Arabian Journal of Geosciences (2021) 14: 845
https://doi.org/10.1007/512517-021-07118-y

ORIGINAL PAPER ;.)

Check for
updates

Research on dual pressure relief and outburst prevention model
for deep floor rock roadways

Zhonghua Wang ' - Bing Chen? - Yongjiang Zhang ' - Huiming Yang "? - Cao Jianjun '

Received: 24 September 2020 / Accepted: 14 April 2021 / Published online: 9 May 2021
© Saudi Society for Geosciences 2021

Abstract

The mechanism of coal and gas outbursts tends to be more complex after entering the deep part of a coal mine from the shallow
ground. As deep coal roadway outbursts change from gas-dominated to geostress-dominated, it is imperative to explore how to
prevent outbursts of deep geostress-dominated coal roadways. Because the fracture zone of surrounding rocks in deep roadways
is far larger than that in shallow roadways, this research considered the pressure relief field for a deep roadway. The first pressure
relief field in the horizontal and vertical directions was 1.3 times and 2.05 times, respectively, greater than the roadway diameter
based on data analysis, while the second pressure relief field in the horizontal and vertical directions was 1.8 and 2.8 times,
respectively, greater than the roadway diameter. The range of the pressure relief of the second pressure relief field was 1.4 times
greater than that of the first one in both the horizontal and vertical directions. With the action of the pressure relief field, the strip
of the overlying coal roadway would produce a pressure relief area, a stress concentration area and the original coalbed area.
Then, we proposed a dual pressure relief and outburst prevention model and applied it in the Qujiang Coal Mine. With the
supplementation of hydraulic technology, this model released pressure from the floor rock roadway and drilled boreholes across
beds to extract gas. The application showed that releasing pressure in the strip zone of the coal roadway was very effective in
preventing an outburst. The hazards produced by both the geostress of the roof and floor rocks and the coalbed gas were removed
so that the coal roadway could be excavated in a safe and rapid manner.

Keywords Outburst of coal roadway - Geostress-dominated - Pressure relief field of surrounding rocks - Dual pressure relief -
Outburst prevention model

Introduction

According to statistics, during the process of excavating coal
roadways, coal and gas outbursts (outbursts) account for more
than 75% of all accidents. Therefore, outburst prevention and
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control (outburst prevention) are key priorities for coal mines.
Shallow coal seams have low geostress values. Outburst pre-
vention in coal roadways mainly includes protective seam
mining (Cheng et al. 2020; Ren et al. 2019; Yan et al. 2018;
Li2020) and regional outburst prevention, i.e. pre-drainage of
coalbed gas. In most cases, pre-drainage happens through sur-
face vertical wells (Hu and Sun 2014), surface horizontal
wells (Chen et al. 2019a, b; Guo et al. 2019), boreholes drilled
across layers (Lu et al. 2015; Qin et al. 2020a, b) and bore-
holes drilled along the seam (Karacan et al. 2007). To improve
the effect of pre-drainage, scholars have proposed hydraulic
flushing (Zou et al. 2014; Zhang et al. 2019a, b), hydraulic
cutting (Zou et al. 2017; Zheng et al. 2018; Jun et al. 2019),
hydraulic fracturing (Hu et al. 2020; Jiang et al. 2019; Liang
etal. 2017; Bai et al. 2018), CO, fracturing (Yang et al. 2019;
Zhang et al. 2017a, b), high-pressure air blasting (Zhu et al.
2016) and other anti-reflection technologies. The gas perme-
ability of the coal seam and the mining effect of coalbed gas,
which are beneficial for safe excavation in coal roadways,
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have been improved. However, once the geostress and gas
pressure in deep coal seams increase, the surrounding rocks
will experience large deformations, fractured zones and sud-
den dynamic response changes (Xie et al. 2018; Wang et al.
2018a, b; Charles 2017; Tan et al. 2019), and the risk of an
outburst in deep coal roadways will grow. In addition, the
occurrence mechanism and type of outburst will become so
complex that new characteristics different from those of the
shallow portion will appear. To be specific, the outbursts in
coal roadways will change from gas-dominated in shallow
areas to geostress-dominated in deep areas, or they will be
complex dynamic disasters (Kang et al. 2018; Pan 2016;
Wei and Zhang 2020); further, the gas-dynamic phenomenon
will occur, even when coalbed excavation meets the given
standards, and the predictive indicators will be lower than
the threshold values (Hu and Wen 2013).

In terms of the new characteristics of an outburst that
occurs in a deep coal roadway, we can adopt traditional
outburst prevention measures, such as pre-drainage of the
coalbed gas in the deep floor rock roadway to reduce the
gas hazard at the coal seams. However, this method can
hardly reduce the geostress hazard of the roof and floor
rock strata. This is why geostress-dominated outbursts oc-
cur even when the gas extraction in deep coal seams meets
the given standards. Therefore, outburst prevention in deep
coal roadways should be able to reduce the hazards pro-
duced by both the coalbed gas and the geostress of the roof
and floor rock strata. Although current anti-reflection tech-
nologies can increase the gas permeability of coal seams
and reduce the hazards of coalbed gas, they have poor
performance in decreasing the geostress hazards of the roof
and floor rock strata, and they still need to be improved.
For example, deep-hole loosening blasting uses complex
technologies, hydraulic fracturing often concentrates local
stresses, and hydraulic cutting can only produce a small
range of pressure relief. In recent years, scholars have con-
ducted numerous studies on the characteristics of deep sur-
rounding rock failures through field investigations (Zhang
and Song 2020), theoretical analysis (Xie 2019), laboratory
experiments (Wang et al. 2018a, b; Qin et al. 2020a, b) and
numerical simulations (Gao et al. 2019). Their results show
that zonal disintegration occurs in deep surrounding rocks
(Zhang et al. 2017a, b; Chen et al. 2019a, b). In addition,
some studies have shown that the scope of zonal disinte-
gration in deep surrounding rocks was much larger than
that in the shallow portion. The failures and deformations
of the surrounding rocks in roadways should be reduced as
much as possible. For outburst prevention in deep coal
roadways, zonal disintegration in deep surrounding rocks
can decrease the geostress and increase the deformation in
coal seams, and it is helpful for drilling for outburst pre-
vention, gas extraction and reduction in the outburst pre-
vention workload. Therefore, we propose the use of the
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zonal disintegration in deep surrounding rocks to arrange
the coal roadways to be excavated within the range of the
pressure relief influences of zonal disintegration in floor
rock roadways. We also propose the release of the
geostress of overlying coal seams in advance to increase
the deformation of coal seams and reduce the geostress
hazard. If the pressure relief fails to meet expectations in
some areas, hydraulic technology can be used to peel coal
off and drain the seam. At the same time, we should drill
boreholes across layers for gas extraction to remove
geostress and gas hazards.

For outburst prevention in geostress-dominated deep coal
roadways, this paper proposes three outburst prevention mea-
sures including pressure relief for floor rock roadways, hy-
draulic technology and gas extraction by drilling boreholes
across layers based on several research methods, such as the-
oretical analysis, numerical simulation and field tests. We
built a dual pressure and outburst prevention model for floor
rock roadways and applied it on site to obtain new outburst
prevention methods in the strip zones of deep coal roadways
for future reference.

The pressure relief field of surrounding rocks
in deep roadways

Based on the theory of loose surrounding rock circles, un-
der the action of dynamic and static forces generated dur-
ing the process of excavation, surrounding rocks in shal-
low roadways include a crushing zone, a plastic softening
zone, plastic hardening zone and an elastic zone, as shown
in Fig. 1a. With high geostress levels, surrounding rocks in
deep roadways will produce a pressure relief zone (see Fig.
la) once they are excavated. Then, the plastic zone will
develop towards the deep portion (see Fig. 1b), and an
extension fracture will occur when the elastic property
transforms into the brittle property (see Fig. 1c). In the
end, zonal disintegration alternatively occurs in the broken
zone and the integrated zone (see Fig. 1d) (Chen et al.
2010). Therefore, the loose circle of the surrounding rock
in shallow roadways is simply the first fracture zone of
zonal disintegration in deep roadways, which means the
scope of the fracture zone of the surrounding rocks in deep
roadways is much larger than that in shallow roadways.
Generally, for the arrangement of traditional floor rock
roadways, at 15~25 m (the difference between the internal
and external horizontal distances is usually 10~30 m) un-
der the coal seam, no pressure relief effect can be produced
on the overlying coal seam. However, the fracture zone of
the surrounding rocks in deep roadways is able to effec-
tively release the pressure of overlying coal seams.
Meanwhile, research has shown that in the floor rock road-
way, an area in which the stress decreases by more than 5%
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Fig. 1 Difference of surrounding rock fracture zone in deep and shallow roadway

has a better pressure relief effect on the surrounding rocks
of the roadway (Lu et al. 2012). Generally, a range of 2—6
times the roadway diameter can be affected (Lan n.d.). An
area of deformation of the surrounding rocks of more than
3%o has a better pressure relief effect on the overlying coal
seam (Wang 2016). Therefore, we refer to the area where
the stress decreases by more than 5% and the surrounding
rocks deform by more than 3%o as the pressure relief field
of the surrounding rocks in deep floor rock roadways, as
shown in Fig. 2. We hope the pressure relief effect pro-
duced by the pressure relief field of the surrounding rocks
in deep roadways can provide new outburst prevention
methods for strip zones in coal roadways.

Numerical analysis of the distribution
characteristics of the pressure relief field

Engineering background and 2

The software FLAC>P was used for this simulation test and
the constitutive relationship of the surrounding rocks

5% stress reduction boundary
coal seam

® broken zoné

The 3% deformaton boundary

/

Fig. 2 Pressure relief field of surrounding rock in deep floor rock
roadway
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followed the Mohr—Coulomb criterion. A schematic dia-
gram of the 3D model is shown in Fig. 3. Floor rock road-
way 213 was arranged under coal roadway 213. The fault
surface of floor rock roadway 213 was a vertical wall with
a semi-circular arch. The roadway was 4 m wide, the ver-
tical wall was 1 m tall, and the radius of the circular arch
was 2 m. Shaped in a rectangle, the fault surface of coal
roadway 213 was 4 m wide and 3 m tall. The inclination of
the coalbed was 15°. The burial depth and the thickness of
the coal seam were 1000 m and 3 m, respectively. For the
3D numerical model in Fig. 4, the X-axis was the strike of
the coal seam, while the Y-axis was the dip of the coal
seam. With the length, width and height all being 100 m,
the mesh was 2 X 2 x 2 m. Both the coal roadway and the
floor rock roadway were simulated with null units. A tet-
rahedron mesh cells and a bottom constraint were applied
to the displacement of the model. All surfaces were free
surfaces with a uniformly distributed load. The physical
and mechanical parameters of the coal seams were mea-
sured (Table 1).

According to the requirement of outburst prevention,
the coal roadway cannot be excavated until it reaches the
standard. Thus, we simulated and analysed the distribution
characteristics of the pressure relief field in the floor rock
roadway after the floor rock road, and the coal roadway
were sequentially excavated (first pressure relief and sec-
ond pressure relief). Through theoretical analysis, we
found that pressure relief performed best when the coal
roadway was directly under the floor rock roadway. To
analyse the pressure relief effect at different distances be-
tween the two, we simulated, monitored and analysed
changes in the horizontal and vertical stresses and dis-
placements of the surrounding rocks of the overlying rock
seam in the floor rock roadway after the floor rock road-
way, and the coal roadway were sequentially excavated;
the coal roadway was 8, 10, 15 and 25 m under the floor
rock roadway. Finally, we obtained the distribution char-
acteristics of the pressure relief field in the floor rock road-
way (first pressure relief field and second pressure relief
field), and the results provide a theoretical basis for how to
select a reasonable spatial location for floor rock roadways.
The monitoring line settings are shown in Fig. 5.

Y
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\
\
\
100 m

100 m

Z

X trend
Fig. 3 Schematic diagram of 3D model

Results and analysis
First pressure relief field

After excavation of the floor rock roadway began, by cal-
culating the horizontal and vertical (monitoring lines 1 and
2) stresses and displacements of the overlying surrounding
rocks, we drew curves with decreasing amplitudes of the
vertical stress and deformation of the surrounding rocks for
the first pressure relief field of the floor rock roadway
(Figs. 6 and 7). Because the deformation 3 m above the
surrounding rock and within 3 m on both sides of the
centreline was far more than 3%., which had no impact
on the analysis, the deformation within this range is not
reflected in the figure.

Figure 6a indicates that the decrease in the vertical stress
within 15 m of the upper and lower portions of the floor
rock roadway gradually lessened and was finally steady
from the centreline of the roadway to both sides, with the
largest decreasing amplitude being 27% and the decreasing
amplitude at 5.4 m and 5.7 m of the upper and lower por-
tions being 5%. The stress increased at 5.4~15 m of the
upper portion and 5.7~15 m of the lower portion, with the

Table 1 Physical and mechanical parameters of coal strata

Lithology Bulk modulus/GPa Shear modulus/GPa Tensile strength/MPa Cohesion/MPa Density/Kg/m® Internal friction angle/°
Coal 1.35 0.85 1 1.8 1400 27

Mudstone 53 24 3.13 2.8 2703 29

Sandy mudstone 8.1 7.9 2 24 2619 30

Medium sandstone 10.2 17.7 4.6 7.8 2810 39.9

Medium fine sandstone 15.8 20.2 6.7 9.6 2710 353

Fine sandstone 12.23 15.6 441 6.5 2606 354
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Fig. 4 Three-dimensional numerical model

largest increasing amplitude being 4%. Figure 6b shows
that the decrease in the vertical stress of the rock seam
within 15 m above the floor rock roadway gradually less-
ened, with the decreasing amplitude being 6%~73%. As
shown in Fig. 7a, the deformation of the surrounding rocks
at the upper and lower portions of the floor rock roadway
decreased gradually from the centreline of the roadway to
both sides. In particular, the surrounding rocks deformed
by 3%o at 5.2 and 5.5 m of the upper and lower portions,
respectively. Figure 7b shows that the surrounding rocks
above the roadway deformed less and less, with the defor-
mation at 8.2 m being 3%o. Upon analysis, we knew that
the first pressure relief field was at 5.2 and 8.2 m of the two

monitor line2

/ upper side 0~15m

monitor linel 10m

upper0~15m

below side 0~15m

4

roof
floor rock roadfay

floor

(a)

portions and above the floor rock roadway, 1.3 and 2.05
times greater than the roadway diameter, respectively.

Second pressure relief field

After excavation of the floor rock roadway began, by cal-
culating the horizontal and vertical (monitoring lines 3 and
4) stresses and displacements of the overlying surrounding
rocks, we drew curves with decreasing amplitudes of the
vertical stress and deformation of the surrounding rocks for
the second pressure relief field of the floor rock roadway
when the floor rock road was 8, 10, 15 and 25 m away from
the coal roadway (Figs. 8 and 9).

The vertical stress of the surrounding rocks 15 m from both
sides of the middle point of the centreline of the coal roadway
floor decreased by 51~80%, as shown by the “notching” curve
(Fig. 8a). The affected scope was 8.5 and 10 m. The stress
within 7.5 m from both sides decreased by 5%. The vertical
stress of the surrounding rocks at the centrelines of the coal
roadway and the floor rock roadway declined to produce a
“convex” curve (Fig. 8b). This means that the vertical stress
in the middle dropped less, while that on both sides decreased
more, between 39 and 100%. As shown in Fig. 9a, the defor-
mation of the surrounding rocks within 15 m of the upper and
lower portions above the centreline of the coal roadway floor
decreased gradually from the middle to both sides. In particu-
lar, the surrounding rocks deformed by 3%cat 7.1 mand 7.2 m
of the upper and lower portions. Figure 9b shows that the
surrounding rocks directly below the centreline of the coal
roadway floor deformed less and less. When the vertical dis-
tance between seams was 8, 10 or 15 m, the surrounding rocks
deformed by more than 3%¢; when the vertical distance be-
tween the seams was 25 m, the surrounding rocks within 14 m

coal roadway

monitor line4 upper0.5h~h

upper 0~15m below 0~15m

/ upper(.5h

monitor line3

floor

(b)

Fig. 5 Monitoring line of vertical stress and surrounding rock deformation in pressure relief field of floor rock roadway. a Primary pressure relief; b

secondary pressure relief
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Fig. 6 Vertical stress drop of primary pressure relief field (monitoring line 1). a Horizontal direction; b vertical direction

of the centreline of the coal roadway floor deformed by more
than 3%0. We found that the second pressure relief field was
7.1 and 14 m below the floor rock roadway and the two por-
tions 1.8 and 2.8 times greater than the roadway diameter,
respectively.

Construction of the dual pressure relief

and outburst prevention model and analysis
on the effect and application of pressure relief
on site

Construction of the dual pressure relief and outburst
prevention model for floor rock roadways

Based on the research mentioned above, in the vertical direc-
tion, we arranged the coal roadway to be excavated within the
range of the pressure relief zone of the surrounding rocks in
the floor rock roadway (the vertical distance between the two
h was generally 2—6 times the roadway diameter R), to reduce
the geostress hazard of the roof and floor rock strata in the coal
roadway to be excavated. In the horizontal direction, we

12 T

upper side 6 T below side

Surrounding rock deformation /%o

—
wn

-10 -5 0 5 10 15
Horizontal distance from center line of roof/m

(a)

divided the overlying coal seams into a pressure relief zone,
a stress concentration zone and the original coal seam zone.
For the stress concentration zone and the original coal seam
zone, we used hydraulic technology to drain some coal from
the seam to further reduce the geostress hazard. For soft coal
seams (firmness coefficient of coal £ < 0.5) and hard coal
(firmness coefficient of coal /> 0.5) seams, hydraulic reaming
technology and hydraulic cutting seam technology were, re-
spectively, adopted (Yuan 2018). In addition, we excavated
gas from the strip zone of the coal roadway by drilling holes
across layers to reduce the gas hazard of the coal seam, which
could remove both geostress and gas hazards of the strip zone
in the coal roadway (Fig. 10).

(1) Safe excavation of the floor rock roadway. Before ex-
cavating, based on the principle of “exploration first”, the
geological conditions and the occurrence of the coal seam
should be explored by drilling and geophysical prospecting
to ensure that the distance between the floor rock roadway and
the coal seam is reasonable. During the process of excavation,
an acoustic emission detector, roof abscission layer monitor
and other instruments are used to monitor the stability of the
surrounding rocks in the floor rock roadway, and a gas
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Fig. 7 Surrounding rock deformation of first pressure relief field (monitoring line 2). a Horizontal direction; b vertical direction
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Fig. 8 Vertical stress drop of secondary pressure relief field (monitoring
line 3). a Horizontal direction; b vertical direction

monitoring system is used to monitor the gas concentration of
the return current in the floor rock roadway. Then, the three
aspects mentioned above are comprehensively analysed to
determine if they are normal. Safety measures are performed
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if necessary to ensure safe excavation of the floor rock
roadway.

(2) Evaluation of the effect of preventing and controlling
gas and geostress hazards. To evaluate the gas hazard, we
should test the residual gas content. The critical value of the
residual gas content in normal areas is 8 m>/t, while that in
geologic structure zones is 6 m*/t. For the geostress hazard,
the mass of the coal drained on site and the deformation of the
coal seam are calculated, and the values are compared with the
critical values of the indicator. The critical value of deforma-
tion in the original coal seam zone is 3%o, while the critical
values in the pressure relief and stress concentration zones are
the respective stress coefficients times 3%o. The outburst pre-
vention effect in the strip zone of the coal roadway can be
determined effective only when both the geostress and gas
indexes reach the standard.

Model verification and measurement analysis of
pressure relief in floor rock roadways

Test scheme

The test was conducted in coal roadway 213 of the Qujiang
Coal Mine, Fengcheng, Jiangxi, China. The test zone was
arranged 10 m above floor rock roadway 213, and the length
was 370 m. The distance between the boreholes drilled across
layers was 4 m. For the original coal seam, the gas pressure
was 9.0 MPa, the gas content was 15.3 m>/t, the coal perme-
ability coefficient was 0.004 m?*/(MPa*d), and the coal firm-
ness coefficient was 0.23. The purpose of this test was to
evaluate the effect of geostress pressure relief and outburst
prevention for gas extraction in the coal seams within 15 m
of the upper and lower portions of the overlying coal and rock
mass of floor rock roadway 213. The test content and test
method are listed in Table 2. Each parameter included five
test holes (Fig. 11).
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Fig. 9 Surrounding rock deformation of secondary pressure relief field (monitoring line 4). a Horizontal direction; b vertical direction
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Fig. 10 Double pressure relief
and outburst prevention model of or
floor roadway

wear layér drilling

pressure relief field bounda

Results and analysis

(1) Effect of geostress pressure relief

Figure 12 shows the results of the geostress pressure
relief parameters. The complete rock and the broken rock
are shown in Figs. 12a and b, respectively. As shown in
Fig. 12c, there were four fracture zones for the surrounding
rocks within 6.8 m of the roadway, which is 1.7 times
greater than the roadway diameter. Figure 12d indicates
that different test points of the same drill hole showed
wave crests and troughs from outside to inside. In particu-
lar, the crest with the largest displacement was the fracture
zone, and the trough with the least displacement was the
integration zone, which is consistent with the law based on
physical simulations in the laboratory (Zhang et al. 2009;
Xu and Yuan 2015). These results indicated zonal disinte-
gration inside the surrounding rocks after excavation of the
roadway began. The cumulative deformations of test holes

Table 2  Test content and method

____________ /léiraulic cutting seam hydraulic broaching

pressure relief zone

stress concentration zone
original coal seam

1~5# on the surrounding rocks of the roadway were 4.1,
7.7,9.3, 10.3 and 6.1%eo, respectively, which were all great-
er than 3%o. These results indicated that the geostress haz-
ard of the coal seam within 15 m of the upper and lower
portions of the overlying coal seam in the floor rock road-
way had been removed. By comparing with the numerical
simulation results mentioned above, we found that the area
with surrounding rocks that had deformed by more than
3%o0 was larger than the numerical simulation result. This
was because the blasting driving technique was used in the
floor rock roadway, which produced shock waves in the
surrounding rocks, increasing the deformation of these sur-
rounding rocks. In addition, the deformation test lasted for
3 months. The rheological effect over time also increased
the deformation of the surrounding rocks in the roadway.
Thus, the measured deformation of the surrounding rocks
was larger than the numerical simulation result. These fac-
tors improved the effect of pressure relief in the floor rock

Test content Test parameter Drilling diameter Drilling depth Test method Remarks
(mm) (m)
Effect of geostress Destruction 32 10 YTJ20 rock detection
pressure relief recorder
Displacement 32 10 DW-6 multipoint 6 test points per drill hole
displacement metre
Effect of gas extraction ~ Coal permeability 75 10~22 Radial flow method™’ Compare with the original
Excavation diameter 75 10~22 Statistical analysis™**! coal seam
Effect of outburst Residual gas content 75 10~22 DGC determination device
prevention Desorption index of drill 42 10 WTC, spring scale
cuttings
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Fig. 11 Test scheme

1#

¢ Cross-seam
borehole

roadway. Therefore, it is unnecessary to use the hydraulic
technology in this area.

(2) Effect of outburst prevention for gas extraction

Figure 13 presents the results of the outburst prevention
parameters for gas extraction. Figure 13a and b shows that
the coal permeability coefficient and gas extraction radius
increased less and less from directly above to both sides within

integrited zone [ ]
broken zone E5

surrounding rock deformation/%o

(¢

Fig. 12 In situ stress relief parameters. a Intact rock; b broken rock; ¢ surrounding rock failure; d surrounding rock deformation

« Gauging points

« Floor roadway

15 m above the floor rock roadway. In particular, the coal
permeability coefficient increased by 9.1~55.7 times, and
when the process lasted for 15, 30, 60 and 90 days, the gas
extraction radius increased by 52~84%, 47~76%, 44~69%
and 43~67%, respectively, with the average increasing being
more than 50%, which could reduce the drilling workload by
50% on average. As shown in Fig. 13c, 11 drill holes
contained residual gas after excavation, for a total of

(b)
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Fig. 13 Outburst prevention parameters of gas extraction. a Permeability coefficient of coal seam increases by multiple; b increase of extraction radius; ¢

residual gas content; d K1 and s values of cuttings’ desorption indexes

approximately 4.05~5.31 m’/t, which is less than the critical
value of 8 m*/t. As shown in Fig. 13d, when 370 m of the
roadway was excavated, the gas desorption index of drill cut-
tings K; was 0.08~0.38 mL/g'min"”?, which is less than the
critical value of 0.5 mL/g-min”z, and the amount of drill cut-
tings S was 2.5~4.2 kg/m, which is less than the critical value
of 6 kg/m. The results of comprehensive analysis indicated
that the gas hazard had been removed. At the same time, the

excavation speed was significantly improved from 45 to 105
m/month.

Discussion

Because removing gas hazards cannot effectively prevent
geostress-dominated outbursts in deep coal roadways, we pro-
posed simultaneously removing the geostress and gas hazards,
which provides a new method for outburst prevention in deep
coal roadways. Because the zonal disintegration of surround-
ing rocks in deep roadways is characterized by a large scope of
fracture and effective pressure relief, we defined the area with
a deformation of more than 3%o and a stress decrease of more
than 5% of the surrounding rocks as the pressure relief field of
the floor rock roadway. This technique was successfully

@ Springer

applied in preventing outbursts in the strip zone of a coal
roadway, and it can effectively remove the geostress hazard
generated by the roof and floor rock strata and the coalbed gas
hazard to achieve safe and rapid excavation of coal roadways.
However, the research still needs to be improved. First, the
pressure relief field of the floor rock roadway has a rheological
effect over time (Cao 2020). Further research on the effect of
pressure relief on the overlying coal roadway is required.
Second, this model only considers the test effect under certain
conditions. It is necessary to further explore the effect of pres-
sure relief for outburst prevention given changes in the gas
geological conditions (such as the inclination of the coal seam,
the lithology, the thickness of the coal seam, the lateral pres-
sure coefficient, the burial depth and the geological structure).
Third, in addition to the effect of pressure relief for outburst
prevention in terms of the single factors of geostress and gas,
the coupling effect of these two factors needs to be explored.

Conclusion
(1) By analysing the differences between the fracture zones of

deep and shallow surrounding rocks, we found zonal disinte-
gration among the surrounding rocks in deep roadways, and
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the range of the fracture zone was much larger than that in
shallow roadways. The stress of the floor rock roadways de-
creased by more than 5%. We defined the area where the
surrounding rocks deformed by more than 3% as the pressure
relief field of the surrounding rocks in the deep floor rock
roadway. This provides a new method for outburst prevention
in deep coal roadways.

(2) By conducting numerical analysis on the stress decrease
and deformation of the surrounding rocks in the floor rock
roadway, we obtained the range of pressure relief in both the
horizontal and vertical directions of the first pressure relief
field as 5.2 m and 8.2 m, respectively; this range is 1.3 and
2.05 times greater than the roadway diameter, respectively.
The range of the pressure relief in both the horizontal and
vertical directions of the second pressure relief field was 7 m
and 14 m, respectively; this range is 1.8 and 2.8 times greater
than the roadway diameter, respectively. Thus, the range of
pressure relief in both the horizontal and vertical directions of
the second pressure relief field was 1.4 times that of the first
pressure relief field. These results provide a theoretical basis
for how to select a reasonable location for the floor rock
roadway.

(3) We utilized the pressure relief effect of the zonal disin-
tegration in deep roadways as well as hydraulic technology
and the method of excavating by drilling holes across layers to
build the dual pressure relief and outburst prevention model
for deep floor rock roadways. The application of this model,
which was successful, indicated that there was zonal disinte-
gration among the surrounding rocks in the floor rock road-
way. The surrounding rocks deformed by 4.1~10.3%0. The
excavation radius within 15 m of the upper and lower portion
of the coal roadway increased by more than 50% on average,
which reduced the drilling workload by 50%. Both the gas
desorption index K; and the S value were less than the critical
values. The excavation speed was improved 1.3 times, and the
geostress and gas hazards in the strip zone of the coal roadway
were removed to achieve safe and rapid excavation of the coal
roadway.
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