control variate method
is conducted as follows: (1) Taking / as 5 m, E as 2—-12 GPa,
and % as 0.1-0.6 m. (2) Taking E as 8 GPa, [ as 3.0-5.5 m,
and & as 0.1-0.6 m. (3) Taking & as 0.4 m, E as 2—-12 GPa,
and / as 3.0-5.5 m. By substituting the above parameters into
Eq. (24), the variation of the ¢, for the buckling failure of
the roadway floor strata with the variables E, i, and [ can be
obtained, as shown in Fig. 8.

From Fig. 8, it can be seen that E, h, and [ have a signifi-
cant influence on the o,,. Specifically, o, is positively corre-
lated with E and h, and negatively correlated with . By cal-
culation, it can be found that the increase rate of ¢, with the
increase of E is approximately 0.33 — 14.61 MPa/GPa. The
increase rate of ¢, with the increase of £ is approximately
4.60 — 27.61 MPa/0.1 m. The decrease rate of 6., with the
increase of [ is approximately -73.88 — -2.05 MPa/m. The
analysis above demonstrates that the stability of the road-
way floor strata can be enhanced by modifying its elastic
modulus, preventing or reducing delamination, and increas-
ing layer thickness. Practical measures include applying
pre-stressed (grouted) anchor/strand bolts to the roadway
floor, implementing grouting in boreholes, and reinforcing
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surrounding rock with steel pipe concrete. Furthermore, it is
advisable to reduce the roadway width as much as possible.
These measures collectively serve to increase the critical
stress threshold for the buckling failure of the roadway floor
strata. As a result, the roadway floor strata can withstand
higher static load and disturbance dynamic load, thereby
improving the stability of the roadway floor strata and pre-
venting or reducing the incidence of coal bursts in the road-
way floor.

4.2 Criteria of the coal bursts in roadway floor

Section 4.1 analyzed the stability of the roadway floor strata
under horizontal static load, but the roadway floor strata are
also subjected to dynamic load disturbances arising from
the fracture of the thick and hard roof above the working
face. Consequently, the total stress experienced by the road-
way floor strata should include both static load stress and
dynamic load stress. As the horizontal stress within the road-
way floor strata approaches the critical stress threshold for
floor strata failure, the roadway floor strata enter a critically
unstable state, increasing the likelihood of coal bursts in the
floor under the influence of external dynamic disturbances.

Zhao et al. (2023) proposed a method for calculating the
disturbance dynamic load generated during the synchro-
nous breakage of the overlying sub-key stratum in the fully
mining stage of an adjacent working face. Employing this
method and specifically considering the disturbance induced
by roof breakage on the roadway floor strata in the horizon-
tal direction, the disturbance dynamic load exerting on the
roadway floor strata in the horizontal direction, generated
during the synchronous breakage of the overlying sub-key
stratum in the fully mining stage of the adjacent working
face, can be obtained as:

215 2 5 2 g5\ 03566
gL +q. L. +L+qg [
Oy = 00645deV5 '1( zI"z1 zII 822] zn zn) IH
(25)

where o, is the dynamic load stress in the horizontal direc-
tion caused by the disturbance dynamic load, K, is the
conversion coefficient for the dynamic load stress in the
horizontal direction, p is the medium density, Vg is S-wave
propagation velocity, # is the energy conversion coefficient,
which can be taken as 0.1% to 1.0% (Dou et al. 2001), g,
4 --- 4,y are overlying strata loads of the sub-key stratum
LII...n, L Ly ... I, are the periodic breakage distances
of the sub-key stratum I, I ... n, E is the elastic modulus of
the roof strata, J is the moment of inertia, L is the distance
of the vibration wave propagation caused by the breakage
of the key stratum, and y is the attenuation index, which can
be taken as 1.526 (He et al. 2015).
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In underground coal mines, the roadway floor strata often
exhibit various defects, including joints, fractures, and fail-
ure surfaces, compromising their integrity and strength.
Consequently, the effective critical stress for buckling fail-
ure of the roadway floor strata needs to be appropriately
reduced from the critical horizontal stress value obtained
from Eq. (24).

Based on the analysis above, the criteria for bursting
instability of the roadway floor can be obtained from Egs.
(4), (24), and (25) as:

Oy, :o-xj + Oxd

7
= ) Ao, + Ay(H+y)
i=1

275 275 215 0.3566
aul + @by +L+q 1
+ 00()45](deg n ( 71771 Al 82] zn zn)

L

> (o,

(26)
where o, is the total stress of the roadway floor strata in the
horizontal direction, o,; is the static load stress in roadway
floor strata in the horizontal direction, and ¢ is the reduc-
tion coefficient for the critical horizontal stress, which is
generally taken as 0.6 to 0.8, the literature (Pan et al. 2006)
suggests using 0.8.

4.3 Mechanism of the coal bursts in roadway floor

In the preceding section, a comprehensive analysis of the
stress distribution characteristics of GSRF was conducted.
Subsequently, a model for buckling failure of the roadway
floor strata was established, enabling the stability analysis of
the roadway floor strata. Furthermore, the criteria for burst-
ing instability of the roadway floor were proposed. Based
on the above research, the mechanism of the coal bursts in
GSREF can be derived as follows:

(1) The deep mining area of Ordos currently operates at a
depth of 600 — 750 m, which implies a large founda-
tion static load on the surrounding rock of the roadway
due to the significant mining depth. During the initial
production phase in this area, coal pillars with a width
varying from 20 — 40 m are left behind. This practice
generates high-stress concentration and energy accu-
mulation in the local area of the coal pillar and the sur-
rounding rock of GSR. Consequently, these conditions
act as the static load source, triggering the coal bursts
in GSRF.

(2) Within the deep mining area of Ordos, the coal seams are
overlain by thick and hard strata, which effectively store
substantial energy. A significant quantity of elastic energy
is accumulated within the overlying thick and hard strata

as the roof becomes suspended. Upon reaching its maxi-
mum span, the roof breaks, releasing the stored elastic
energy in large quantities. This sudden release of energy
manifests as a disturbance dynamic load, which acts as
the primary trigger for coal bursts in GSRF.

(3) In the extraction of GSWF, the surrounding rock of
GSR undergoes the combined influences of lateral static
load from the adjacent gob, advanced static load from
the working face, and disturbance dynamic load from
the fracture of the overlying thick and hard roof. The
high stress and energy are transmitted to the roadway
floor through the “roof — rib — floor” pathway, leading
to a concentration of high stress and an accumulation
of energy within the roadway floor. Consequently, the
roadway floor strata reach a critical state of instability,
transforming the roadway floor into a high-risk area for
coal bursts. The risk of coal bursts is amplified by the
absence or the inadequacy of support provided to the
roadway floor. As stress and energy accumulate due to
the combined effects of dynamic and static loads, once
the criteria for bursting instability of the roadway floor
are met, the high stress and energy stored within the
floor strata are instantaneously released. This sudden
release triggers a dynamical response of the roadway
floor, such as abrupt bulging and cracking, leading to
coal bursts in GSRF.

5 Preventive measures for coal bursts
in GSRF

The research presented in Sect. 4 identifies two primary
causes of coal bursts in GSRF under thick and hard roofs:
(1) Large burial depth results in substantial foundation
static load on the surrounding rock. Stress and energy
transmission from the roof to the roadway floor through
the “roof — rib — floor” induce stress concentrations at the
roadway’s bottom corners. Weak support at the roadway’s
bottom corners, combined with dynamic load disturbances,
can induce localized failures and potentially trigger road-
way floor bursts; (2) The sudden fracture of the thick and
hard roof generates dynamic load. These loads, transmitted
through the “roof —rib — floor” pathway, create dynamic
load disturbances within the surrounding rock. The com-
bined effect of dynamic load disturbances and high static
load induces horizontal stress in the floor exceeding the
critical value for bursting instability, leading to coal bursts
in the floor.

To mitigate dynamic load caused by thick and hard roof
fracture, this paper proposes two methods: roof regional
fracturing and abrasive water jet axial roof cutting. These
techniques aim to mitigate or slow down dynamic load dis-
turbances. To reduce the high static load in the surrounding
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Fig.9 Schematic diagram of surface horizontal well fracturing (modified from reference (Pan et al. 2023))

rock, the paper proposes two methods: roadway ribs hydrau-
lic reaming of gutters, and roadway bottom corners deep
hole blasting. The goal of these methods is to reduce founda-
tion static load stress. By implementing these dynamic and
static load prevention measures, the instability criteria are
not met, effectively preventing coal bursts in GSRF.

5.1 Regional fracturing in thick and hard roof

To mitigate dynamic load caused by thick and hard roof
fracture, surface horizontal well fracturing and underground
ultra-long horizontal hole fracturing are proposed. The
proposed methods aim to weaken the thick and hard roof,
inducing timely collapse during mining, thereby preventing
abrupt stress and energy release that generate dynamic load
disturbances.

5.1.1 Surface horizontal well fracturing
Traditional hydraulic fracturing in underground coal mines

faces constraints due to construction conditions, equip-
ment, and technology. The effective range of roof fracturing

typically does not exceed 50 m above the coal seam, which
is ineffective for relieving pressure from high-position thick
and hard strata (Yu et al. 2019). In 2020, CCTEG Coal
Mining Research Institute proposed the implementation of
ground horizontal well-segmented fracturing measures on
the thick and hard roof. This technique aims to fracture and
depressurize from the thick and hard strata above the work-
ing face, thereby mitigating the coal burst disasters in coal
mines. The schematic diagram of surface horizontal well
fracturing is shown in Fig. 9.

Horizontal well fracturing involves drilling from the sur-
face into the thick and hard strata overlying the coal seam.
Horizontal well fracturing is used to reduce the integrity
and strength of the high-position thick and hard strata. This
enables controlled fracturing and timely collapse of the thick
and hard strata, preventing sudden fracture and associated
dynamic load on the surrounding rock of the roadway. Con-
sequently, this technique minimizes the risk of coal bursts
on the roadway floor.

Fig. 10 Schematic diagram of underground ultra-long horizontal hole fracturing (modified from reference (Pan et al. 2022b))
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5.1.2 Underground ultra-long horizontal hole fracturing

The surface horizontal well fracturing is subject to terrain
and ground construction. The procedures of land acquisition,
road construction, and compensation are lengthy, making the
construction timeline challenging to guarantee. Additionally,
the construction cost is high. Therefore, in suitable under-
ground conditions, ultra-long horizontal hole segmented frac-
turing effectively fractures middle and high-position thick
and hard strata, promoting timely fracture and collapse of
the thick and hard roof as the working face advances. Con-
sequently, this approach mitigates dynamic load disturbances
induced by the fracturing of the thick and hard overhanging
roof. It also significantly reduces the likelihood of coal bursts
in roadways. The schematic diagram of underground ultra-
long horizontal hole fracturing is shown in Fig. 10.

The underground ultra-long horizontal hole segmented
fracturing can effectively weaken the middle and high-posi-
tion thick and hard roof. It creates a network of cracks within
the thick and hard strata, thereby reducing their strength.
Fracturing weakens the transfer of dynamic and static loads
from the overlying strata, transforming stress transfer from
“hard transfer” to “soft transfer”” during mining. This reduces
the static load stress on the coal and rock mass. Additionally,
the weakened thick and hard roof fractures and collapses in
a controlled manner during mining, minimizing thick and
hard roof overhang and reducing dynamic load disturbances.
Consequently, the total stress exerted in roadway floor strata
remains below the critical value for inducing coal bursts,
effectively preventing coal bursts in the roadway caused by
thick and hard roof fractures.

5.2 Abrasive water jet axial roof cutting

Abrasive water jet axial roof cutting creates parallel or per-
pendicular fractures within the roof, enabling controlled
fracturing along predetermined cracks, thereby precisely
managing the thick and hard roof. This technique mitigates
dynamic load disturbances caused by abrupt fracturing of
the large-scale overhanging roof, while also reducing min-
ing-induced static load stress (Xia et al. 2020b). Generally,
the abrasive water jet axial roof cutting is executed in the
roadway of the previous working face to create fractures
in the strike and incline directions. The schematic diagram
of abrasive water jet axial roof cutting is shown in Fig. 11.

Without abrasive water jet axial roof cutting, the thick and
hard roof above the working face may overhang during min-
ing (Fig. 12a). In such cases, the load from the overhanging
roof transfers to the surrounding rock and coal pillars of the
GSR, resulting in increased stress. Concurrently, the abrupt
fracturing of thick and hard roofs generates a dynamic load
that could induce coal bursts in GSR.

N\\.27
Drill hole
e Mining direction

Adjacent working face

Working face e

Fig. 11 Schematic diagram of abrasive water jet axial roof cutting

Upon implementing the abrasive water jet roof cutting,
the roof strata fracture along predetermined fractures in both
strike and incline directions, avoiding the formation of the
overhanging roof (Fig. 12b). In this case, significantly reduc-
ing the lateral load of gob transfers to the surrounding rock
and coal pillars of GSR. Stress on the GSR and coal pillar
is reduced, and timely fracture of the roof prevents dynamic
load generation. The combined loads on the surrounding
rock remain below the critical value for bursting instability,
preventing its occurrence in GSR.

5.3 Roadway ribs hydraulic reaming of gutters

As indicated in Sect. 4.3, coal bursts in GSRF primarily
occur due to the combined dynamic and static loads of the
roadway floor exceeding the critical value for floor bursting
instability. The roadway ribs are the main areas where stress
and energy are concentrated and accumulated. They also
serve as the medium for stress and energy transfer from the
roadway roof to the floor. Therefore, pressure relief in the
coal body of roadway ribs can effectively reduce stress on
the roadway floor, thereby mitigating the risk of coal bursts.

Conventional stress relief methods for the coal body of
roadway ribs using large-diameter boreholes are influenced
by borehole diameter and the extent of borehole collapse.
Consequently, controlling the stress relief effect proves chal-
lenging. To address these issues, a high-pressure rotating
water jet can be used to create an artificial cavity within the
borehole, which exceeds the borehole’s diameter, thereby
broadening the pressure relief space. Field practice demon-
strates that the size of the cavity after hydraulic reaming is
45-60 times that of a 150 mm borehole, with an effective
pressure relief radius of 4.0 m (Xia et al. 2020a). This allows
for sufficient stress relief of the coal body in roadway ribs.
The schematic diagram of roadway ribs hydraulic reaming
of gutters, as shown in Fig. 13.

The schematic diagram of stress distribution and trans-
fer in the surrounding rock of the roadway before and after
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Fig. 12 Schematic diagrams of
the roof structures and stress
distribution in the surrounding
rock of GSR before and after
the implementation of abrasive
water jet axial roof cutting. a
Before the implementation of
abrasive water jet axial roof
cutting for stress relief; b After
the implementation of abrasive
water jet axial roof cutting for
stress relief

the implementation of roadway ribs hydraulic reaming of
gutters, as shown in Fig. 14. Figure 14a demonstrates that
without stress relief measures in roadway ribs of GSR,
stress transmitted from the roof to the floor through the
coal body in roadway ribs leads to high-stress concentra-
tion and energy accumulation. Under dynamic load distur-
bances, when the stress and energy exceed the critical value
for floor bursting instability, coal bursts occur. Figure 14b
illustrates that the implementation of stress relief measures
in roadway ribs of GSR significantly weakens the ability of
the coal body to transmit stress and energy. This interven-
tion effectively obstructs stress transmission from the roof
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breaking
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to the floor through the coal body, leading to reduced stress
and energy transferred to the roadway floor. This helps to
avoid the formation of high-stress concentration and energy
accumulation, effectively reducing the static load stress level
and preventing coal bursts under dynamic load disturbances.

5.4 Roadway bottom corners deep hole blasting

Implementing roof regional fracturing or abrasive water jet
axial roof cutting to treat the thick and hard roof mitigates
dynamic load disturbances resulting from the fracture of the
thick and hard roof. Subsequently, to further reduce the static
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Fig. 13 Schematic diagram of
roadway ribs hydraulic reaming
of gutters (modified from refer-
ence (Xia et al. 2020a))

[

Artificial cavity

Coal pillar

load stress on the coal body and weaken stress transfer from
the roof to the floor, roadway ribs hydraulic reaming of gut-
ters is recommended. If coal bursts still manifest despite
these measures, blasting at the bottom corners of the road-
way ribs can be employed to further impede the transmission
of high stress and energy from the roof to the floor via the
roadway ribs (bottom corners). This prevents the formation
of high horizontal stress in the roadway floor, ensuring that
the dynamic and static loads in roadway floor strata do not
exceed the critical value for bursting instability of the road-
way floor, effectively preventing coal bursts.

Stress distribution and transfer characteristics in the road-
way, without bottom corners deep hole blasting, mimic those
observed prior to the implementation of hydraulic reaming
along the roadway ribs for stress relief (Fig. 14a). Stress
transmitted from the roof to the floor via the coal body in
roadway bottom corners induces high-stress concentration
and energy buildup in the floor, potentially causing coal
bursts under dynamic load disturbances.

Figure 15 illustrates the altered stress distribution and
transfer pattern in the surrounding rock of the roadway after
the implementation of deep hole blasting at the bottom cor-
ners of the roadway ribs. Deep hole blasting in the roadway
bottom corners diminishes the stress and energy transmis-
sion capacity of the coal body in the bottom corners. This
“blocking” effect reduces the stress and energy reaching the
roadway floor. This helps to avoid the formation of high-
stress concentration and energy accumulation on the road-
way floor. Consequently, the static load stress level on the
roadway floor is effectively reduced. Stress and energy levels
remain below the critical threshold for bursting instability in
the roadway floor under dynamic load disturbances, effec-
tively preventing coal bursts.

In the above methods for preventing coal bursts in GSRF,
regional fracturing can be applied to a large area of the thick
and hard roof over the working face in advance. This weak-
ens the roof, reducing the dynamic load when it breaks.
The pressure and flow rate of the fracturing fluid used in
surface horizontal well fracturing are greater than those in
underground ultra-long hole fracturing, resulting in a better
pressure relief effect. Therefore, this method is the preferred
choice under suitable conditions. Abrasive water jet axial
roof cutting can be used within the roadway to relieve pres-
sure locally on the lateral roof of the working face. This

High pressure water jet

Crawler

Drill pipe i
type drill High-pressure

promotes the breaking of the lateral roof during the mining
process, avoiding the formation of stress concentration and
dynamic load. It can be used for local pressure relief. Road-
way ribs hydraulic reaming of gutters can relieve pressure
locally on coal bodies with high static load stress, reducing
the static load stress of the coal and rock mass. Roadway bot-
tom corners deep hole blasting can be used at local positions
to block the stress and energy from the surrounding rock of
the roadway transferring to the floor, thereby reducing the
stress on the floor strata.

The proposed methods for preventing coal bursts in GSRF
are based on the mechanism of coal bursts in GSRF under
the thick and hard roof. Effective control of coal bursts in
GSRF necessitates the selection of appropriate prevention
measures that align with the specific mining conditions,
behavior characteristics of coal bursts in the floor, and pre-
vailing underground construction conditions.

6 Conclusions

This paper takes the Hongqinghe Coal Mine as an engi-
neering background, the stress distribution characteristics
of GSRF were analyzed, and a stress calculation formula for
GSRF was derived. A mechanical model of buckling fail-
ure of the roadway floor strata was established. This model
facilitates the calculation of critical stress leading to buck-
ling failure in floor strata. Based on these findings, criteria
for bursting instability of GSRF were proposed. The paper
further elucidates the mechanism of coal bursts in GSRF.
Finally, it proposes methods to prevent coal bursts in GSRF.
The primary conclusions are summarized as follows:

(1) The vertical stress increment and additional stress
calculation model of GSWF was established, and the
stress calculation formula for GSRF was derived. The
analysis shows that the horizontal stress in the roadway
floor undergoes a stress unloading state followed by a
stress concentration state as the floor depth increases.
As the floor depth continues to increase, it gradually
approximates the in-situ stress state.

(2) A mechanical model was developed to investigate the
beam-buckling failure of roadway floor strata, and a
formula was derived to calculate the critical horizon-
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Surface

(b)

Fig. 14 Schematic diagram of distribution and transfer of stress in the
surrounding rock of the roadway before and after the implementation
of roadway ribs hydraulic reaming of gutters. a Before the implemen-
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tation of abrasive water jet axial roof cutting for stress relief; b After
the implementation of abrasive water jet axial roof cutting for stress
relief
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Fig. 15 Schematic diagram of distribution and transfer of stress in the surrounding rock of the roadway after the implementation of roadway bot-

tom corners deep hole blasting
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tal stress for this failure mode. The critical horizontal
stress exhibits a positive correlation with the elastic
modulus of the roadway floor strata and the delamina-
tion layer thickness, while it shows a negative correla-
tion with the roadway width. Based on the dynamic and
static load stress on the GSRF and its failure critical
stress, criteria for bursting instability of GSRF were
proposed.

(3) High static and dynamic loads are imposed on the
GSR. This results in a stress concentration and
energy accumulation in the roadway floor, attribut-
able to the high stress and energy transfer through the
“roof — rib — floor” pathway. Upon reaching the criti-
cal conditions for bursting instability, the accumulated
stress and energy are released instantaneously, trigger-
ing dynamic responses such as abrupt cracking and
bulging of the roadway floor, leading to coal bursts in
GSRF.

(4) Reducing the dynamic load caused by the thick and
hard roof fracturing, as well as reducing (relieving) the
static load (energy) of the roadway surrounding rock
is crucial for the prevention and control of coal bursts
in GSRF. The regional fracturing and abrasive water
jet axial roof cutting were proposed to mitigate the
dynamic load. To reduce the static load of the roadway
surrounding rock, roadway ribs hydraulic reaming of
gutters and roadway bottom corners deep hole blasting
were proposed. By implementing the above measures
to control both dynamic and static loads, the criteria for
bursting instability of GSRF can not be held, and the
coal bursts in GSRF can be effectively controlled.
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