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Deep-hole blasting roof cutting
technology for pressure relief in
the final mining phase of the
working face: a case study
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1China PingMei ShenMa Group, Pingdingshan, China, 2School of Mines, China University of Mining and
Technology, Xuzhou, China

In the final mining phase of the working face, a large area of suspended
roof can lead to stress concentration from mining-induced stress, which
in turn causes deformation and instability of the main roadway. This study
takes the Ji-17-21080 working face of the Pingdingshan No. 2 Mine as the
engineering background, analyzing the structural characteristics of the main
roof layer and the distribution of the advanced support stress, while revealing
the principle of roof cutting and pressure relief for protecting the main roadway.
Further, a FLAC3D numerical model was established based on the on-site
geological conditions. The stress of the surrounding rock and the deformation
characteristics of the main roadway were compared under four scenarios: (1) a
stop-mining coal pillar width of 120 m (no roof cutting line), (2) a stop-mining
coal pillar width of 60 m (no roof cutting line), (3) a stop-mining coal pillar width
of 60 m with one roof cutting line, and (4) a stop-mining coal pillar width of
60 m with two roof cutting lines. The simulation results indicate that reducing
the width of the stop-mining coal pillar significantly increases the mining-
induced effects on the main roof. However, the implementation of roof cutting
measures effectively interrupts the stress transmission path of the advanced
support, improving the stress environment. Furthermore, compared to a single
roof cutting line, the synergistic effect of two roof cutting lines ismore beneficial.
Finally, two roof cutting lines were designed for deep-hole blasting and pressure
relief at the Ji-17-21080 working face. Field monitoring results showed that
the deformation of the air return downhill remained within controllable limits,
ensuring the safe operation of the next working face in the mining area.

KEYWORDS

main roadway, roof cutting, shaped charge blasting, hard roof, support stress

1 Introduction

Ongoing mining activities have led to the gradual depletion of shallow mineral
resources, forcing resource extraction to advance deeper into the Earth’s interior (Kang et al.,
2023; Sun et al., 2023; Yetkin et al., 2024; Zhu et al., 2024). At present, deep resource
mining has become the new normal for resource development (Chen et al., 2022; Lyu et al.,
2023; Cao et al., 2024; Chen D. et al., 2024; Jaiswal et al., 2024; Liu et al., 2024). However,
deep mining activities face significant challenges, characterized by high temperature, high
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pressure, high ground stress, and disturbance effects (Wang and
Miao, 2022; Zhang et al., 2022; Chen et al., 2024d). Particularly
when deep coal mining faces enter the final mining phase, both
the stop-mining coal pillar and the main roadway in front of
the working face are subjected to dual disturbances from high
in-situ stress and advanced support stress (Klishin et al., 2019;
Chen et al., 2023; Zhang et al., 2024). To prevent structural
instability of the main roadway due to these disturbances, the
mining operations often increase the stop-mining coal pillar width
to alleviate the impact of advanced support stress. However, this
measure results in significant wastage of coal resources (Sun et al.,
2021; Xie S. R. et al., 2022). On the other hand, if the stop-mining
coal pillar width is narrow, the advanced support stress will be
directly transmitted to the main roadway, posing a severe threat
to the stress environment, potentially leading to instability and
large deformation of the roadway (Yang et al., 2021; Li et al., 2023;
Bednarek et al., 2024; Khademian and Sears, 2024).

The application of roof cutting technology, which actively
disrupts the roof structure, has become a key technique for
protecting the main roadway by effectively reducing the impact
of advanced support stress (Liu B. et al., 2022; Vatandoust et al.,
2023; Zhu et al., 2024; Huang B. X. et al., 2018) proposed the use
of hydraulic fracturing technology to modify the roof structure
and weaken its mechanical properties, creating weak fracture
planes conducive to roof collapse, thereby controlling the collapse
of the roof during the initial extraction phase. Field practices
have shown that when the rear roof collapsed completely, it
eliminates the shock hazards caused by the sudden collapse of
the suspended roof in the mined-out area (Zhang et al., 2023).
employed FLAC3D to investigate the stress evolution distribution
under the influence of mining-induced stress and residual coal
pillar stress during the final extraction phase. They proposed
using hydraulic fracturing technology to sever the roof above the
retreat roadway, thereby alleviating the manifestation of mining
pressure and improving the stability of the retreat roadway and
the safety of equipment evacuation (Chen et al., 2024c). addressed
the issue of roadway being affected by both lateral support
stress and advanced mining stress. They proposed a roof cutting
technology centered on “hydraulic fracturing with directional
and controllable cutting”. By severing the hard, suspended roof
above the mined-out area, the stress concentration is reduced,
ensuring the safety of the roadway (Yang et al., 2019). used
pre-split blasting technology to cut the hard roof above the
roadway, thereby weakening the stress transmission effect in
the rock layers, and effectively controlling roadway deformation
caused by complex stress environments. Field practices showed
that the maximum working resistance of hydraulic supports
decreased by 24.9%, and the surrounding rock deformation was
significantly reduced (Zhang et al., 2020). proposed a new method
for support in gob-side entry retaining based on focused explosive
blasting for roof cutting. This method optimizes the roof structure
and the evolution and distribution of stress, alters the stress
transmission path, and thus protects the stability of the roadway.
Monitoring results and field applications demonstrated reduced
roadway convergence and significant pressure relief effects.

In summary, a wealth of research has been accumulated in
the field of roof cutting and pressure relief (Ma et al., 2023;
Shen et al., 2023). However, this technology has mainly been

applied in scenarios such as gob-side roadway (Chen et al., 2024b;
Wu et al., 2024; Yang et al., 2024). In contrast, research on
roof cutting and pressure relief for protecting the main roadway
at the location of the stop line remains relatively scarce. This
paper uses the Ji-17-21080 working face of the Pingdingshan
No. 2 Mine, owned by China Pingmei Shenma Group, as the
engineering background. This study delves into the technology
of deep-hole blasting in main roadway protection. A reasonable
stop-mining coal pillar size and a corresponding blasting plan are
proposed, and the effectiveness of roof cutting for main roadway
protection is validated through practical application. The research
findings provide valuable references and insights for maintaining
main roadways in fully mechanized mining faces under similar
conditions.

2 Engineering overview

2.1 Working face layout

The surface elevation ranges from +252 m to +384 m, while the
Ji-17-21080 panel elevation is between −371 m and −424 m. The
depth of the Ji-17-21080 panel is approximately 700 m, with a strike
length of 190 m. To the east, the working face connects to the air
return downhill and haulage downhill of the No. 1 mining area, and
to the west, it reaches the boundary of the mining field. The layout
of the Ji-17-21080 working face is shown in Figure 1.

The borehole lithology profile is presented in Figure 2. The
average thickness of the Ji-17 coal seam is 1.6 m, with a strike
direction of 88°, and an average dip angle of 7.5°. The immediate
roof is sandy mudstone (2.2 m), while the immediate floor is
mudstone (3.0 m).

2.2 Stop line optimization

According to the original mining plan, the width of the stop-
mining coal pillar was set at 120 m (i.e., the distance from the
stop line to the main roadway was 120 m), which resulted in a
significant waste of resources. As shown in Figure 3, to improve
the coal resource recovery rate, the decision was made to extend
the working face by 60 m, optimizing the stop-mining coal pillar
width to 60 m. However, this change has brought about the pressing
issue of advanced support stress transmission, which needs to be
addressed. To protect the air return downhill, roof cutting and
pressure relief measures must be implemented.

3 Deep-hole blasting roof cutting
technology

3.1 Distribution characteristics of advanced
support stress

Before coal mining operations, the in-situ stress of the coal
seams and surrounding rock layers is in a natural equilibrium state
(Wang et al., 2023; Zhu and Wang, 2023). However, as mining
progresses, the originally balanced in-situ stress environment is
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FIGURE 1
Layout of working face.

FIGURE 2
Borehole histogram.

disrupted, leading to the formation of a new stress distribution
(Ma et al., 2018). Coal mining alters the stress distribution
borne by the coal seam, where the load previously supported by
the coal seam is now transferred to the surrounding goaf area

(Li Q. et al., 2024). As the mining-induced effects propagate,
the stress gradually increases, where the advanced support
stress and stress concentration phenomena become particularly
prominent (Fu et al., 2024).
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FIGURE 3
Optimization design of stop line: (A) plan view; (B) side view.

The distribution of advanced support stress can be divided
into three zones: stress relief zone, stress increase zone, and stress
stabilization zone. When the main roadway ahead of the working
face is located in the stress increase zone, which can pose a
significant threat to the roadway’s stability. The stress increase effect
of advanced support stress can lead to roadway deformation, stress
concentration, and even failure of the support structure. In severe
cases, itmay cause instability or collapse of the roadway (Liu X. et al.,
2022; Hu et al., 2024). The distribution of advanced support stress
is shown in Figure 4.

3.2 Roof cutting and pressure relief for
main roadway protection

In coal mining operations, if the thick and hard overburden
strata above the goaf do not collapse promptly, large suspended
roof areas may form, leading to increased stress concentrations and
posing threats to the stability of the main roadway. To address this
issue, two roof cuttingmethods are introduced, corresponding to the
first and second roof cutting lines.

3.2.1 Stop line roof cutting (first roof cutting line)
During coalmining operations, if the thick and hard overburden

strata above the goaf do not collapse in a timely manner, a large area

of suspended roofmay form (Huang B. et al., 2018; Li L. et al., 2024).
Such suspended roof zones cause the load from the overburden to
transfer to the solid coal layers, significantly increasing the peak
value of advanced support stress and expanding its influence range
(Tu et al., 2022). This concentration of stress not only worsens the
stress environment near the working face but can also pose a serious
threat to the stability of the main roadway (Xie S. et al., 2022).

To effectively mitigate this issue, roof cutting technology can
be employed (Zhang et al., 2020; Xu et al., 2024). This involves
forming continuous cutting seams within the thick, hard rock
layers near the stop line. The technology uses deep-hole drilling
followed by precise blasting within the rock layers to create a
series of cutting seams, aimed at disrupting the integrity of the
suspended roof. When the working face reaches the stop line,
the thick and hard roof above the goaf, under the influence
of mining-induced stress, will slide along the deep-hole pre-
split seams into the goaf, thereby reducing the peak value and
influence range of the advanced support stress. The distribution
of advanced support stress after roof cutting at the stop line
is shown in Figure 5.

3.2.2 Stop-mining coal pillar roof cutting (second
roof cutting line)

Advanced support stress is characterized by its wide
propagation range and significant impact. Therefore, to
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FIGURE 4
Distribution characteristics of advanced support stress.

FIGURE 5
Distribution of advanced support stress after roof cutting at the stop line.

enhance the roof cutting effect, roof cutting can also be
performed within the stop-mining coal pillar in addition to the
stop line.

By conducting deep-hole blasting, the full power of the blasting
is utilized to disrupt the integrity of the rock layers, forming
blast cavities and fracture zones within the rock mass. This pre-
splitting technique effectively breaks the intact structure of the
rock layers and disrupts the continuity of the original rock mass,
thereby interfering with the transmission process of advanced
support stress.

During the propagation of advanced support stress, the
fractured rock mass on both sides of the fracture zone behaves
like a “sponge”. The bearing capacity in the center of the fracture
zone is greatly reduced, resulting in a pressure relief effect that
causes the load, which would have been transmitted to the rock
mass on either side, to concentrate on the two sides of the
fracture zone.This process can effectively weaken stress propagation
within the fracture zone and create stress concentration phenomena
on both sides of the zone, similar to a fault with no vertical
displacement. Since the coal and rock mass within the fracture

zone has been highly fragmented, it can significantly reduce the
transmission of advanced support stress and provide a certain
degree of stress blocking. The distribution of advanced support
stress after roof cutting within the stop-mining coal pillar is shown
in Figure 6.

3.3 Calculation of roof cutting height

Based on the concept of the bearing arch proposed byWang et al.
(2024), during the advancement of the working face, the overlying
strata not only form an arch structure in the direction of the coal
seam dip but also exhibit a similar structure in the direction of
the working face advancement. As the working face progresses, the
scope of the bearing arch gradually expands. The internal, stable
rock layers progressively extend upwards towards the overlying
strata, and delamination within the strata continues to propagate
dynamically in the upper layers.

The bearing arch is simplified to a three-hinged arch structure,
as shown in Figure 7A. In this model, the height of the bearing arch
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FIGURE 6
Distribution of advanced support stress after roof cutting in the stop-mining coal pillar.

FIGURE 7
Schematic analysis of the bearing arch mechanical model: (A) bearing arch structure mechanical model; (B) force analysis of the bearing arch.

is h, the span is b, the length of the working face is l, the horizontal
distance between the arch foot and the roadway side is a, and the
thickness of coal seam is m.

Since the model is symmetrical, only one side is analyzed, as
illustrated in Figure 7B. The upper part of the arch is subjected to
a uniform distributed load q, with horizontal tangential support
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force T at the arch crown, and reaction forces P and N at the
arch foot.

Assuming the three-hinged arch is in a stable,moment-free state,
the force equilibrium yields the following equations:

{{{{
{{{{
{

∑Fx = 0

∑Fy = 0

∑Fz = 0

(1)

N =
qb
2

(2)

P = T (3)

h =
qb2

8T
(4)

Among them:

P = N f (5)

where, f represents the apparent friction coefficient (referencing the
overburden strength coefficient). To ensure sufficient stability of the
arch in the horizontal direction, it must be ensured that T < P. With
a safety factor of 2, the system of Equations 3, 5 is solved to obtain:

T = 2N f (6)

The equation of the axis of the bearing arch at any point (x, y)
can be derived as:

y = −4h
b2 x

2 + 4h
b
x (7)

The angle θ between the slip plane of the coal wall crack and the
coal wall side at the lower part of the goaf is given by the active rock
mass pressure theory:

θ = 45° −
φ
2

(8)

where, φ is the friction angle of the overlying strata.
By solving Equations 2, 5, 6 simultaneously, the height of the

bearing arch (h) can be expressed as:

h =
l+ 2mtan(45° − φ

2
)

2 f
(9)

Based on the Ji-17-21080 working face parameters and the
mechanicalmodel of the bearing arch,where theworking face length
l = 190 m, the average thickness of weak rock layers m = 1.6 m, the
friction angle φ = 28°, and f is taken as 2.2 to 2.5, the calculated
height of the bearing arch for the working face overburden is found
to range from 38.0 m to 43.1 m.

4 Numerical simulation study

4.1 Model establishment

A numerical model is established using FLAC3D, with model
dimensions of 200 m in width and 76.2 m in height, as shown in
Figure 8. The cross-sectional dimensions of the air return downhill

are 5.0 m × 2.8 m. A 16.0 MPa load is applied to the top of the
model, while the bottom and sides of the model are fixed to prevent
displacement. A lateral stress coefficient of 1.2 is applied. The Mohr-
Coulomb model is used to simulate the behavior of each rock layer.
The mechanical parameters of the model are listed in Table 1.

4.2 Simulation plan

To verify the feasibility of the optimized stop line and the impact
of roof cutting lines on the main roadway, four simulation schemes
were designed, as detailed in Table 2. In these schemes, the roof
cutting height is set to reach the fine sandstone (15.5 m).Themodels
for the four schemes are shown in Figure 9.

Case 1: The pillar width is 120 m, with no roof cutting line.
Case 2: The pillar width is 60 m, with no roof cutting line.
Case 3: The pillar width is 60 m, with the first roof cutting line

located 10 m behind the stop line.
Case 4: The pillar width is 60 m, with the first roof cutting line

located 10 m behind the stop line, and the second roof
cutting line placed 20 m ahead of the air return downhill.

The specific simulation process is shown in Figure 10. The
numerical simulation work is divided into three stages:

(1) Excavation of the air return downhill: The air return downhill
is excavated, and themodel is run until equilibrium is achieved,
simulating the excavation phase of the main roadway.

(2) Setting the roof cutting line: The roof cutting line is simulated
using the interface function in FLAC3D. If no roof cutting line
is included in the scheme, this step is skipped.

(3) Excavation of the Ji-17-21080 working face: Excavation begins
from the right side and proceeds gradually to the left,
simulating themining process of the Ji-17-21080 working face.
Each excavation step advances by 2 m, continuing until the
predetermined stop line is reached.

4.3 Stress distribution characteristics

The vertical stress distribution contours for different schemes
are shown in Figure 11.

(1) Stop-mining coal pillar width = 120 m

In this case, the advanced support stress is primarily
concentrated within a 10-15 m range ahead of the stop line, and
the stress impact gradually decreases as one moves further left from
the stop line. Because the pillar width is large, the distance between
the stop line and the main roadway is also greater, resulting in a
relatively small mining-induced impact on the air return downhill.
This indicates that under conditions with a wider stop-mining coal
pillar, the stress environment around the air return downhill is
relatively stable, and the transmission of mining-induced stress has
a limited effect.

(2) Stop-mining coal pillar width = 60 m

With a significant reduction in the pillar width, the mining-
induced stress on the air return downhill increases significantly.
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FIGURE 8
Numerical model.

At this point, the influence of mining-induced stress from the Ji-
17-21080 working face overlaps with the excavation impact zone
of the air return downhill, resulting in a substantial increase
in the stress borne by the stop-mining coal pillar. Compared
with case 1, the stress environment around the air return
downhill is overall much higher, which increases the potential
safety risks. This suggests that a narrower stop-mining coal pillar
may lead to greater stress concentration and instability in the
surrounding rock.

(3) Stop-mining coal pillar width = 60 m, with first roof
cutting line

Compared to case 2, the installation of the first roof cutting line
effectively blocks part of the mining-induced stress transmission,
significantly reducing the mining-induced impact on the air return
downhill. Meanwhile, the stress concentration inside the stop-
mining coal pillar also decreases. The peak stress zone shifts
from the area ahead of the stop line towards the depth of
the roof and is mainly concentrated near the roof cutting line.
This phenomenon indicates that the first roof cutting line can
effectively sever the transmission path of advanced support stress,
improving the stress environment and enhancing the stability of air
return downhill.

(4) Stop-mining coal pillar width = 60 m, with two roof
cutting lines

Compared to case 3, the installation of the second roof
cutting line further blocks the transmission of mining-induced
stress. At this point, the air return downhill is almost no longer
affected by the advanced support stress. The stress is mainly
concentrated within the 40 m coal pillar between the two roof

cutting lines. Since this portion of the coal pillar is no longer mined
and is far from the air return downhill, the stress environment
near the air return downhill is significantly improved under
the synergistic effect of the two roof cutting lines. Additionally,
the support stress is effectively controlled within the two roof
cutting lines.

A measurement line, 60 m in length, was arranged from
the center of the right rib of the air return downhill to
the right, to monitor the vertical stress under different
schemes. The results are shown in Figure 12. The vertical
stress distribution curves provide a more intuitive view of the
variations and numerical values of stress under the four different
schemes.

Case 1: In this case, the vertical stress distribution along the
measurement line shows a single peak pattern, with higher
stress on the left and gradually decreasing stress on the right.
This indicates that with a larger stop-mining coal pillar
width, the influence of stress gradually weakens, and the
stress environment around the air return downhill remains
relatively stable.

Cases 2 and 3: In these cases, the vertical stress distribution
pattern changes significantly, exhibiting a double peak
pattern with lower stress on the left and higher stress
on the right. This change reflects the influence of a
smaller stop-mining coal pillar width, which leads to stress
concentration near the working face. Notably, compared
to case 2, case 3 shows a reduction in the overall stress
values, which strongly indicates that the first roof cutting
line plays a significant role in alleviating the transmission
of stress.
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TABLE 1 Mechanical parameters of the model.

Lithology Thickness
(m)

Density
(kg/m3)

Bulk
modulus
(GPa)

Shear
modulus
(GPa)

Cohesion
(MPa)

Friction
angle (°)

Tensile
strength
(MPa)

Medium
sandstone

7.2 2,650 8.77 3.78 3.60 33 3.28

Sandy mudstone 2.0 2,580 5.49 2.65 1.95 31 2.11

Siltstone 3.8 2,610 6.54 2.96 2.88 32 2.76

Fine sandstone 15.5 2,670 8.89 3.84 3.65 33 3.35

Siltstone 1.1 2,610 6.54 2.96 2.88 32 2.76

Fine sandstone 3.1 2,670 8.89 3.84 3.65 33 3.35

Sandy mudstone 4.7 2,580 5.49 2.65 1.95 31 2.11

Ji-15 Coal 1.0 1,330 1.35 1.02 0.85 28 0.45

Sandy mudstone 7.9 2,580 5.49 2.65 1.95 31 2.11

Ji-16 Coal 1.4 1,330 1.35 1.02 0.85 28 0.45

Sandy mudstone 2.7 2,580 5.49 2.65 1.95 31 2.11

Coal 0.5 1,330 1.35 1.02 0.85 28 0.45

Sandy mudstone 2.2 2,580 5.49 2.65 1.95 31 2.11

Ji-17 Coal 1.6 1,330 1.35 1.02 0.85 28 0.45

Mudstone 3.0 2,550 4.23 2.16 1.44 30 1.54

Middle sandstone 18.5 2,650 8.77 3.78 3.60 33 3.28

TABLE 2 Simulation scheme.

Scheme Stop-mining coal pillar Position of the first cutting line Position of the second cutting line

Case 1 120 m — —

Case 2 60 m — —

Case 3 60 m 10 m behind the stop line —

Case 4 60 m 10 m behind the stop line 20 m in front of the air return downhill

Case 4: In this case, the vertical stress distribution shows a
more complex triple peak pattern. Compared to cases
2 and 3, a new stress peak appears near the second
roof cutting line. Although the second roof cutting line
causes some stress concentration, it effectively interrupts
the transmission of stress, significantly reducing the stress
in the area between the air return downhill and the second
roof cutting line. The stress environment in this area
almost returns to the level observed in case 1. Therefore,
the second roof cutting line further optimizes the stress
distribution in the surrounding rock.

From a quantitative perspective, the stress peaks on the right
side of the air return downhill under the four schemes are as
follows: 23.8 MPa (case 1), 25.3 MPa (case 2), 24.5 MPa (case 3), and
23.9 MPa (case 4). These data indicate that the stress environment
in case 1 and case 4 is relatively better, with case 4 showing
significant improvement in stress due to the effect of the second roof
cutting line.

Considering the stress distribution in all four schemes, the
stress environment, ranked from best to worst, is as follows: case
1, case 4, case 3, and case 2. This result indicates that appropriate
arrangement of roof cutting lines can significantly improve the stress

Frontiers in Earth Science 09 frontiersin.org

https://doi.org/10.3389/feart.2025.1566968
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Liu et al. 10.3389/feart.2025.1566968

FIGURE 9
Simulation scheme: (A) case 1; (B) case 2; (C) case 3; (D) case 4.

FIGURE 10
Simulation process.

environment, especially when the pillar width is smaller, where the
role of roof cutting lines is particularly crucial.

4.4 Roadway deformation characteristics

The distribution of vertical displacement of the surrounding
rock for different schemes is shown in Figure 13.

(1) Stop-mining coal pillar width = 120 m

After the mining of the Ji-17-21080 working face, the rock mass
above the roof collapsed progressively from the bottom upwards.
The area with severe surrounding rock deformation is mainly
concentrated above the mined-out area. Overall, the deformation
of the air return downhill is minimal, indicating that under the
condition of a wider stop-mining coal pillar, the stability is relatively
good, and the impact of mining disturbance is limited.

(2) Stop-mining coal pillar width = 60 m

After the mining of the Ji-17-21080 working face, the influence
range of surrounding rock deformation extended to the left,
significantly increasing the deformation area. Particularly, the
surrounding rock deformation around the air return downhill
increased noticeably, highlighting the adverse impact of a narrower
stop-mining coal pillar width on the stability of the roadway.

(3) Stop-mining coal pillar width = 60 m, with first roof
cutting line

After setting the first roof cutting line, there was a marked
difference in the deformation of the surrounding rock on both sides
of the roof cutting line. The deformation on the right side of the
roof cutting line was greater, while the deformation on the left side
was smaller. This indicates that the roof cutting line had a significant
effect on controlling the surrounding rock deformation. Compared
to Scheme 2, the surrounding rock deformation around the air
return downhill decreased, further verifying the suppressive effect
of the roof cutting line on the deformation of the surrounding rock.

(4) Stop-mining coal pillar width = 60 m, with two roof
cutting lines

Under the combined effect of two roof cutting lines, the
mining-induced disturbance to the surrounding rock deformation
was further reduced. The areas with significant surrounding rock
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FIGURE 11
Vertical stress distribution cloud map: (A) case 1; (B) case 2; (C) case 3; (D) case 4.

FIGURE 12
Vertical stress distribution curve.

deformation were effectively confined to the mined-out area above
and a certain range in front of the stop line. The surrounding
rock deformation around the air return downhill was overall lower,
indicating that the setting of two roof cutting lines better controlled
the surrounding rock deformation and improved roadway stability.

The deformation of the main roadway’s roof, two ribs, and floor
under the four schemes is further analyzed, as shown in Figure 14.

For all four schemes, the deformation trends of the roadway
remain consistent, with the roof exhibiting the greatest deformation,

followed by the left rib, the right rib, and the floor, which experiences
the least deformation.

Case 1: The deformation values for the roof, left rib, right
rib, and floor are 482, 336, 353, and 248 mm,
respectively.

Case 2: The deformation values for the roof, left rib, right
rib, and floor are 1,002, 586, 624, and 426 mm,
respectively. Compared to case 1, the deformations
increased by 107.8%, 74.4%, 76.8%, and 71.8%,
respectively.

Case 3: The deformation values for the roof, left rib, right rib, and
floor are 779, 472, 483, and 333 mm, respectively. Compared
to case 2, the deformations decreased by 22.3%, 19.5%,
22.6%, and 21.8%, respectively.

Case 4: The deformation values for the roof, left rib, right rib, and
floor are 515, 376, 379, and 236 mm, respectively. Compared
to case 2, the deformations decreased by 48.6%, 35.8%,
39.3%, and 44.6%, respectively.

From the statistical results, it is evident that reducing the stop-
mining coal pillar width significantly increases the deformation of
the air return downhill. The implementation of roof cutting measures
reduces thisdeformation,withtheeffectbeingmorepronouncedwhen
two roof cutting lines are applied, as opposed to just one. This finding
demonstrates that reasonable placement of roof cutting lines can
significantly improve the deformation conditions of the surrounding
rock, thereby enhancing roadway stability.
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FIGURE 13
Vertical displacement distribution cloud map: (A) case 1; (B) case 2; (C) case 3; (D) case 4.

FIGURE 14
Deformation statistics of roadway.

5 Discussion

This study investigates the significant impact of stop-mining coal
pillar width and roof cutting measures on the stress and deformation
characteristics, shedding lightontheir crucial role inroadwaystability.

Firstly, the width of the stop-mining coal pillar has a significant
effect on stress and deformation. When the pillar width is large
(e.g., Case 1, with a 120 m width), the distance over which mining-
induced stress is transmitted is limited. As a result, the stress
environment around the air return downhill remains relatively
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FIGURE 15
Deep-hole blasting cut-off design for ji-17-21080 working face.

FIGURE 16
Plan view of the first and second roof cutting blasting hole.

stable, and deformation is minimal. This indicates that a wider stop-
mining coal pillar effectively reduces the impact of mining activities
on the main roadway, thus maintaining better roadway stability.
However, when the pillar width is reduced to 60 m (e.g., Case 2), the
mining-induced stress increases significantly, leading to a marked
increase in stress and deformation, particularly around the air return
downhill. This escalation in stress and deformation heightens the
risk of roadway instability.

Secondly, roof cutting measures play an essential role in
mitigating mining-induced stress transmission and optimizing the
stress environment. By setting up roof cutting lines (e.g., Cases
3, 4), the transmission path of the advance support stress from
the working face can be effectively severed, reducing the impact
of mining on the air return downhill. Particularly when two roof

cutting lines are employed (Case 4), stress transmission is more
effectively controlled, confining mining effects within the coal
pillar. This significantly improves the stress environment around
the roadway, reduces stress peaks, and minimizes surrounding
rock deformation. These results highlight the importance of the
roof cutting line arrangement, especially when the stop-mining
coal pillar width is smaller, where roof cutting measures are
particularly critical.

Lastly, compared to a single roof cutting line, the synergistic
effect of two roof cutting lines demonstrates a more significant
improvement. In Case 4, the two roof cutting lines not only
effectively block the transmission of mining-induced stress from
the right-side working face but also significantly reduce the stress
and deformation near the air return downhill. While localized
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TABLE 3 Drilling layout parameters.

Location
Number Drilling

diameter
(mm)

Angle (°) Length (m) Sealing
length (m)

Charge
length (m)

Charge
amount
(kg)

Ji-17-21080
tailgate

A1 110 74 41 16 25 55.0

A2 110 66 43 17 26 57.2

A3 110 58 45 18 27 59.4

A4 110 52 47 18 29 63.8

A5 110 46 51 20 31 68.2

A6 110 41 54 21 33 72.6

A7 110 37 58 23 35 77.0

A8 110 33 63 25 38 83.6

A9 110 29 67 27 40 88.0

A10 110 26 71 30 41 90.2

A11 110 23 76 33 43 94.6

A12 110 20 80 35 45 99.0

A13 110 18 85 39 46 101.2

A14 110 16 90 43 47 103.4

Ji-17-21080
headgate

A15 110 30 96 46 50 110

A16 110 32 91 45 49 107.8

A17 110 34 85 38 47 103.4

A18 110 36 80 34 46 101.2

A19 110 39 76 32 44 96.8

A20 110 42 71 28 43 94.6

A21 110 45 67 27 40 88.0

A22 110 48 62 24 38 83.6

A23 110 52 58 23 35 77.0

A24 110 56 54 21 33 72.6

A25 110 62 50 20 30 66.0

A26 110 67 47 18 29 63.8

A27 110 74 44 17 27 59.4

A28 110 81 42 16 26 57.2

stress concentration occurs near the second roof cutting line,
overall, this measure greatly enhances the surrounding rock’s stress
distribution, leading to a marked improvement in roadway stability.

This emphasizes that the strategic placement of roof cutting lines,
especially multiple roof cutting lines, is an effective measure for
enhancing roadway stability and safety.
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FIGURE 17
Construction process flow.

FIGURE 18
Blasting effect observation.

6 Industrial test

6.1 Roof cutting scheme

The rationality of the deep-hole blasting roof cutting position
directly affects the unloading effect. The primary objective is to
reduce the influence range of the advance support stress while
minimizing the peak value of this stress to mitigate its impact on
the working face.

Based on the above analysis results, the first roof cutting line
is arranged 10 m behind the optimized stop-mining line of the

Ji-17-21080 working face, and the second roof cutting line is
placed 20 m ahead of the air return downhill. According to the
lithological distribution of the roof, the roof cutting height should
reach the fine sandstone layer. The locations of the roof cutting lines
are shown in Figure 15.

Both the first and second roof cutting lines adopt the same
borehole arrangement. They are fan-shaped, with boreholes drilled
from the Ji-17-21080 tailgate and the Ji-17-21080 headgate toward
the center of the working face. A total of 14 boreholes are arranged
in the tailgate and headgate, with 28 boreholes for each roof cutting
line. The specific arrangement of the blasting holes is shown in
Figure 16, with the blasting hole parameters listed in Table 3.

6.2 On-site construction process

Theon-site deep-hole pre-splitting blasting construction process
consists of five main steps: connecting the explosives, loading
the explosives, sealing the holes, connecting the detonating cords,
and initiating the blast. The specific construction steps are
illustrated in Figure 17.

The effects of the blasting are shown in Figure 18. After the
blasting, distinct blast-induced fractures are visible on the roof, with
well-defined and orderly cracks, as well as an effective cutting effect.
This also indicates that the blasting technique is capable of effectively
compromising the integrity of the hard roof.

6.3 Evaluation of roadway maintenance
effect

To verify the effectiveness of the deep-hole blasting roof cutting
technique, surface displacement of the air return downhill was
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FIGURE 19
Surface displacement of the roadway after roof cutting blasting over time: (A) measuring station 1; (B) measuring station 2.

monitored after the implementation of roof cutting at the Ji-17-
21080 working face using a cross-point measurement method. Two
measurement points were arranged along the roadway, and the
surface displacement observation results are shown in Figure 19.

After the completion of deep-hole blasting roof cutting
operations, themining operation began. Due to the advance support
stress induced by mining activity, the air return downhill started to
deform, and at this point, the rate of surface displacement change
was significant. After 30 days, the mining operation was completed,
and the surface displacement rate began to decrease as the stress
was redistributed in the working face. The roadway deformation
stabilized approximately 40 days after the completion of the mining
operation.

The maximum convergence measured at the two monitoring
points was 457 mm and 486 mm for the two ribs, and 565 mm and
592 mm for the roof and floor, respectively.

The results indicate that after the deep-hole blasting roof cutting
measures were implemented at the stop line of the Ji-17-21080
working face, effective control was achieved over the deformation of
the air return downhill. Although some deformation occurred, the
deformation remained within manageable limits. With appropriate
maintenance and reinforcement measures, the roadway can be used
for the next working face, achieving the intended objectives.

7 Conclusion

This study focused on the Ji-17-21080 working face at
Pingdingshan No. 2 Mine. The principle of deep-hole blasting roof
cutting technology for theworking facewas studied.The conclusions
are as follows:

(1) By analyzing and comparing the structural characteristics of
the main roof layer near the stop line, the principle of deep-
hole blasting roof cutting to protect the main roadway in
the mining area was clarified. On one hand, cutting the roof
behind the stop line changes the structure of the main roof

layer, reducing the transmission of stress from the goaf. On the
other hand, forming a blast-induced weakening zone within
the stop-mining coal pillar reduces the size and range of the
advance support stress.

(2) FLAC3D was used to compare the stability of the main
roadway under four scenarios. In Cases 1–4, the maximum
deformation of air return downhill was 482 mm, 1,002 mm,
779 mm, and 515 mm, respectively. The simulation results
show that the roof cutting measures play a crucial role in
slowing down the transmission of mining-induced stress and
optimizing the stress environment. Moreover, the effectiveness
of two roof cutting lines was superior to a single roof
cutting line.

(3) A deep-hole blasting roof cutting plan was designed for the
Ji-17-21080 working face, with the first roof cutting line
placed 10 m behind the stop line and the second placed
20 m ahead of the air return downhill. Field monitoring
results show that while the air return downhill exhibited
some deformation, the roadway deformation remained
within controllable limits, ensuring its suitability for normal
operation.

While this study provides valuable insights into the application
of deep-hole blasting roof cutting technology for pressure relief in
the final mining phase, several areas warrant further investigation.
Future research could explore the optimal placement and spacing
of roof cutting lines to maximize stress relief and minimize
roadway deformation. Additionally, studying the long-term stability
of the main roadway after the implementation of roof cutting
measures would provide a more comprehensive understanding of
the technology’s effectiveness. Furthermore, the impact of different
blasting parameters, such as hole diameter, depth, and explosive
type, on the effectiveness of roof cutting should be investigated.
Finally, a comparative analysis of deep-hole blasting roof cutting
with other stress relief techniques could offer insights into the
relative advantages and disadvantages of each method in various
mining conditions.
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