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Abstract: In order to solve the application problem of gob-side entry retaining formed by roof cutting
(GERRC) technology of working face under goaf in close-distance coal seams, the 9101 working face and its
return air roadway of Xiashanmao Coal Mine were taken as engineering background. The key parameters of
GERRC were studied by means of theoretical analysis, numerical simulation and field test. The results show
that: The roof cutting height (RCH) should be not less than the height of stope caving, meanwhile, when the
rock strata collapsed, broke and expanded within RCH, it should meet the support effect on basic roof. And
the RCH should be less than the distance between coal seams. The roof cutting angle (RCA) should meet the
mechanical conditions of rock mass failure along the structural plane, and it should meet the geometric condi-
tion of not squeezing the roadway roof during the rotation and subsidence of the stope basic roof. When the
RCH was 7.5m, the RCA was 15 degrees and the blasting charge structure was 4+3+3+2, the stress distribution
and roof subsidence were most optimal. Three rows of constant resistance with large deformation (CRLD)
anchor cables were used to strengthen roadway roof. The unit support, hydraulic prop and n-shaped beam were
carried out as temporary support in roadway. The surrounding rock of roadway tended to be stable when lagged
behind 100m, and the effect of GERRC was good after the temporary support measures were withdrawn.
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1. INTRODUCTION

As one of main energy consumption in China, coal resource has the characteristics
of wide distribution and abundant reserves. However, the hosting environment of coal
resource is complex, and the problem of close-distance minable coal seams exists in
most mining areas. The upper coal seam mining will have disturbance on rock mass
and mining in lower coal seam. It belongs to the typical “close-distance” coal seams
mining problem (Teng et al (2016); Hao et al (2019)). Many researches have been
done on the roadway surrounding rock stability control when mining downward. The
theoretical analysis, numerical simulation and laboratory test were used to study the
reasonable mining roadway position of the lower coal seam, and the reasonable layout
offset of the roadway was obtained (Yan et al. 2015; Gao et al. 2020; Wang et al.
2015; Cheng et al. 2015). Sun et al (2014) studied the failure mode of roof between
coal seams, and pointed out that the solid coal side of gob-side entry was mainly cat-
aclastic structure, and the other location was mainly block structure. Wang et al (2018)
studied the control technology of mining roadway under the goaf and proposed that
increasing the coal pillar size and strengthening support structure can control the sur-
rounding rock deformation. Shi et al (2013) obtained the calculation formula of floor
failure depth caused by coal seam mining through field investigation. However, pre-
vious research has solved the practical problems of close-distance coal seams mining,
and pointed out that coal seam mining will cause damage to floor rock strata, but it
cannot fundamentally solve the problems of large roadway excavation and low recov-
ery rate in the process of close-distance coal seam mining.

In order to solve the above problems, He et al (2003) took advantage of the weak
tensile strength of rock, and put forward bilateral cumulative tensile explosion
(BCTE) technology. Subsequently, the theory of “roof cutting short-wall beam” was
proposed. Basing on this theory, a new technology of gob-side entry retaining formed
by roof cutting and pressure releasing (GERRC) without coal pillar was developed
and applied in the field for the first time successfully (He et al 2015; Zhang et al 2011,
Wang et al 2018; Zhang et al 2020). Zhang et al (2020) studied the holes spacing of
BCTE, and put forward the spacing calculation formula. In order to cut off the con-
nection between the roadway roof and the stope roof, the key parameters of GERRC
are to determine the appropriate roof cutting height (RCH), roof cutting angle (RCA)
and roof cutting blasting charge structure, Sun et al (2014) studied the key parameters
of thin coal seam, pointed out that the RCA should meet the requirement of the tensile
failure of immediate roof and deflect a certain angle towards gob in order to cut off
the stress transfer path between the roof of stope and the roof of retaining roadway.
Hu et al (2019) proposed a roof-cutting mechanical model of GERRC, determined the
optimal RCH, RCA and support measures in a deep inclined thick coal seam. He et al
(2018) pointed out the key parameters of roof cutting under deep high stress condi-
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tions, and the field support design was optimized. Sun et al(2020) explored the mech-
anism of GERRC, studied the different modes of collapse between the conventional
gob-side entry retaining and GERRC. Guo et al(2019) proposed a novel support sys-
tem with a good energy-absorbing capacity to make it possible to effectively restrain
the large deformation in the deep surrounding rock. However, the above researches
were based on single coal seam, the application research of GERRC in close-distance
coal seams is less. In order to change the traditional mining mode in close-distance
coal seams, expand the application range of GERRC and improve the mining rate, it
is necessary to carry out technical research test in the working face under the goaf in
close-distance coal seams and study the key parameters of roof cutting. Therefore, the
9101 working face and its return air roadway under goaf in Xiashanmao Coal Mine
were taking as engineering background, the reasonable key parameters of roof cutting
were studied through theoretical analysis, numerical simulation and field test.

2. ENGINEERING BACKGROUND

Xiashanmao Coal Mine is located in Lvliang City, Shanxi Province, China. The min-
able coal seams are NO.4, NO.8 and NO.9. The average coal seam spacing between NO.4
and NO.8 is 61.30 m. The average coal seam spacing between NO.8 and NO.9 is 12.20m.
The NO.8 coal seam had been fully mined. The technology of GERRC was tested at 9101
working face. The lithology comprehensive column diagram of roof and floor is shown
in Fig.1(a).
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Fig.1 The lithology histogram and working face layout. (a) Lithology histogram of roof and floor; (b)
Layout of working face

At present, NO.9 coal seam is mainly mining, and the 9101 working face is the first
mining face. The coal seam inclination angle is 2 — 4° and the mining height is 3.0 m. The
working face is buried 200 m. The incline length of working face is 150 m, the strike
length is 480 m, and the length of GERRC is 457 m. According to the lithology histogram,
the direct roof is mudstone, the basic roof is sandy mudstone, and the overlying strata is
the goaf of 8101 working face. The floor is fine sandstone and mudstone with large thick-
ness. Therefore, the test roadway is a typical working face under the goaf in close-distance
coal seams. The test roadway is a rectangular roadway with the height 4.0m and width
3.0m. The layout of working face is shown in Fig.1(b).

2. TECHNOLOGY OF GERRC

The technology of GERRC without coal pillar uses the BCTE technology to cut off
the roof connection between roadway and stope. It can cut off the stress transfer path in
the mining process and keep the roadway in a low stress area. During the process, the
specific supporting technology will be used to maintain the gob-side entry stability and
the gangue automatically collapses to form gangue side under the mine pressure. When
the technology is applied to the working face under goaf in close-distance coal seams, the
process of GERRC is shown in Fig.2.
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Fig.2 Process of GERRC under goaf. (a) The principle. (b) Stage 1. (c) Stage 2. (d) Stage 3

Firstly, on the baisc roof support, the constant resistance and large deformation
(CRLD) anchor cable is used to reinforce roadway roof. Secondly, The BCTE technology
is carried out to form a roof cutting seam in advanced working face along the goaf side at
a certain RCH and RCA, so as to cut off the roof connection and stress transfer path
(Fig.2(b)). Thirdly, when the working face is mined, the roadside gangue support and the
temporary support in roadway were used to maintain the roadway stability and prevent
the gangue flowing into the roadway, at the same time, suppress the bending and large
deformation of the roadway roof (Fig.2(c)). Fourthly, when the mine pressure and the
roadway deformation are stable, the temporary support measures in the roadway will be
withdrawn to achieve no-pillar mining. And the roadway will be reused for the next work-
ing face (Fig.2(d)).
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4. ANALYSIS OF KEY PARAMETERS

4.1 THEORETICAL ANALYSIS

1) Roof cutting height (RCH)

The RCH refers to the maximum height of vertical upward along the roadway roof,
which aims at cutting off the roof connection between stope and roadway. The gangue
of stope collapses rapidly after mining, and after breaking and expanding, it can realize
the supporting effect on the basic roof and reduce the rock strata movement intensity. If
the RCH is small, the height of caving gangue is insufficient, the motion intensity of
rock strata is severe, and the stress transfer path cannot be cut off completely. Oppo-
sitely, if the RCH is large, the speed and accumulation height of gangue collapse will
increase, and it can achieve better pressure relief effect, but the difficulty and cost of
BCTE will increase accordingly. Therefore, when GERRC is applied under the goaf in
close-distance coal seams, the RCH should meet following principles: Firstly, after the
caving gangue broking and expanding, the accumulated gangue height within the range
of RCH can better realize the supporting effect on the basic roof; Secondly, the RCH
should be no less than the falling zone height of stope after mining; Thirdly, on the
premise of meeting the first and second principle, the RCH should be less than the dis-
tance between coal seams.

For the first principle, when the working face is mined, the stope roof collapses
under pressure with broken and expansion ( Fig.3). The gap between the gangue and the
basic roof is (Chen et al 2019):

Azzhi'l'hm_ZKihi_hd_hf )

Where: Y h.: sum of thickness of each rock layer within RCH. h_ : the thickness
of coal seam. K, : broken expansion coefficient of each rock layer within RCH. h, : the
floor heaven. h,: roof subsidence.

In order to reduce the amount of roof rotated subsidence and weaken the movement
of rock strata, the A =0 need to be satisfied, then :

T @

Where: h,: the RCH.

According to the geological conditions of 9101 working face and field monitored
date, the thickness of coal seam is 3.0m, the broken expansion coefficient was 1.40 and
the floor heaven was 0.1m. In order to ensure the safe height, the roof subsidence was
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set 0.0 m. The result of RCH is 7.25m.

CRLD cable

Fig.3 The calculation model of RCH

For the second principle, because the roof of 9101 working face is mudstone and
sandy mudstone, and the upper coal mining caused disturbance and damage to the in-
terlayer rock mass. Therefore, when the 9101 working face was mined, the calculation
formula of the falling zone height is :

= 13&11.5

Where: h, : falling zone height.

So, the calculated falling zone height was 4.43-7.43 m. In order to realize the effect
of roof cutting and pressure relief well, the RCH was 7.43m.
Based on the above analysis, the RCH should take the maximum value between h,

andh, :

h, =max(h,,h,) (4)

According to Eq.(4), the reasonable RCH was7.43m. For construction conven-
ience, the final RCH is 7.5m. The distance between NO.8 coal seam and NO.9 coal
seam is 12.2 m, which was greater than the value of theoretical calculation. And it met
the requirement of third principle.

2) Roof cutting angle (RCA)

The RCA refers that under the premise of determined RCH, the roof cutting seam
inclines to the goaf side at a certain angle. This will make the stope roof collapse
smoothly along the roof cutting seam, and not cause extrusion on the roadway roof. If
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the RCA is small, there will be squeeze pressure on the roadway roof in the process of
gangue caving and the rotation and subsidence of the basic roof. Contrarily, if the RCA
is large, the length of short-wall beam increases. It will increase the stability control and
roof cutting difficulty of GERRC. Therefore, when GERRC is applied under the goaf
in close-distance coal seams, the RCA should firstly satisfy the mechanical condition,
that is, the rock mass damage along the predetermined structural plane. And then satisfy
the geometric condition, that is, the basic roof of stope does not squeeze the roadway
roof in the process of rotary subsidence.

For the mechanical condition, the roof cutting seam can be simplified as a single
structural plane of rock mass. When the stope gangue collapses along the roof cutting
seam under the mine pressure, it can be regarded as the shear failure of rock mass along
the structural plane. The structural plane indication was shown in Fig.4(a). The theoret-
ical analysis of rock mass failure and structural plane failure were shown in Fig.4(b).

K

- . r T =c,+otang,
\ T rT=c, +otang,
o, / o, 7[2+4,
.
\ 11
A ¢(] 25, 2p I
C, gt I
! c“' 2/51
Ta.l O3 0 g, o
(@ (b)

Fig.4 Rock failure analysis diagram with structural plane. (a) Structure plane diagram. (b) Strength analy-
sis diagram of rock mass with structural plane.

The normal stress and shear stress acting on the structural plane are :

G:%(Gl +0'3)-i-%(0'l —0,)c0s2p

T :1(0'1 —0,)sin2p
2 (5

Where: o,: maximum principal stress. o,: minimum principal stress. g: angle
between structural plane and horizontal line.

In the process of shear failure of rock mass and structural plane, they conform to
the Coulomb criterion:
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T=otand, +¢,
r=otang, +cC,

(6)
Where: ¢, internal friction angle of rock mass. c,: cohesion of rock mass. ¢, :
internal friction angle of structural plane; c, : cohesion of structural plane.
If the rock mass is destroyed along the structural plane, it needs to change in a
certain angle range. According to the relationship between rock structural plane and
rock mass strength, when the angle between the structural plane and the maximum prin-

cipal stress is located in region Il (Fig.4(b)), the rock mass is destroyed along the struc-
tural plane, thatis g, < S < 5, :

ﬂ c C0t¢ +m
2 _ w w
Sin¢w Sin(2ﬁ1_¢w)
M c Cot¢ +M
2 _ w w
sin g, sin(z +¢, —20,) )

The relationship between g and RCA is 0 = %—,B . Therange of RCAis: 4, <6<,

P

6, = ——+1arcsin
2 2

(o, +0,+2c, cotg,)sing,
0, - 05

6, :£—¢—W—1arcsin
2 2

(o, +0,+2¢C, cotg,)sin %}
2

0, =03

(8)

The depth of 9101 working face is 200m, o; =5MPa ,when the working face is
mined, the o, is regarded as OMPa. The direct roof is mudstone, The rock test showed
that: ¢, =1.02MPa, ¢, = 26° .

According to Eq.(8), when the RCA is greater than 13.77°, and less than 50.23°,
the shear failure will take place along the structural plane, and the stope roof will be
destroyed along the roof cutting seam after mining.

For the geometric condition, in the process of caving and compaction, the basic
roof of stope will gradually break. And the key Blocks A, B and C are formed near the
gob-side entry (Fig.5(a)).
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Fig.5 Geometric conditions of roof cutting angle. (a) Model of roof collapse. (b) Geometric model of
Block B.

In order to reduce the extrusion friction between Block B and roadway roof, Block
B should not be contact with the roadway roof when it is rotary subsidence along P
point. Therefore, the geometric condition of L, > L., should be satisfied (Fig5(b) :

LPB =4 LZBC + Lic

Loa = Lgc + Lpc tan @

Loc =y —h,
©)

Where: Lg.: the length of Block B; 6: the RCA; h,: the distance between coal
seams; h,, : the RCH.
From Eq.(9) :

hd - hrc

2 _ 2 _
0> arctan( Voo (s ~he)” ~Loe J (10)

The length of Block B is (Li et al) :
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T G (11)
227

Where: L :the broken step of basic roof. L, : the inclined length of working face.

According to the engineering geological conditions and monitoring data of hydrau-
lic support with sensor: h, =12.2m ,h_=7.5m, L, =150m, L=10m. The range of RCA is:
f>11°

According to the above research, the RCA should meet the mechanical condition
and the geometric condition at the same time. However, if the RCA is equal to the fric-
tion angle of rock mass, the Block B will lose stability and collapse along the roof cut-
ting seam (Chen et al 2019). The reasonable range of RCA should be greater than 13.8°
and be greater than 11°,and be less than 26°, that is : 13.8°< 0 < 26°.

4.2 NUMERICAL SIMULATION ANALYSIS

According to the geological conditions of the 9101 Working face of Xiashanmao Coal
Mine, the finite difference software FLAC®P was used to establish a numerical simulation.
The different RCH and RCA was studied. The calculation model is shown in Fig.6. The
calculation range was 218 m»x210 mx100 m (lengthxwidthxheight). The model consists
9 layers of strata, including NO.8 coal seam and NO.9 coal seam. The model was fixed
around to limit the horizontal movement, and the bottom was fixed to limit the vertical
movement. The top surface was the stress boundary, and 3.30 MPa uniform load was
applied to the top surface to simulate the overlying strata. The Mohr-Coulomb constitutive
model was selected, and the physical and mechanical parameters of rock mass were shown
in Table 1.

I Overlying strata
— ) [0 Media sandstone
| B Limestone

’ I Coal seam

Roof cutting line - I Sandy mudstone
I Mudstone

B Fine sandstone

218m
Fig.6 Schematic diagram of numerical analysis model

Table.1 The physical and mechanical parameters of rock mass
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Bulk Shear Tensile Internal

Lithology Density, Modulus, Modulus, Strength, Cohesion, Friction

kg/m3 GPa GPa MPa MPa Angle, °
Overlying strata 2500 3.60 2.46 1.35 1.50 28
MEdL‘t‘zlza”d' 2700 7.60 5.16 2.20 2.70 35
Limestone 2910 7.32 4.70 2.10 2.34 34
8 # coal seam 1450 1.91 1.15 0.35 1.35 22
sa”::‘é:;“d' 2531 3.60 2.84 1.41 1.30 27
9 # coal seam 1450 191 1.15 0.35 1.35 22
Fine sandstone 2600 6.30 4.50 1.84 2.75 32
Mudstone 2460 3.10 2.17 1.60 1.02 26

According to the actual working layout conditions, the NO.8 coal seam was mined
firstly step by step, and each excavation step was set as 10 m. After each step was bal-
anced, the next step was carried out. When the NO.8 coal seam was mined out, the dis-
placement was cleared. The mining roadway was excavated and then and 9101 working
face was mined step by step. The stress distribution characteristic and deformation of sur-
rounding rock with different RCH and RCA were studied.

1) Simulation of different RCH

In order to study effect of GERRC with different RCH, three roof cutting heights sim-
ulation schemes were proposed. The first scheme was 5.0 m, which was slightly higher
than the direct roof. The second scheme was 7.5 m, which was equal to the theoretical
calculation value. The third scheme was 9.0 m, which was higher than the theoretical
calculation value. The RCA was set as 0°, namely, perpendicular to the roof. The results
of numerical simulation were shown in Fig.7 and Fig.8.

The vertical stress distribution cloud diagrams with different RCH were shown in
Fig.7. There was obvious stress concentration area on the right side of the solid coal side.
When RCH was 5.0 m (Fig7(a)), 7.5 m (Fig.7(b)) and 9.0 m (Fig.7(c)), the stress concen-
tration area of the solid coal side was respectively 3.2 m, 5.3 m and 5.5 m away from the
surface of roadway surface, and the peak value of stress concentration was 21.5MPa,
20.2MPa and 19.6MPa. It indicated that with the increase of RCH, the peak value of con-
centration stress decreased gradually, and the stress concentration area was farther from
the surface of roadway coal side. When the RCH was less than theoretical value, the stress
transfer path cannot be cut off completely, the stress concentration was larger, when the
RCH was greater than the theoretical calculation value, the weaken effect of pressure re-
lief was not obvious.
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Fig.7 Vertical stress distribution cloud diagram of different roof cutting height. (a) Stress diagram with
5.0m.(b) Stress diagram with 7.5m. ( ¢) Stress diagram with 9.0m.

The vertical displacement cloud diagrams with different RCH were shown in Fig.8.
When RCH was 5.0m (Fig8(a)), 7.5m (Fig.8(b)) and 9.0m (Fig.8(c)), the maximum roof
subsidence of roadway was respectively 440mm, 290mm and 270mm. This indicated that
the roof subsidence decreased gradually with the RCH increase. When RCH was less than
theoretical value, the roof subsidence was largest. When RCH was theoretical value, the
roof subsidence decreased significantly. When RCH was greater than theoretical value,
decrease of roof subsidence was less evident.

Through comprehensive analysis, when the RCH was equal to 7.5m, the stress transfer
path can be cut off. The peak value of stress concentration and roof subsidence were rel-

atively small, Therefore, the RCH of 9101working face under goaf should take 7.5m, that
was the theoretical value.

Zdisp/m
0.016
0,000
-0.200
-0.400
-0.600
-0.800
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L -1.200
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-1.600
-1.800
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-2.800

@) (b) ©

Fig.8 Displacement distribution cloud diagram of different roof cutting height. (a) Displacement diagram
with 5.0m.(b) Displacement diagram with 7.5m. (c) Displacement diagram with 9.0m

2) Simulation of different RCA

In order to study effect of GERRC with different RCA, When RCH was 7.5m, three
RCA simulation schemes were proposed. The first scheme was 10°, a little small than
theoretical angle. The second and third schemes were 15° and 20°. The numerical simu-
lation results were shown in Fig.9 and Fig.10.

The vertical stress distribution cloud diagrams with different RCA were shown in
Fig.9(a)-Fig.9(c). The stress concentration area decreased. When RCA was 10° (Fig9(a)),
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15° (Fig.9(b)) and 20° (Fig.9(c)), the peak value of stress concentration was respectively
20.1 MPa, 19.5 MPa and 19.5 MPa. The area and peak value of stress concentration firstly
decreased and then increased.

-2.50

Stress/MPa
-4.00
-5.50

l -0.13
-7.00

-1.00
-8.50
-10.00
-11.50
-13.00
-14.50
-16.00
-17.50
-19.00
2050
-21.00

(b)
Fig.9 Vertical stress distribution cloud diagram with different roof cutting angle. (a) Stress diagram with
10 degrees.(b) Stress diagram with 15 degrees. ( ¢) Stress diagram with 20 degrees.

The vertical displacement cloud diagrams with different RCA were shown in
Fig.10(a)- Fig.10(c). It could be seen that roof subsidence decreased when there was a
certain RCA. When RCA was 10° (Fig.10(a)), 15° (Fig.10(b)) and 20° (Fig.10(c)), the
maximum roof subsidence of roadway was respectively 245mm, 196mm and 250mm.
When RCA was smaller than theoretical value, the roof subsidence was larger. When
RCA was in the theoretical range, the length of the roof cutting short wall beam structure
increased gradually with the increasing of RCA, and the roof subsidence also increased
gradually.

Through comprehensive analysis, When RCA was less than the theoretical angle, the
stope roof caving still affected the roadway roof. The peak value of stress concentration
and the roof subsidence of roadway were relatively larger. When RCA was within the
theoretical range, with the increase of the roof cutting angle, the peak value of stress con-
centration and roof subsidence increased gradually. Therefore, the reasonable RCA of
9101 working face was 15°.
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Fig.10 Dlsplacement distribution cloud diagram W|th different roof cutting angle. (a) Dlsplacement dia-
gram with 10 degrees.(b) Displacement diagram with 15 degrees. (c) Displacement diagram with 20 de-
grees.
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4.3 ANALYSIS OF CHARGE PARAMETERS

The key of GERRC is to form a roof cutting seam with a specified height and angle
through BCTE technology along the goaf side of test roadway. In order to determine the
pre-splitting blasting charge parameters, the control variable method was used to study
the blasting charge parameters. The spacing of blasting hole was 600mm, and the length
of the sealing mud was 2.0m. Four energy gathering pipes were used. Each energy gath-
ering pipe was 1.50m. The emulsion explosive was used with the specification . Through
the single-hole blasting test, the reasonable charge range was 11-12 rolls in each blasting
hole. On this basis, the optimal charge parameters are studied by the continuous hole
blasting test. The blasting scheme and the energy gathering pipe were shown in Fig.11(a)
and Fig.11(b). The fracture penetration rate and fracture characteristics of different charge
parameters were shown in Table 2.

Table 2. On-site test parameter table of shaped charge blasting

T har; ram- Fr r ne-
est Charge para aCtL'J € pene Fracture characteristics
scheme eter /roll tration rate
1 3434241 54.3% Crack spacing occurred and low fracture

penetration rate

Cracks continuously occurred in the mid-
2 4+4+3+1 72% dle and upper part, but not occurred in
the lower part

Crack penetration effect was good, met

3 443+3+2 91% . .
the design requirements

By comparing the fracture penetration rate and fracture characteristics of different
charge parameters, the optimal charge parameter was 4+3+3+2, the seam rate was 111 %,
and the crack penetration effect was better. This could meet the requirements of GERRC
and ensure the effect of roof cutting and pressure relief. The charge parameter structure
and the effect of BCTE were shown in Fig.11 (c) and Fig.11 (d).

Single hole blasting

e e e U

Continuous hole blasting

(&) (b

connector <

SR T ]
27

Energy gathering pipe >
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Fig.11 Blasting test schematic and crack effect diagram. (a) Single hole and continuous hole blasting
schematic diagram. (b) Schematic diagram of energy gathering pipe. (c) Schematic diagram of chart. (d)
Effect of BCTE

5. ENGINEERING APPLICATION AND EFFECT

5.1 SUPPORT DESIGN

The support design of GERRC was divided into two steps, they were reinforcement
support and temporary support.

The first step was reinforcement support. Three rows of constant resistance and large
deformation (CRLD) anchor cables were used to reinforce the roadway roof of 9101
working face. The diameter of CRLD was 21.8 mm and the length was 9300 mm. The
constant resistance value was 32 + 3 t. The length of the constant resistance device was
460 + 5mm. The pre-tightening force was set as not less than 25 t. The first row spacing
of CRLD cables was 1.0 m, and the W steel strip was used to connect two cables. The
second row spacing of CRLD cables was 2.0m. The steel ladder beam was used to connect
two cables. The third row spacing of CRLD cables was 5.0m. It was applied in the form
of point anchorage and tilted 15° to solid coal side. The sectional view and plan view
diagram were shown in Fig.12(a) and Fig.12(b).

The second step was temporary support. Before mining, in order to reduce the influ-
ence of advanced mining stress, three single hydraulic props and a n-beam were used at
20 m ahead of working face (Fig.12(a)). After mining, in order to reduce the deformation
of roadway surrounding rock, one unit support, two single hydraulic props and one 7-
shaped beam were combined for temporary support in roadway (Fig.12(c)), and the spac-
ing of single hydraulic props was 1200 mm. Meanwhile, the U-shaped shrinkable steel
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and diamond metal mesh were introduced as side support to prevent the caving gangue
from pouring into the roadway, the spacing of U--shaped shrinkable steel was shown in
Fig.12(d).
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Fig.12 Support design diagram. (a) Sectional view of support design in advance of working face. (b)
Plane view with CRLD anchor cable. (c) Sectional view of support design lagged working face. (d) Sec-
tion view of roadside gangue support.

The deformation of the surrounding rock can effectively reflect the effect of GERRC.
After the 9101 working face was mined, the deformation of surrounding rock of the test
roadway was monitored by cross measuring point method. The roof subsidence, defor-
mation of goaf side and solid coal side, the floor heaven were monitored. In order to ensure
the effectiveness of deformation monitoring, the monitoring data of two stations were se-
lected for analysis. The surrounding rock deformation curve of different stations lag work-
ing face in RFARC was shown in Fig.13.
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Fig.13 Deformation curve of surrounding rock. (a) Station 1. (b) Station 2.

According to the deformation curve of surrounding rock (Fig.13), when the working
face was mined, the deformation of surrounding rock had obvious zoning characteristics.
When lagged behind 0-40m, the deformation increasing rate of surrounding rock was
large. It was the rapid deformation zone. When lagged behind 40-100m, the deformation
increasing rate of surrounding rock decreased. It was the deceleration deformation zone.
When lagged behind more than 100m, the deformation of surrounding rock tended to be
stable. It was the stable deformation zone. The maximum deformation of roof was be-
tween 240mm to 250mm. The maximum deformation of coal side was between 160mm
to 170mm. The maximum deformation of goaf side was nearly 125mm, and floor heaven
was nearly 80mm to 100mm.

CRLD cable anchor

Test roadway

Fig.14 Effect of on-site support and effect of GERRC when the temporary support was withdrawn.(a)
Support with CRLD anchor cables (b)Temporary support effect of advanced working face (c) Temporary
support effect when lagged working face (c) Effect of Goaf side. (d) Overall effect of GERRC.



Research on key parameters of gob-side entry retaining formed by roof cutting of working face ... 39

When lagged behind working face 120m, the movement of roof strata and the defor-
mation of surrounding rock of GERRC were stable, then the temporary support in road-
way was withdrawn. The effect diagram of temporary support on site and the withdrawal
of temporary support were shown in Fig.14. It can be seen that U-shaped shrinkable steel
and connectors were well to prevent the collapse of gangue into the roadway. The overall
effect of GERRC was good under the design of strength support to roof and coal side and
temporary support in roadway.

6. CONCLUSION

When GERRC was applied in working face under goaf of close-distance coal seams,
the RCH should satisfy the supporting effect of gangue on the basic roof after broken and
expansion, and should be greater than the caving height of stope roof, meanwhile, it
should be less than the coal seams spacing. The RCA should meet the mechanical condi-
tion and geometric condition at the same time.

Combining theoretical analysis and numerical simulation, when the RCH was 7.5 m
and the RCA was 15°, the stress field and roof subsidence of GERRC were optimal. It not
only cut off the stress transfer path between the stope roof and roadway roof, but also
reduced the influence of rotary subsidence of the basic roof on the roadway roof.

The charge parameters of BCTE were tested by control variable method. When the
blasting hole spacing was 600 mm and the length of sealing mud was 2.0 m, the optimal
charge structure parameters were 4+3+3+2, and the crack rate reached 91%.

When the roadway roof was reinforced by three columns of CRLD anchor cable and
the temporary support was consisted with unit support and single hydraulic prop could
effectively control the deformation of surrounding rock, and when lagged behind working
face 120 m, the deformation of surrounding rock tended to be stable.
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