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Study on PreSSure relief MechaniSM of hydraulic SuPPort  
in Working face under directional roof crack

When mining coal from the working face, the main roof withstands the overlying strata. The main 
roof’s first weighting and periodic weighting may cause accidents, such as crushing the working face 
hydraulic supports. A mechanical model of the main roof was constructed, and the contributing factors 
of first and periodic weights on the main roof were examined in order to prevent such accidents. The 
thickness of the main roof was found as the most contributory factor to the main roof’s stability. Therefore, 
a new directional roof crack (DRc) technique is proposed, which produces directional cracks in the main 
roof through directional blasting and makes part of it collapse in advance so as to reduce the thickness 
and relieve the first and periodic weighting. To verify the effectiveness of DRc, the mechanism of DRc 
was analysed. A mechanical model of the hydraulic support was constructed, and the DRc techniques 
were tested on-site. Field experiments with a complete set of monitoring schemes showed that, with DRc 
technology, the roof periodic weighting interval decreased by 35.36%, and the hydraulic support pressure 
decreased by 17.56%. The theoretical analysis was consistent with the measured results. Therefore, the 
DRc technology is feasible and effective to ensure mining safety at the working face.
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1. introduction

coal, the primary energy source in china, has had a profound impact on the country’s social 
and economic development. globally, china is the world leader in coal production and consump-
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tion [1-4]. in the traditional longwall mining process, the roof’s stability is crucial. it can be uti-
lised to analyse the collapse of the rock layer while assessing its stability. one of the parameters 
that can estimate the stability of the roof is the index “g“ [5]. generally, the stability of one layer 
of rock in the roof is greater than that of the immediate roof, which is called the main roof. the 
immediate roof collapses behind the coal mine face. The length of the overhanging main roof 
keeps increasing with the increase of goaf space until it collapses. As the main roof withstands 
the overlying strata [6-8], the first and periodic weighting of the main roof leads to violent move-
ment of the overburden with apparent dynamic loading and an increase of mining pressure. At 
the same time, the instability of the main roof causes a sudden pressure increase in the hydraulic 
support, leading to strong ground pressure disasters such as the crushing of hydraulic support 
and damage to working face equipment [9-13]. in coal mines with gas outbursts, roof instability 
can also lead to gas accidents, which often pose serious threats to the safety of coal mine pro-
duction [14-16]. Therefore, in order to maintain mining pressure at the working face, optimise 
hydraulic supports, and ensure coal production safety, it is imperative to study the mechanical 
mechanism, contributing factors, and preventative methods of main roof weighting. in this 
study, the immediate roof is siltstone, the rock layer is grey, containing plant debris fossils, with 
horizontal and wavy bedding, the tensile strength is 0.39 Mpa, the rock layer is thin, the in-
direct roof is medium sandstone, grey-white, dominated by quartz, columnar structure, with 
large cross-bedding, the tensile strength is 0.58 Mpa, and the rock layer is thick. in contrast, 
medium  sandstone is more difficult to collapse than siltstone, so it is studied as the main roof.

Scholars have made plentiful achievements studying the mechanical mechanism and con-
tributory factors of main roof weighting. The key layer theory concluded that roof breakage is 
correlated with the physical property, thickness and location of the roof. Main roof weighting 
exerts additional pressure on the working face hydraulic supports [17]. Thickness, crack length 
and angle of the key layer are essential parameters determining the abutment pressure of the hy-
draulic support [18,19]. The greater the tensile strength of the roof layer, the longer the weighting 
interval [20]. The length of the main roof weighting interval can also increase with the increase 
in depth [21]. 

in addition to the contributory factors of main roof weighting, roof pressure relief methods 
were studied extensively. The stress state of the main roof can be obtained by theoretical and nu-
merical analysis. With hydraulic fracturing, the pressure of the main roof is reduced to ensure safe 
production at the coal mine face [22]. To improve the effect of roof pressure relief, the horizontal 
tensile stress generated is utilised to promote fracture propagation during hydraulic fracturing [23]. 
By improving hydraulic fracturing technology, vertical fractures could be formed in the roof to 
further relieve the pressure [24]. Through laboratory test analysis, the main roof pressure can be 
relieved by deep hole blasting without causing rock burst accidents in the mining process [25].

Traditional deep hole blasting [26-28] and hydraulic fracturing [29-31] reduce roof pressure 
by making cracks in the roof. however, with deep-hole blasting, there is the risk of destroying the 
entire roof and even the roadway. With hydraulic fracturing, the direction and scope of the cracks 
are difficult to control, and the roof pressure relief is not ideal. Therefore, with the advancements 
in science and technology and mechanics theory [32-35], a more effective pressure relief method 
is required. To ensure the efficiency of pressure relief, the length and direction of roof cracks 
must be controlled. Therefore, an innovative approach based on directional roof crack (DRc) 
is proposed, which reduces the thickness of the main roof while not changing the mechanical 
properties so that both the mining pressure and the hydraulic support pressure could be reduced. 
The method was applied to a field test. By comparing relevant indicators, the overall pressure 
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of hydraulic support is reduced by using DRc technology compared with that without DRc 
technology, which can prove that DRc technology has a good pressure relief effect. This study 
provides a new way to reduce pressure and improve the safety and stability of hydraulic support.

2. techniques and methods of drc

DRc is implemented using directional blasting with shaped charges since the rock’s com-
pressive strength is significantly higher than its tensile strength [36]. The technology requires 
a combination of directional-shaped charge devices (DScD) and conventional explosives. 
As shown in Fig. 1, the structure of DScD is designed to be a tube with holes so that it could 
carry explosives into a borehole and release explosion energy through the holes.

Fig. 1. The structure of DScD

in conventional borehole blasting, the explosion energy diffuses in all directions, exert-
ing a relatively uniform pressure on the surrounding rock mass, resulting in many random 
cracks around the borehole, as shown in Fig. 2a. With directional blasting, as shown in Fig. 2b, 
the explosion energy from conventional explosives loaded into the DScD is released through 
the directional-shaped charge holes. Energy dissipation is avoided due to the directional-shaped 
charge holes and small compressibility of the DScD. The explosion energy produces a reflected 
tensile stress perpendicular to the preset direction, and the crack expands continuously, causing 
the rock mass to crack along the preset direction.

The multihole blasting technique is adopted for DRc. A series of boreholes are drilled in 
the rock mass along the preset line with a certain interval. The number of explosives and the 
orientation of directional-shaped charge holes in the DScD are then determined accordingly. 
With simultaneous explosions in multiple boreholes, the rock mass cracks along the directional-
shaped charge holes while remaining intact in other directions.

A field test was carried out in an engineering project to observe the actual effect of DRc. 
in order to make the cracks in rock mass along the predetermined direction, the parameters of 
boreholes need to be designed. The main parameters are the diameter, length and spacing of 
the blasting hole. The diameter of the boreholes is determined by the diameter of the DScD 
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and is normally 5-10 mm larger than the DRcD. The length of the boreholes is determined by the 
mining height. The spacing of the boreholes is determined by experience and field tests, usually 
450-650 mm [37,38]. The boreholes were 2 m deep, 40 mm in diameter, and 500 mm apart from 
each other. The directional-shaped charge holes were arranged on the same plane of the tube axis. 
As shown in Fig. 3, a directional crack formed on the plane of the directional-shaped charge holes.

Fig. 3. Test results of DRc technology

(a)

(b)

Fig. 2. Mechanical models of borehole blasting (a) Traditional borehole blasting,  
(b) Directional shaped charge blasting
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3. theoretical analysis of drc

3.1. Mechanical analysis of the roof structure

As the direct cause of the mining pressure is the main roof weighting, DRc inevitably 
changes the law of mining pressure by altering the roof structure. Thus, a model, as shown in 
Fig. 4, is built to analyse the bearing characteristics of the main roof and the factors affecting 
its stability. The thickness of the coal seam, main roof and immediate roof are m (m), d (m) and 
h (m), respectively.

Fig. 4. Bearing characteristics of the main roof

Fig. 5a shows the mechanical model of the first weighting alongside the face of the coal mine, 
and the main roof is assumed to be a beam with both ends supported by the rock mass. According 
to elastic-plastic mechanics [39], the tensile stress and shear stress of any point in the beam are:
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Where L is the main roof weighting interval, m, q is the overburden load, Mpa.

Assuming q = 0.4 Mpa, d = 15 m, L = 50 m, the distribution of shear stress and tensile stress 
in the fixed-ends beam is shown in Fig. 6.

Fig. 6 shows that the maximum tensile stress appears at the upper and lower middle point of 
the beam. The tensile strength was less than the compressive strength of the rock mass, and the 
first crack appeared at both the upper ends and the lower middle point of the beam. in addition, 
the shear stress in the upper and lower middle points of the beam was zero, so the maximum 
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(a)

(b)

Fig. 5. Main roof mechanical model (a) a First weighting – fixed-ends beam,  
(b) periodic weighting – cantilever beam

(a)

(b)

Fig. 6. Stress distribution in fixed-ends beam (a) Tensile stress distribution, (b) Shear stress distribution
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principal stress there was equal to the tensile stress. The maximum tensile stress at the lower 
middle point (L/2, d/2) of the beam is:

 2max
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According to the failure criterion of maximum tensile stress, the condition for the main 
roof to collapse is:
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Where σt is the tensile strength of the main roof, Mpa, n is the safety factor when the main roof 
collapses.

According to Equations (1), (2), and (3), the main roof first weighting interval Lf is:
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Fig. 5b shows the mechanical model of periodic weighting alongside the coal mine face, 
where the main roof is assumed to be a cantilever beam with a fixed end and a free end. According 
to elastic-plastic mechanics, the tensile stress and shear stress of any point in the cantilever beam is:
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Assuming q = 0.4 Mpa, d = 15 m, L = 50 m, the distribution of shear stress and tensile stress 
in the cantilever beam is shown in Fig. 7.

Fig. 7 shows that the maximum tensile stress appears at the upper right end of the cantilever 
beam where the cracking first appears. The shear stress was zero at this position, so the maximum 
principal stress there was equal to the tensile stress. The maximum tensile stress at the upper 
right end (L, –d/2) of the beam is:
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According to Equations (3), (5), and (6), the main roof periodic weighting interval Lp is:
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According to Equation (4) and Equation (7), the main roof weighting interval is not only 
related to the tensile strength (σt), but also related to thickness of the main roof (d ), the overlying 
strata load (q), and the thickness of the immediate roof (h). Moreover, the thickness of the main 
roof has the greatest influence on the weighting interval. As the main roof weighting interval 

m
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determines the magnitude of mining pressure behaviour, altering the largest contributory factor 
of the weighting interval will change the mining pressure behaviour to the greatest extent.

3.2. Mechanism of drc technology

A comparison model, as shown in Fig. 8, is built to study the mechanism of DRc technol-
ogy. The back of the hydraulic support is filled with gangue, the DRc technology cannot be used 
in the back of the hydraulic support, so DRc technology can only be used in the roadway near 
the goaf space. The DRc technology and the non-DRc technology are compared and analysed. 
in each case, two sections are selected for analysis, namely the section of the roadway and the 
section of the working face. The section of the roadway is convenient to analyse the mechanism 
of DRc on the roof structure, and the section of the working face is convenient to analyse the 
mechanism of DRc on the hydraulic support.

in the case of non-DRc technology, the roadway is damaged, the immediate roof collapses 
and the main roof sinks and breaks, Fig. 8a shows the structural features of the damaged roadway 
and the roof structure. The main roof undergoes periodic pressure under the load of overlying 
strata, the hydraulic support bears the force of the immediate roof itself and the force applying to 
the immediate roof. Fig. 8b shows the structural features of hydraulic support and roof structure. 

in the case of DRc technology, the DRc technology is applied to create directional cracks 

(a)

(b)

Fig. 7. Stress distribution in the cantilever beam (a) Tensile stress distribution, (b) Shear stress distribution
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on the main roof over the roadway. The overhanging rock strata will collapse along the cracks. 
The structure of the main roof is changed as the vertical depth of the DRc exceeds the thickness 
of the immediate roof. Fig. 8c shows the structural features of the reserved roadway and the roof 
structure. The layer of the main roof within the vertical depth of the DRc breaks off with the 
collapse of the immediate roof. The broken layer of the main roof and the immediate roof can 
be assumed to be an equivalent immediate roof, thus, the thickness of the original main roof is 
reduced. The hydraulic support bears the force of the equivalent immediate roof itself and the 
force applying to the equivalent immediate roof, Fig. 8d shows the structural features of hydraulic 
support and roof structure.

After the application of DRc technology, define the thickness of the equivalent immediate 
roof is h1 (m), then the thickness of the main roof is:

 d1 = h + d – h1, m (8)

The main roof’s thickness is the principal determinant of the weighting interval, as stated in 
Section 3.1, whilst the reduction of the first and periodic weighting intervals affects the pressure 
strength of the working pressure of the hydraulic supports at the working face. Therefore, the 
DRc technology is used to relieve the pressure of the hydraulic support.

(a)

(c)

(b)

(d)

Fig. 8. Mechanism Model of DRc technology (a) The section of roadway with non-DRc technology,  
(b) The section of working face with non-DRc technology, (c) The section of roadway with DRc technology, 

(d) The section of working face with DRc technology
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3.3. effect of drc on hydraulic support pressure

The DRc alters the structure of the roof structure and affects the main roof weighting inter-
val. Meanwhile, the stress state of the hydraulic support is also altered. Take periodic weighting 
as an example, when the working face undergoes periodic pressure, the hydraulic support bears 
the maximum pressure when it is located directly below the main roof breaking position, and the 
mechanical characteristics of the hydraulic support can be plotted in Fig. 9.

Fig. 9. pressure characteristics of hydraulic support with DRc technology

considering the hinged relationship between the rock blocks after the main roof is broken 
[17], the position of horizontal thrust and friction force between rock blocks can be calculated as:

 
 1 sin , m

4 Pb h L     (9)

Where θ is the angle of rock rotation sinking, the angle is small when the main roof is broken, 
usually θ = 3°.

To keep the main roof stable, let ƩFy = 0 and ƩMo = 0, then,

 2 f + P1 = qLp c (10)
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Where T is the horizontal thrust between the rocks, kn, P1 is the force of the immediate roof on 
the main roof, kn, α1 is broken angle of the immediate roof, f is the friction force, kn.
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The relationship between f and T is usually:

 f = μT (12)

Where μ is the friction factor between rock blocks, according to a large number of experiments, 
usually μ = 0.3.

According to Equations (9), (10), (11), and (12), P1 can be calculated as:
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The weight of the equivalent immediate roof P2 is completely supported by the hydraulic 
support. P2 can be expressed as:
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Where γ1 and γ2 are the bulk density of main roof and immediate roof, respectively, n/m3, c is 
the average distance between adjacent hydraulic supports, m, a is the roof beam length of the 
hydraulic support, m.

The hydraulic support pressure is the sum of the gravity of the immediate roof and the force 
of the immediate roof on the main roof, according to Equations (13) and (14), the working pres-
sure P of the hydraulic support is:
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3.4. Vertical depth and angle of the drc 

Both the vertical depth and angle affect the effectiveness of DRc. on the one hand, the thick-
ness of the main roof has the greatest influence on the mining pressure behaviour, so the vertical 
depth of the DRc should exceed the immediate roof. on the other hand, the DRc needs to have 
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a certain angle so that the roof could collapse along the crack. As shown in Fig. 10, defined α2 
as the angle of the DRc and hc cosα2 as the vertical depth of the DRc, then:

 hc cosα2 ≥ h (16)

Where hc is the depth of the DRc, m.

Fig. 10. vertical depth and angle of the DRc

Theoretically, the volume of the complete rock mass expands after the collapse [40]. if the 
roof strata are full of goaf after collapse, the height of DRc is good and the effect is the best, 
namely:

 2cos
1c

mh
k

 


  (17)

Where k is the fracture swelling coefficient of rock mass.
The thickness of the equivalent immediate roof is:

 h1 = hc cosα2 (18)

4. field testing

4.1. testing location and parameters

To verify the effectiveness of DRc, the ningtiaota coal mine, located in Shenmu county, 
Yulin city, Shannxi province, china, as shown in Fig. 11, was selected as the testing site. The 
mined coal seam is the n0.2–2 with an average thickness of 4.11 m. The dip angle of the coal 
seam is nearly horizontal. Two adjacent working faces are selected for the test, one is S1201-Ⅰ 
and the other is S1201-Ⅱ, as shown in Fig. 12. The DRC technique was applied in the ventila-
tion roadway of working face S1201-Ⅱ during mining while not applied during face mining of 
S1201-Ⅰ. Considering the geological data, the geological parameters of the coal mine face can 
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be concluded that d = 18.60 m, h = 2.20 m and m = 4.11 m, the parameters of hydraulic supports 
can be concluded that c = 1.75 m and a = 5.45 m, according to laboratory tests, other parameters 
can be concluded that q = 0.45 Mpa, σt = 0.58 Mpa, k = 1.43, α1 = 60°, γ1 = 2.7×103 n/m3 and 
γ2 = 2.5×103 n/m3.

Fig. 11. The position of coal mine

Fig. 12. Situation of the test working face

According to Section 3.5, 2.20 m ≤ hc cosα2 ≤ 9.55 m. Based on a previous study [41], 
the DRc angle α2 is usually around 10° and 20°. The geological and construction conditions 
of the test site are considered comprehensively, the DRc angle is set to α2 = 10°. Therefore, 
2.23 m ≤ hc ≤ 9.70 m. According to the site construction conditions, DRC parameters were set 
as hc = 9 m and α2 = 10° to achieve the best pressure relief effect. According to Equation (18), 
h1 = 8.86 m.
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The DRC design of the ventilation roadway at the S1201-Ⅱ coal mine face is shown in Fig. 
13a. To protect the safety of the roadway, we use a longer anchor cable than the DRc vertical 
length to support the roadway and reduce the damage of the blasting to the roadway. The explo-
sives used in DRc are emulsion explosives. Each roll of explosive has a weight of 200 g, a length 
of 200 mm and a diameter of 32 mm. The length of each DcSD is 1500 mm, with a diameter of 
42 mm. in order to put DScD into the boreholes, the diameter of the boreholes is designed to be 
50 mm. Five DScDs are placed in each borehole, and the charging structure of “4+4+3+3+2” 
is adopted in the borehole. The length of the sealing borehole is 1.5 m. one detonator is placed in 
each DcSD. The spacing between adjacent boreholes is 600 mm. The charging parameter design 
of DRc is shown in Fig. 13b. in order to determine the effect of the application of DRc, we used 
an in-situ monitoring method to observe the crack. After using DRc technology, a directional 
crack appeared between adjacent holes in the roof, as shown in Fig. 14a. Meanwhile, a borehole 
peeping device was used to monitor the development of cracks in the borehole. Fig. 14b is the 
device diagram of borehole peeping, and Fig. 14c is the development of cracks in the borehole. 
There are two clearly visible balance cracks in the borehole that run almost the entire length of 
the borehole, which demonstrates the excellent effect of DRc.

(a) (b)

Fig. 13. Working face S1201-Ⅱ ventilation roadway and DRC design (a) DRC design of ventilation roadway  
at S1201-Ⅱ working face, (b) charging parameter design of DRC

To prove the validity of DRc on pressure relief of hydraulic support, pressure sensors were 
mounted on every tenth of the 160 hydraulic supports at the working face. The pressure of the 
hydraulic supports was recorded. The number and location of the pressure sensors on the two 
working faces are consistent. The detailed installation position of the pressure sensors is shown 
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in Fig. 15. The effect of DRc is analysed by observing the mining pressure behaviour at the two 
working faces and the pressure of the hydraulic supports.

4.2. results and analysis

Based on the above research, the theoretical analysis results of the mining pressure behav-
iour of working faces S1201-Ⅰ and S1202-Ⅱ were acquired. Taking the periodic weighting as 
an example, according to Equation (7), the working face S1201-Ⅰ periodic weighting interval 
Lp = 13.10 m, working face S1201-Ⅱ periodic weighting interval L'p = 8.41 m. According to 
Equation (15), the hydraulic support pressure at working face S1201-Ⅰ during periodic weight-
ing P = 10352 kN, and the hydraulic support pressure at working face S1201-Ⅱ during periodic 
weighting P' = 8567 kn.

(a)

(b) (c)

Fig. 14. in-situ monitoring of the DRc effect (a) Renderings of DRc site construction,  
(b) device diagram of borehole peeping, (c) development of cracks in the borehole
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To verify the effectiveness of DRc technology and the accuracy of the theoretical analysis, 
the working pressure of the hydraulic supports is recorded by the pressure sensors of the coal 
mine face. The geological conditions of the site and other factors affecting the mining pressure 
behaviour with the advance of the coal mine face, such as faults, trap columns, and other geo-
logical formations, were also considered. The hydraulic support pressure within 60 m along the 
advance of the two working faces was selected for the analysis. The monitoring data of hydraulic 
support is shown in Fig. 16 and Table 1. The average hydraulic support pressure at working face 
S1201-Ⅰ during periodic weighting is 10013 kN, and the average interval of periodic weighting at 
working face S1201-Ⅰis 13.80 m. For the working face S1201-Ⅱ that adopted the DRC approach, 
the average hydraulic support pressure during periodic weighting is 8255 kn, and the average 
interval of periodic weighting is 8.92 m. The difference between the field measurement data and 
theoretical analysis results is negligible, which proves the effectiveness of DRc technology and 
the accuracy of theoretical analysis.

TABLE 1

The periodic weighting average length and hydraulic support average pressure of the working face 

Working face Periodic weighting average length /m hydraulic support average pressure /kn
S1201-Ⅰ 13.80 10013
S1201-Ⅱ 8.92 8255

(b)

(a)

Fig. 15. The detailed layout of the pressure sensors (a) working face S1201-Ⅰ pressure sensors layout,  
(b) working face S1201-Ⅱ pressure sensors layout



119

Theoretical analysis and field measurement data show that after the application of the DRc 
technique, the working face periodic weighting interval decreases by 35.36% and the average 
hydraulic support pressure during periodic weighting decreases by 17.56%. Therefore, DRc is 
an effective way to reduce mining pressure and hydraulic support pressure.

(a)

(b)

Fig. 16. Monitoring data from the working face (a) working face S1201-Ⅰ hydraulic support pressure,  
(b) working face S1201-Ⅱ hydraulic support pressure
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5. discussion

Theoretical analysis and field data show that the DRc technology is effective for pressure 
relief at the working face. DRc reduced the thickness of the main roof, which leads to a reduc-
tion of the periodic weighting interval and hydraulic support pressure. DRc technology is also 
adopted to reduce the risk of hydraulic support damage due to excessive pressure and to ensure 
safe production. however, the conclusions are drawn under certain assumptions. Firstly, there 
must be a main roof structure because the main roof structure withstands the overlying strata. 
The weighting of the main roof will cause a dramatic increase in hydraulic support pressure that 
leads to damage to the hydraulic supports. For working faces with broken roof rocks, there may 
not necessarily be a main roof structure, so the conclusions in this study may not be applicable. 
Secondly, the thickness of the roof needs to fall within certain limits. According to Section 3.4, 
the vertical depth of the DRc needs to exceed the thickness of the immediate roof, and part of 
the main roof needs to collapse. This will not work if the main roof is too thin or the immediate 
roof is too thick, as the blasting boreholes may exceed the main roof or not reach it, resulting in 
total or no main roof collapse. Finally, part of the main roof collapsed after adopting the DRc 
technology, yet due to the extensive length of the coal mine face, the length of the collapsed main 
roof is unclear. The scope of the influence of working face pressure relief is currently unclear, but 
according to the current on-site measured data, pressure relief on the entire working face is effective.

in this study, it should be noted that monitoring the pressure of the hydraulic support also 
helps to improve the safety level of the working face. This is because the pressure of the hydraulic 
support can effectively reflect the interaction between the hydraulic support and the rock stratum 
[42-44], which can be used to reflect the caving behaviour of the main roof. By studying the 
pressure data, the safety and efficiency of the mining face can be improved.

The geological conditions in this study are relatively simple. The coal seam is shallow and 
nearly horizontal, the test site strata are stable, and the thickness of the overlying strata meets the 
theoretical analysis conditions. Although the current method has been successfully implemented 
and verified, the data is small and not representative. More experiments should be conducted 
under different geological conditions and different mining parameters. More extensive test data 
should be recorded to verify the effectiveness and feasibility of this method.

6. conclusions

in this study, the pressure relief mechanism of hydraulic support in the working face un-
der DRc is analysed. The structure of the main roof is altered by DRc so that both the mining 
pressure and hydraulic support pressure are reduced. With the mechanic’s calculation model of 
the main roof, it is found that the thickness of the main roof has the largest contributory factor 
to the hydraulic support pressure. Therefore, the thickness of the main roof was altered by the 
DRc technique. The optimal vertical depth of DRc was determined according to the distance 
between the main roof and the roadway roof and the rock mass bulking factor. The stress model 
of the working face hydraulic supports was built to discuss the influence of the DRc technique 
on the hydraulic support pressure. DRc technique reduced the thickness of the main roof, thus 
reducing the periodic weighting interval and the working pressure of the hydraulic supports, 
which ensured the safe production of the coal mine face.
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The use of DRc technology can effectively reduce the pressure of hydraulic support and 
reduce the mine pressure behaviour of the working face so that the hydraulic support can work 
under lower pressures. Through the pressure value of the hydraulic support, we can know the 
collapse state of the main roof. When the roof is pressed periodically, the pressure of the hydraulic 
support increases. When the roof is not pressed periodically, the pressure of the hydraulic sup-
port is kept at a lower value. Studying the pressure value of the hydraulic support is helping to 
improve the safety and efficiency of the working face.

Field test data shows that the theoretical analysis is consistent with the measured results 
with negligible error. The hydraulic support pressure at the working face is reduced, and the 
pressure relief is satisfactory. This proves the feasibility and effectiveness of DRc technology.

acknowledgments

This work is supported by the State Key Laboratory for geomechanics and Deep underground Engi-
neering Shanxi Yinfeng Branch center Foundation (no. YFKT-202002), the institute for Deep under-
ground Science and Engineering, china university of Mining & Technology, Beijing (no. XD2021023), 
china Scholarship council (202206430047) and the national natural Science Foundation of china 
(nos. 51904207, 52074164, 42077267), which are gratefully acknowledged.

conflict of interest

The authors declare no competing interests.

references

[1] h. he, L.M. Dou, S.Y. gong, J. he, Y.L Zheng, Microseismic and Electromagnetic coupling Method for coal 
Bump Risk Assessment Based on Dynamic Static Energy principles. Safety. Sci. 114, 30-39 (2019). 

 Doi: https://doi.org/10.1016/j.ssci.2018.12.025
[2] Z. he, Q. Wu, L.J. Wen, g. Fu, A process Mining Approach to improve Emergency Rescue processes of Fatal gas 

Explosion Accidents in chinese coal Mines. Safety. Sci. 111, 154-166 (2019). 
 Doi: https://doi.org/10.1016/j.ssci.2018.07.006
[3] J.h. Wang, Development and prospect on Fully Mechanized Mining in chinese coal Mines. int. J. coal. Sci. 

Techno. 1, 253-260 (2014). Doi: https://doi.org/10.1007/s40789-014-0017-2
[4] W. Yin, J.Q. Wang, X.M. Bai, W.J. Sun, Z.Y. Zhou, Strata Behavior and control Strategy of Backfilling collaborate 

with caving Fully-mechanized Mining. open. geosci. 12 (1), 703-717 (2020). 
 Doi: https://doi.org/10.1515/geo-2020-0168
[5] K. Skrzypkowski, W. Korzeniowski, T.n. Duc, choice of powered roof support FAZoS-15/31-poz for vang Danh 

hard coal mine. inzh. Miner. 2 (2), (2022). Doi: https://doi.org/10.29227/iM-2019-02-71
[6] h.J. Jiang, S.g. cao, Y. Zhang, c. Wang, Analytical Solutions of hard Roof’s Bending Moment, Deflection and 

Energy under the Front Abutment pressure Before periodic Weighting. int. J. Min. Sci. Techno. 26 (1), 175-181 
(2016). Doi: https://doi.org/10.1016/j.ijmst.2015.11.027

[7] B. Zhang, S.g. cao, Study on First caving Fracture Mechanism of overlying Roof Rock in Steep Thick coal 
Seam. int. J. Min. Sci. Techno. 25 (1), 133-138 (2015). 

 Doi: https://doi.org/10.1016/j.ijmst.2014.11.013
[8] Q.L. Zou, h. Liu, Y.J. Zhang, Q.M. Li, J.W. Fu, Q.T. hu, Rationality Evaluation of production Deployment of 

outburst-prone coal Mines: A case Study of nantong coal Mine in chongqing. Safety. Sci. 122, 104515 (2020). 
Doi: https://doi.org/10.1016/j.ssci.2019.104515

https://doi.org/10.1016/j.ssci.2018.12.025
https://doi.org/10.1016/j.ssci.2018.07.006
https://doi.org/10.1007/s40789-014-0017-2
https://doi.org/10.1515/geo-2020-0168
https://doi.org/10.29227/IM-2019-02-71
https://doi.org/10.1016/j.ijmst.2015.11.027
https://doi.org/10.1016/j.ijmst.2014.11.013
https://doi.org/10.1016/j.ssci.2019.104515


122

[9] X.W. Feng, n. Zhang, F. Xue, Z.Z. Xie, practices, Experience, and Lessons Learned Based on Field observations 
of Support Failures in Some chinese coal Mines. int. J. Rock. Mech. Min. Sci. 123, 104097 (2019). 

 Doi: https://doi.org/10.1016/j.ijrmms.2019.104097
[10] Y.J. Wang, Q. Wang, X.c. Tian, h.S. Wang, J. Yang, M.c. he, Stress and deformation evolution characteristics 

of gob-side entry retained by roof cutting and pressure relief. Tunn. undergr. Sp. Tech. 123, 104419 (2022). 
Doi: https://doi.org/10.1016/j.tust.2022.104419

[11] D.M. pappas, c. Mark, Roof and Rib Fall incident Trends: A 10-year profile. Trans. Soc. Min. Metal. Explor. 330, 
462-478 (2012).

[12] M.X. Wang, T. Zhang, M.R. Xie, B. Zhang, M.Q. Jia, Analysis of national coal-mining Accident Data in china, 
2001-2008. public. health. Rep. 126, 270-275 (2011).

[13] D.F. Yang, Y.J. Zhang, Z.h. chen, Analysis on catastrophe Theory During First Weighting Sliding instability and 
Support crushing of Main Roof with Large Mining height in Shallow coal Seam. Appl. Sci. 10 (16), 5408 (2020). 
Doi: https://doi.org/10.3390/app10165408

[14] p. Konicek, J. Schreiber, heavy Rockbursts Due to Longwall Mining near protective pillars: A case Study. int. 
J. Min. Sci. Techno. 28 (5), 799-805 (2018). Doi: https://doi.org/10.1016/j.ijmst.2018.08.010

[15] A. Shadrin, Y. Diyuk, geophysical criterion of pre-outburst coal outsqueezing From the Face Space into the 
Working. int. J. Min. Sci. Techno. 29 (3), 499-506 (2019). Doi: https://doi.org/10.1016/j.ijmst.2018.11.001

[16] W.T. Song, J.W. cheng, W.h. Wang, Y. Qin, Z. Wang, M. Borowski, Y. Wang, p. Tukkaraja, underground Mine 
gas Explosion Accidents and prevention Techniques – An overview. Arch. Min. Sci. 66 (2), 297-312 (2021). 
Doi: https://doi.org/10.24425/ams.2021.137463

[17] M.g. Qian, X.X. Miao, J.L. Xu, Theoretical Study of Key Stratum in ground control. Journal of china coal 
Society 21, 225-230 (1996).

[18] S.K. Das, observations and classification of Roof Strata Behaviour over Longwall coal Mining panels in india. 
int. J. Rock. Mech. Min. Sci. 37 (4), 585-597 (2000). Doi: https://doi.org/10.1016/S1365-1609(99)00123-9

[19] h. Yavuz, An Estimation Method for cover pressure Re-establishment Distance and pressure Distribution in the 
goaf of Longwall coal Mines. int. J. Rock. Mech. Min. Sci. 41 (2), 193-205 (2004). 

 Doi: https://doi.org/10.1016/S1365-1609(03)00082-0
[20] M. Shabanimashcool, L. Jing, c.c. Li, Discontinuous Modelling of Stratum cave-in in a Longwall coal Mine in 

the Arctic Area. geotech. geol. Eng. 32, 1239-1252 (2014). 
 Doi: https://doi.org/10.1007/s10706-014-9795-y
[21] Q.S. Bai, S.h. Tu, F.T. Wang, c. Zhang, Field and numerical investigations of gateroad System Failure induced 

by hard Roofs in a Longwall Top coal caving Face. int. J. coal geol. 173, 176-199 (2017). 
 Doi: https://doi.org/10.1016/j.coal.2017.02.015
[22] h.F. Duan, L.J. Zhao, prevention Technology for Strong Mine pressure Disaster in the hard-Roof Large-Mining-

height Working Face. Shock. vib. 2020, 8846624 (2020). Doi: https://doi.org/10.1155/2020/8846624
[23] J.W. Liu, c.Y. Liu, Q.L. Yao, g.Y. Si, The position of hydraulic Fracturing to initiate vertical Fractures in hard 

hanging Roof for Stress Relief. int. J. Rock. Mech. Min. Sci. 132, 104328 (2020). 
 Doi: https://doi.org/10.1016/j.ijrmms.2020.104328
[24] h. he, L.M. Dou, J. Fan, T.T. Du, X.L. Sun, Deep-hole Directional Fracturing of Thick hard Roof for Rockburst 

prevention. Tunn. undergr. Sp. Tech. 32, 34-43 (2012). Doi: https://doi.org/10.1016/j.tust.2012.05.002
[25] p. Konicek, K. Soucek, L. Stas, R. Singh, Long-hole Destress Blasting for Rockburst control During Deep un-

derground coal Mining. int. J. Rock. Mech. Min. Sci. 61, 141-153 (2013). 
 Doi: https://doi.org/10.1016/j.ijrmms.2013.02.001
[26] J.S. guo, L.Q. Ma, Y. Wang, F.T. Wang, hanging Wall pressure Relief Mechanism of horizontal Section Top-coal 

caving Face and its Application – A case Study of the urumqi coalfield, china. Energies. 10 (9), 1371 (2017). 
Doi: https://doi.org/10.3390/en10091371

[27] S.Q. he, D.Z. Song, Z.L. Li, X.Q. he, J.Q. chen, T.p. Zhong, Q. Lou, Mechanism and prevention of Rockburst 
in Steeply inclined and Extremely Thick coal Seams for Fully Mechanized Top-coal caving Mining and under 
gob Filling conditions. Energies. 13 (6), 1362 (2020). Doi: https://doi.org/10.3390/en13061362

[28] J.X. Yang, c.Y. Liu, B. Yu, Application of confined Blasting in Water-Filled Deep holes to control Strong Rock 
pressure in hard Rock Mines. Energies. 10 (11), 1874 (2017). Doi: https://doi.org/10.3390/en10111874

https://doi.org/10.1016/j.ijrmms.2019.104097
https://doi-org-s.vpn.cumtb.edu.cn:8118/10.3390/app10165408
https://doi.org/10.1016/j.ijmst.2018.08.010
https://doi.org/10.1016/j.ijmst.2018.11.001
https://doi.org/10.24425/ams.2021.137463
https://doi.org/10.1016/S1365-1609(99)00123-9
https://doi.org/10.1016/S1365-1609(03)00082-0
https://doi.org/10.1007/s10706-014-9795-y
https://doi.org/10.1016/j.coal.2017.02.015
https://doi.org/10.1155/2020/8846624
https://doi.org/10.1016/j.ijrmms.2020.104328
https://doi.org/10.1016/j.tust.2012.05.002
https://doi.org/10.1016/j.ijrmms.2013.02.001
https://doi.org/10.3390/en10091371
https://doi.org/10.3390/en13061362
https://doi.org/10.3390/en10111874


123

[29] Q.Y. cheng, B.X. huang, L.Y. Shao, X.L. Zhao, S.L chen, h.Z. Li, c.W. Wang, combination of pre-pulse and 
constant pumping Rate hydraulic Fracturing for Weakening hard coal and Rock Mass. Energies. 13 (21), 5534 
(2020). Doi: https://doi.org/10.3390/en13215534

[30] Z.J. Feng, W.B. guo, F.Y. Xu, D.M. Yang, W.Q. Yang, control Technology of Surface Movement Scope with 
Directional hydraulic Fracturing Technology in Longwall Mining: A case Study. Energies. 12 (18), 3480 (2019). 
Doi: https://doi.org/10.3390/en12183480

[31] D. Liu, Y.B. Wang, X.M. ni, c.Q. Tao, J.J. Fan, X. Wu, S.h. Zhao, classification of coal Structure combinations 
and Their influence on hydraulic Fracturing: A case Study From the Qinshui Basin, china. Energies. 13 (17), 
4559 (2020). Doi: https://doi.org/10.3390/en13174559

[32] M. Alber, R. Bischoff, M. Bischoff, T. Meier, Rock Mechanical investigations of Seismic Events in a Deep Longwall 
coal Mine. int. J. Rock. Mech. Min. Sci. 46 (2), 408-420 (2009). 

 Doi: https://doi.org/10.1016/j.ijrmms.2008.07.014
[33] W. cai, L.M. Dou, M. Zhang, W.Z. cao, J.Q. Shi, L.F. Feng, A Fuzzy comprehensive Evaluation Methodol-

ogy for Rock Burst Forecasting using Microseismic Monitoring. Tunn. undergr. Sp. Tech. 80, 232-245 (2018). 
Doi: https://doi.org/10.1016/j.tust.2018.06.029

[34] L.M. Dou, X.Q. he, h. he, J. he, J. Fan, Spatial Structure Evolution of overlying Strata and inducing Mechanism 
of Rockburst in coal Mine. T. nonferr. Metal. Soc. 24 (4), 1255-1261 (2014). 

 Doi: https://doi.org/10.1016/S1003-6326(14)63187-3
[35] S. Yang, J. Wang, X.h. Li, J.g. ning, p.Q. Qiu, in Situ investigations into Mining-induced hard Main Roof Fracture 

in Longwall Mining: A case Study. Eng. Fail. Anal. 106, 104188 (2019). 
 Doi: https://doi.org/10.1016/j.engfailanal.2019.104188
[36] M.c. he, X.Y. Zhang, S. Zhao, Directional Destress with Tension Blasting in coal Mines. procedia. Engineer. 

191, 89-97 (2017). Doi: https://doi.org/10.1016/j.proeng.2017.05.158
[37] J. Yang, B.h. Liu, W.h. Bian, K.K. chen, h.Y. Wang, c. cao, Application cumulative Tensile Explosions for 

Roof cutting in chinese underground coal Mines. Arch. Min. Sci. 66 (3), 421-435 (2021). 
 Doi: https://doi.org/10.24425/ams.2021.138598
[38] X.Y. Zhang, R.Y.S. pak, Y.B. gao, c.K. Liu, c. Zhang, J. Yang, M.c. he, Field Experiment on Directional 

Roof presplitting for pressure Relief of Retained Roadways. int. J. Rock. Mech. Min. Sci. 134, 104436 (2020). 
Doi: https://doi.org/10.1016/j.ijrmms.2020.104436

[39] h.M. Westergaard, Theory of Elasticity and plasticity American Journal of physics. Amer. J. phys. 34, 545 (1966). 
Doi: https://doi.org/10.1119/1.1973102

[40] X.X. Miao, X.B. Mao, g.W. hu, Research on Broken Expand and press Solid characteristics of Rocks and coals. 
J. Exp. Mech. 12, 394-400 (1997).

[41] M.c. he, Y.B. gao, J. Yang, W.L. gong, An innovative Approach for gob-Side Entry Retaining in Thick coal 
Seam Longwall Mining. Energies 10 (11), 1785 (2017). Doi: https://doi.org/10.3390/en10111785

[42] T. Janoszek, The Assessment of Longwall Working Stability Based on the Mohr-coulomb Stress criterion – nu-
merical Analysis. Arch. Min. Sci. 65 (2), 493-509 (2020). Doi: https://doi.org/10.24425/ams.2020.134131

[43] L. herezy, D. Janik, K. Skrzypkowski. powered Roof Support – Rock Strata interactions on the Example of an 
Automated coal plough System. Stdu geotrch Mech. 40 (1), 46-55 (2018). 

 Doi: https://doi.org/10.2478/sgem-2018-0007
[44] S. Rajwa, The influence of the geometrical construction of the powered Roof Support on the Loss of a Longwall 

Working Stability Based on the practical Experience. Arch. Min. Sci. 65 (3), 511-529 (2020). 
 Doi: https://doi.org/10.24425/ams.2020.134132

https://doi.org/10.3390/en13215534
https://doi.org/10.3390/en12183480
https://doi.org/10.3390/en13174559
https://doi.org/10.1016/j.ijrmms.2008.07.014
https://doi.org/10.1016/j.tust.2018.06.029
https://doi.org/10.1016/S1003-6326(14)63187-3
https://doi.org/10.1016/j.engfailanal.2019.104188
https://doi.org/10.1016/j.proeng.2017.05.158
https://doi.org/10.24425/ams.2021.138598
https://doi.org/10.1016/j.ijrmms.2020.104436
https://doi.org/10.1119/1.1973102
https://doi.org/10.3390/en10111785
https://doi.org/10.24425/ams.2020.134132

