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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,
anew 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.

Keywords: directional roof crack; pressure relief mechanism; main roof; hydraulic support pressure

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.

directional shaped charge 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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Fig. 2. Mechanical models of borehole blasting (a) Traditional borehole blasting,
(b) Directional shaped charge blasting

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.

Directional crack

Fig. 3. Test results of DRC technology
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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.

= overlying strata

Main roof

e — (2 —

Immediate roof

Coal seam

Floor

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:

_ 2
O'ngxzy.ﬁ.% +4_Z 3_ %+3_q y

d d d d 5d 1)
; 204 2 3qL » 3q 34l

o T3 T T  aa
Where L is the main roof weighting interval, m, ¢ is the overburden load, MPa.

Assuming g = 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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Fig. 5. Main roof mechanical model (a) a First weighting — fixed-ends beam,
(b) Periodic weighting — cantilever beam

(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:

ql’

amax=§+ﬁ, MPa @

According to the failure criterion of maximum tensile stress, the condition for the main
roof to collapse is:

Oy = - 3)

Where g, is the tensile strength of the main roof, MPa,  is the safety factor when the main roof
collapses.

According to Equations (1), (2), and (3), the main roof first weighting interval L is:
Ly=2d Ty m 4

Fig. 5b shows the mechanical model of periodic weighting alongside the coal mine face,
where the main roofis 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:

—6 4 3
242, s 24

o, y y -y

d’ d’ 5d )
T :6—qu2—3—q
YL 2d

Assuming g = 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:

3qL2 q
O-max = d—z — g (6)

According to Equations (3), (5), and (6), the main roof periodic weighting interval L), is:

1
L=d|2—+—,m %
3ng 15

According to Equation (4) and Equation (7), the main roof weighting interval is not only
related to the tensile strength (o), but also related to thickness of the main roof (), the overlying
strata load (¢q), and the thickness of the immediate roof (%). Moreover, the thickness of the main
roof has the greatest influence on the weighting interval. As the main roof weighting interval
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Fig. 7. Stress distribution in the cantilever beam (a) Tensile stress distribution, (b) Shear stress distribution

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
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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

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. 8¢ 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 &; (m), then the thickness of the main roof is:

di=h+d—h,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.
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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.

RNy

fkffMain—reoﬂffffA
Pl por
—— 0y

e

Equivalent”™  \ oy
immediate roof

Hydraulic support

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:

b:%(h—LP sind), m 9)
Where 6 is the angle of rock rotation sinking, the angle is small when the main roof is broken,

usually 8 = 3°.
To keep the main roof stable, let £, = 0 and M, = 0, then,

2f + Py=gqL,c (10)
1 IL . .
Echp cos 5 pcosf+d,sind =f(chosl9+dlsm6’)+
. a h
+T(a’1 cosf—L, s1n9—2b)+Pl(E+Ecotalj (11)

Where T'is the horizontal thrust between the rocks, kN, P; is the force of the immediate roof on
the main roof, kN, a; is broken angle of the immediate roof, fis the friction force, kN.
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The relationship between fand T is usually:

S=uT (12)

Where 4 is the friction factor between rock blocks, according to a large number of experiments,
usually g =0.3.

According to Equations (9), (10), (11), and (12), P, can be calculated as:

,u(Lp cos@+d, sin 0)+d1 cosf—L,sind

ch”th'a 0 L1 coso+d sing
—E( —L,sin )—ycos 5 p €080 +d, sin

(L, cos@+d,sinb)+d, cos—L,sind
1 .
_E(h_Lp smﬂ)—,u(a+cota1) (13)

The weight of the equivalent immediate roof P, is completely supported by the hydraulic
support. P, can be expressed as:

B =cy, (hl —h—gcota—%J(a+hcota)+ch7/2 (a+gcotaj, kN (14)

Where y, and 7, are the bulk density of main roof and immediate roof, respectively, N/m?, ¢ 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:

,u(Lp cosf+d, sin¢9)+all cosf—L,sind

) -1 sino 0| L1, cos0+d,sin0

—5( ~L,sin )—ycos Ly cos+dysin

P=B+P =

b ,u(LpcosH—i—dlsin9)+dlcosﬁ—LpsinH
1 .
—E(h—Lps1n9)—,u(a+cotal)
h a h
+ey hl—h—zcotal—z (a+hcotey)+chy, a+zcotat1 , kN (15)

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 a,
as the angle of the DRC and /. cosaj, as the vertical depth of the DRC, then:

h.cosay > h (16)
Where 4, 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:

h,cosa, _% (17)

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

hy=h,cosa, (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 N0.27? 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 S1201-1
and the other is S1201-11, as shown in Fig. 12. The DRC technique was applied in the ventila-
tion roadway of working face S1201-1I during mining while not applied during face mining of
S1201-1. Considering the geological data, the geological parameters of the coal mine face can
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be concluded that d = 18.60 m, 27 =2.20 m and m =4.11 m, the parameters of hydraulic supports
can be concluded that ¢ = 1.75 m and a@ = 5.45 m, according to laboratory tests, other parameters
can be concluded that ¢ = 0.45 MPa, g, = 0.58 MPa, k = 1.43, a; = 60°, y, = 2.7x10> N/m? and
72 =2.5%10° N/m?.

Ningtiaota coal mine

Fig. 11. The position of coal mine

DRC

S1201-II ventilation roadway

S$1201-II working face

S1201-1I belt roadwa
S1201-I belt roadway

S1201-I ventilation roadway

Fig. 12. Situation of the test working face

According to Section 3.5, 2.20 m < h.cosa, < 9.55 m. Based on a previous study [41],
the DRC angle o, is usually around 10° and 20°. The geological and construction conditions
of the test site are considered comprehensively, the DRC angle is set to a, = 10°. Therefore,
2.23 m < h.<9.70 m. According to the site construction conditions, DRC parameters were set
as h. =9 m and a, = 10° to achieve the best pressure relief effect. According to Equation (18),
hy=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
0of 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.

____________ Emulsion explosive
___________ Depth/m
4roll e
medium | Anchorcable” ~— | rols
sandstone| ¢21.8mmx10.5m~—  ~ .
| 4 - — - ‘
= — e A A e 4 rolls
- X» 4 1 94 |- — — L7
_DRc:l\__ [ I
. 9m L
siltstone 3 rolls
220m [ — XL [ | T
Detonztor/ ]
| osm \| hossolicosm|iiom|iziom]  07m 3rolls
= o
FRP bolt
@18mmx1.6m 3
Coal segm| s1201-1 2o Y
- working face
4.1Im 3 L,
'emporary support Sealing .
siltstone |- - -
4.40m =0

(b)

Fig. 13. Working face S1201-1II ventilation roadway and DRC design (a) DRC design of ventilation roadway
at S1201-1I 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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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

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 S1202-1I were acquired. Taking the periodic weighting as
an example, according to Equation (7), the working face S1201-I periodic weighting interval
L, = 13.10 m, working face S1201-II periodic weighting interval L, = 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.
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S1201-I transportation roadway
S1201-I working face

S1201-I ventilation roadway
(2) [ 0T 0T 0 [0 T T [T T

S1201-1 goaf g

LSOO

S1201-1 ventilation roadway
(b) | N | N | 1

A supports with sensors

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

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
S1201-1 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
S1201-1 13.80 10013
S1201-11 8.92 8255
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Fig. 16. Monitoring data from the working face (a) working face S1201-I hydraulic support pressure,
(b) working face S1201-II hydraulic support pressure

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.
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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.
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