OPS/images/feart-10-1029946/math_13.gif
In(E/E)
-

3





OPS/images/feart-10-1029946/math_2.gif
1

) = T et

@





OPS/images/feart-10-1029946/math_3.gif
‘B

H'm,qawmﬁv(w)a N
)





OPS/images/feart-10-1029946/math_4.gif
@





OPS/images/feart-10-1029946/math_1.gif
f(63) = X sy Loy @msm)cos (21 (mx + ny) + $(m,n))
)





OPS/images/feart-10-1029946/math_10.gif
o)





OPS/images/feart-10-1029946/math_11.gif
an






OPS/images/feart-10-1029946/math_12.gif





OPS/images/feart-10-1029946/inline_8.gif





OPS/images/feart-10-1029946/inline_9.gif





OPS/images/feart-10-1034332/feart-10-1034332-g003.gif
b ysi.

Faulc

~,>~9~





OPS/images/feart-10-1034332/feart-10-1034332-g002.gif





OPS/images/feart-10-1034332/feart-10-1034332-g001.gif





OPS/images/feart-10-1034332/crossmark.jpg
©

|





OPS/images/feart-10-1037985/math_5.gif





OPS/images/feart-10-1037985/math_4.gif
293 = 0.1228, + 101458, + 0.6028, = 0.242%
+0.001Xs (@)





OPS/images/feart-10-1037985/math_3.gif
Y alic g
(peT)

2 ®





OPS/images/feart-10-1037985/math_2.gif
Qpte
<] &






OPS/images/feart-10-1026816/feart-10-1026816-g002.gif





OPS/images/feart-10-1026816/feart-10-1026816-g003.gif
Lonpiodie) () nd v () s of sing ity





OPS/images/feart-10-1026816/feart-10-1026816-g004.gif





OPS/images/feart-10-1029946/math_8.gif
(8)





OPS/images/feart-10-1029946/math_9.gif
©

p.C+p,C,





OPS/images/feart-10-1026816/crossmark.jpg
©

|





OPS/images/feart-10-1026816/feart-10-1026816-g001.gif





OPS/images/feart-10-1029946/math_5.gif
” m, (0.0 0v () gg| (s





OPS/images/feart-10-1029946/math_6.gif
Pt u.r m (010" (=) cossin6de| (6






OPS/images/feart-10-1029946/math_7.gif
"
;;,m.jn m,(6)cos sin 60 @






OPS/images/feart-10-1029946/inline_24.gif
Ly





OPS/images/feart-10-1029946/inline_25.gif
Py





OPS/images/feart-10-1029946/inline_20.gif





OPS/images/feart-10-1029946/inline_21.gif





OPS/images/feart-10-1029946/inline_22.gif





OPS/images/feart-10-1029946/inline_23.gif
P





OPS/images/feart-10-1029946/inline_17.gif





OPS/images/feart-10-1029946/inline_18.gif





OPS/images/feart-10-1029946/inline_19.gif





OPS/images/feart-10-1029946/inline_2.gif





OPS/images/feart-10-1029946/inline_7.gif





OPS/images/feart-10-1029946/inline_30.gif





OPS/images/feart-10-1029946/inline_4.gif
a(m,n)





OPS/images/feart-10-1029946/inline_5.gif
)





OPS/images/feart-10-1029946/inline_6.gif
V coh





OPS/images/feart-10-1029946/inline_27.gif
tan- 0





OPS/images/feart-10-1029946/inline_28.gif
| o





OPS/images/feart-10-1029946/inline_29.gif





OPS/images/feart-10-1029946/inline_3.gif





OPS/images/feart-10-1029946/inline_26.gif





OPS/images/feart-10-1013715/feart-10-1013715-t002.jpg
Name Density Bulk modulus Shear modulus Cohesion Internal friction Tensile strength
angle/®
g/em® /GPa /GPa /MPa /MPa
Basic roof 2873 184 080 23 2 20
Immediate roof 2,487 " v 19 30 vs
3#coal 1,400 166 085 21 32 128
Immediate floor 2483 184 080 23 28 20
Basic floor 2,460 179 097 19 30 16
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Meso parameters Symbol Numerical value
Minimum particle radius/m Ruin 05e3

Maximum to minimum particle radius ratio Runax/Rinin 1.5

Particle density/kg/m* » 2,500

Porosity/% n 01

Damping coefficient ¢ 07

Particle normal to tangential contact stiffness ratio 25

Particle Elastic Modulus/GPa 3

Parallel Bond Radius Coefficient i 1.0

Friction coefficient u 09
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Particle size/mm

>20

10-20
475-10
2-475

1-2

05-1
025-0.5
0.074-0.25
<0.074

Mass content/%

19.33
633
1042
2558
1142
975
1158
492
067

Cumulative content/%

100
80.67
74.33
63.92
38.33
2692
1717
5.58
0.67

Bulk density/(g/cm”)

0.64
07
072
0.88
093
0.96
1.01
101
1

Porosity/%

73.59
7131
7042
639

61.76
60.83
58.54
58.6

59.02
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Material Density Melting point Thermal conductivity Refractive index Specific heat
(0

Si0, 22 glem* 1723 0.27 WiemK 16 966 J/Kg'C
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Invasion Confining Invasion Experimental invasion Calculated invasion Error/

pressure/MPa pressure/MPa time/day depth/cm depth/cm %
| 5 | 7 4 109 125 14.68
| 5 | 7 6 ‘ 137 142 365
‘ 5 | 7 8 ‘ 163 152 675
‘ 5 ‘ 7 10 ‘ 186 1.62 1290
| 5 | 7 12 | 197 171 1320
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Parameter

Invasion pressure Py 5678 and9 MPa
Confining pressure P, 7,8,9,10, and 11 MPa
Invasion time T 4,6,8,10, and 12 d
Permeability K 1304, 1,015, 0.740, 0.623, and 0512 mD
Porosity w 61,46, 34,28, and 2.5 %
Pore size R 0,078, 0.061, 0.044, 0.037, and 0.031 pm






OPS/images/feart-11-1112441/feart-11-1112441-t001.jpg
Sample Angle to the Invasion Confining Invasion Invasion Viscosity of the
number bedding plane B/  pressure/MPa pressure/MPa time/d temperature/'C drilling fluid/mPa-s
1,2,3,4,and 5 0 5 7 4,6,8,10, 1258 18
and 12
‘ 6,7,8,and 9 0 6,7,8 and 9 8,9,10,and 11 12 1258 18
10,11, 12, 30, 45, 60, and 90 5 7 12 1258 18
and 13
14,15, 16, 0 5 7 12 1258 18,21, 24,27, and 30

and 17
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Sequence
number

Research
findings or results

References

In terms of theoretical calculation, a two-dimensional coupling model for diverting hydraulic
fracturing s established. The results show that the fracture direction gradually changes toward
the maximum horizontal stress direction. Fracture dynamic reorientation is greatly and
obviously affected by horizontal stress difference

The governing equations of hydraulic fracture activation and steering in three-dimensional
space are deduced. It indicates that along the main fracture propagation direction, fracture
width dramatically narrows after re-orientation when high horizontal differential stres:
subjected. Higher pump rate and higher viscosity of the fracture fluid can generate a wider
fracture because higher residual energy is provided after the re-orientation

s

With the method of fully coupled finite element, the damage model is built on the basis of
Mohr-Coulomb and maximum tensile stress criterions

As a result, the larger the perforation azimuth from the maximum principal stress direction,
the larger the curvature of the hydraulic fracture reorientation

With the characteristic length of the evolutionary fracture, a three-dimensional model of fuzzy
fracture based on the incremental finite element method is proposed. It is indicated by the
results that the new model is better than the standard smeared fracture. The interface obtained
using the new coupling method is more efficient than the traditional model, which is built on
the basis of a continuous but graded mesh

A fully coupled steering fracturing model based on displacement discontinuity is established.
It is shown that both fracture pacing and boundary conditions applied to the previously
created fractures have influenced the path of the fracture. not only the fracture path is affected
by but also by the

‘The incremental fracture growth model by using the maximum axial strain fracture criterion is
established. It is found that with the stress anisotropy coefficient decrease, initial critical water
pressure increases, but the contact area with the formation increases. The perforation angle is
one of the critical factors, which can have great effects on the fracturing

The dynamic expansion model of directional perforation hydraulic fracturing based on a
‘micro-element method (MEM model) is established. It is expressed by the results that by the
contrast of the match degree of the micro-seismic monitoring results, the hydraulic fracture
trajectory obtained using the newly proposed model is larger than that obtained through the
XFE model. The deflection distance decreases negatively logarithmically with increasing
horizontal in situ stress difference while increasing linearly with increasing the perforated
angle, injection rate, and viscosity. The deflection is almost influenced by the perforati
length. The research work is significant to further understand oriented perforation steering
fracturing

A theoretical model of tensile and shear failure induced by water pressure based on the
maximum shear strain and other fracture mechanical criteria is established. The analysis
indicates that while the perforation length increases, the critical water pressure decreases

Zhang G. Q. et al. (Zhang and Chen, 2010a; Zhang
and Chen, 2010b)

Chen M. et al. (Chen, 2013)

Liu L. et al. (Liu et al,, 2018)

Hu Y. et al. (Hu et al,, 2014)

Sesetty V. et al. (Sesetty and Ghassemi, 2015)

Dong Zhuo et al. (Dong and Tang, 2019)

He Feifei et al. (He et al,, 2020)

Dong and Tang Shibin (Tang et al,, 2017; Dong et al,
2018)
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Parameters

Elasticity modulus

Compre:

strength
Tensile strength
Permeability coefficient

Porosity

‘Value and unit

8402 GPa
28.34 MPa
259 MPa

0.1 % 10 pm’
00185

Parameters

Homogeneous degree
Damage mutation coefficient
Poisson’s ratio

Coefficient of pore pressure

Coupling coefficient

Value and unit

023

0.1
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Sample Acidification Mesopore volume (107 cm’/g) Mesopore specific surface area (m”/g)

PM-0 pre- 724 083
PM-1 post- 803 1.09
LA-0 pre- 1.08 017
LA-1 post- 763 117
YM-0 pre- 265 051

YM-1 post- 10.54 1.69
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Sample

PM-0
PM-1
LA-0
LA-1
YM-0
YM-1

Acidification

pre-
post-
pre-
post-
pre-

post-

Pore volume (107" cm’/g)

Vuitra

15.14
17.05
20.62
21,59
2259
2391

Veuper

599
7.60
1042
858
9.75
10.46

Vinic

2113
24.65
3104
30.17
3234
3437

Pore specific surface area (m”/g)

Sutra

54.12
61.67
74.39
7831
76.99
8255

Sauper

1470
1577
2525
2004
2218
24.89

Simic

68.82
77.44
99.64
98.35
99.17
107.44

“Note: According to the IUPAC classification, V.sie Vurar and Ve refer to the volume of total micropores (below 2 nm), ultra-micropores (below 0.7 nm), and super-micropores (0.7~
2 nm), respectively. S, Sy a0d Sqper refer to the specific surface area of total micropores (below 2 nm), ultra-micropores (below 0.7 nm), and super-micropores (0.7-2 nm),

respeciively:
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Invasion Invasion Viscosity of the drilling Experimental invasion Calculated invasion

pressure/MPa time/day fluid/mPa-s depth/cm depth/cm
| 5 12 ‘ 12 190 178 632
‘ 5 2 ‘ 14 176 158 1022
‘ 5 2 ‘ 16 153 147 392
‘ 5 2 ‘ 18 127 136 7.08
| 5 12 | 20 106 096 9.3
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Invasion Invasion Angle to the bedding Experimental invasion Calculated invasion Error/

pressure/MPa time/day plane/ depth/cm depth/cm 9
| 5 12 0 193 170 1.9
‘ 6 2 30 154 136 1.7
‘ 7 12 45 117 123 ‘ 5.1
‘ 8 12 60 098 094 ‘ 41
| 9 2 90 0.16 014 ‘ 125
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Invasion Confining Invasion Experimental invasion Calculated invasion Error/

pressure/MPa pressure/MPa time/day depth/cm depth/cm %
| 5 | 7 12 193 170 1.9
| 6 | 8 12 ‘ 172 159 76
‘ 7 | 9 2 ‘ 143 147 28
‘ il ‘ 10 2 ‘ 126 138 95
| 9 | 1 12 | 115 131 139
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Evaluation factors

BI Geological factors

B2 Mining factors

B3 Strength factors

B4 Environmental factors

Evaluation indexes

C1 Burial depth of coal seam
C2 Dip Angle of coal seam

C3 Geological structure

C4 Thickness of the roof

C5 Aspect ratio of coal pillar

C6 Mining ratio

C7 Distribution of coal pillar

C8 Area of goaf

€9 Remaining time

C10 Compressive strength of pillar
Cl1 Compressive strength of roof
C12 Tensile strength of roof

C13 Mining disturbance

C14 Groundwater

C15 Weathering

Specific parameters

200 m
>

Undeveloped (b)

3

25

05

Dense and uniform (a)
0.14 km?

13

16 MPa

16 MPa

121 MPa

No (a)

Minor (b)

Weak (b)
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Lithology

Fine-sandstone 13
Sandy mudstone 9
Medium sandstone 3
Fine-sandstone 12
Sandy mudstone 8
Fine-sandstone 11
Sandy mudstone 7
Fine-sandstone 10
Sandy mudstone 6
Fine-sandstone 9
Sandy mudstone 5
Fine-sandstone 8
Sandy mudstone 4
No. 19 coal
Fine-sandstone 7
Sandy mudstone 3
Fine-sandstone 6
Medium sandstone 2
No. 22 coal

Sandy mudstone 2
Fine-sandstone 5
Coal line 2
Fine-sandstone 4
Coal line 1
Fine-sandstone 3
No. 25 coal
Fine-sandstone 2
Medium sandstone 1
Sandy mudstone 1

Fine-sandstone 1

Thickness/
m

13

3
105

Tensile
strength/MPa

1.93
238
312
1.93
238
1.93
238
1.93
2.38
1.93
238
193
238
121
1.93
238
1.93
312
121
238
1.93
121
1.93
121
1.93
121
1.93
312
238
1.93

Elastic
modulus/GPa

43
65
93
43
65
43
65
43
65
43
65
43
65
57
43
65
43
92
57
65
43
57
43
57
43
57
43
92
65
43

Friction

angle/()

33
30
23
33
30
33
30
33
30
33
30
33
30
29
33
30
33
35
29
30
33
29
33
29
33
29
33
35
30
33

Cohesion/
MPa

55
4.1
64
55
4.1
55
41
55
4.1
55
4.1
55
4.1
24
55
4.1
55
64
24
4.1
55
24
55
24
55
24
55
64
4.1
55

Poisson’s ratio

0.19
0.13
026
0.19
013
0.19
013
019
0.13
019
013
0.19
0.13
013
0.19
0.13
019
026
013
013
0.19
013
0.19
013
0.19
013
019
026
013
0.19
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Evaluation indexes Categories Class 1 Class 11 Class III

C3 Geological structure a 07 02 0.1
b 025 06 015
€ 0.05 02 075
C7 Distribution of coal pillar a 08 015 005
b 02 0.65 015
c 0.1 0.15 075
C13 Mining disturbance a 08 0.15 0.05
b 025 0.65 0.1
c 0.05 01 085
C14 Groundwater a 0.85 01 0.05
b 025 0.65 01
c 0.05 01 085
C15 Weathering a 07 025 0.05
b 03 06 01

c 01 025 0.65
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Evaluation indexes

C1
C2
C3
C4
Cs
Cé
c7
C8
c9
C10
11
c12
c13
Cl14
C15

In the table, evaluation indexes C1, C2, C4, C5, C6, C8, C9, C10, C11, and C12 are quant

Burial depth of coal seam
Dip Angle of coal seam
Geological structure
Thickness of the roof

Aspect ratio of coal pillar
Mining ratio

Distribution of coal pillar
Area of goaf

Remaining time

Compressive strength of pillar
Compressive strength of roof
Tensile strength of roof
Mining disturbance
Groundwater

Weathering

Class 1

<150 m
<5

No (a)

>15m

>3

>05

Dense and uniform (a)
<1 km?

<sa

>30 MPa

>50 MPa

>3 MPa

No (a)

No (a)

No (a)

Class 1T

150-300 m
525"
Undeveloped (b)
5-15m

1-3

0.5-1.5
In-between (b)
1~2 km?

5-152

10-30 MPa
20-50 MPa

13 MPa

Minor (b)
Minor (b)

Weak (b)

Class III

>300m

525"
Developed (c)
<Sm

<1

<15
Scattered and sparse (c)
>2 km?

>15a

<10 MPa

<20 MPa

<1 MPa
Massive (c)
Massive (c)

Strong ()

indexes, and C3, C7, C13, C14, and Cl15 are qualitative indexes.
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Tailings dio/um dso/um D (4,3)/um

1(Poorly gradated tailings) 54.40 178.28 168.02
2 (Grinding 40min) 170 8.06 1021
3 (Grinding 20 min) | 313 [ 19.43 2197
4 (Grinding 10 min) | s 3287
5 (Grinding 5 min) s | aas 55.53
6 (Grinding 2 min) 10.13 6352 8128 ‘
7 (Grinding 30s) 1271 7944 98.04 ‘
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Sample Porosity (%) Viotar (107 cm’/g)  Pore volume/(10™ cm’/g) Stotar (M7/g) Pore specific surface

Proportion of volume/% area/(m*/g) Proportion
of pore specific surface
area/%

Vinic  Vimes  Vimac Sumes  Swmac
PM-0 273 49.24 2113 7.24 2087 69.68 68.82 083 003
100 4291 14.70 4238 100 98.77 119 0.04
PM-1 339 66.72 2465 803 3404 7876 77.44 1.09 023
100 3695 12.04 5102 100 98.32 138 029
LA-0 336 55.13 3104 1.08 2301 99.88 99.64 017 007
100 5630 1.96 4174 100 99.76 017 007
LA-1 607 106,31 3017 7.63 6851 99.68 9835 117 016
100 2838 718 64.44 100 98.67 117 0.16
YM-0 359 58.85 3234 265 2386 99.77 99.17 051 0.09
100 5495 450 4054 100 99.40 051 009
YM-1 454 81.85 3437 1054 3694 109.24 107.44 169 011
100 4199 12.88 45.13 100 98.35 155 010

*According to the IUPAC classification, Visat, Vinao Vi and Vi refer to the volume of total pores, macropores (above 50 nm), mesopores (2-50 nm), and micropores (below 2 nm),
PR o B A AR W e i wi R TORE s, Tt Tl S0 1) Shtis A it kil tdceinseis Wi Sl speiody
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Sample

PM-0
PM-1
LA-0
LA-1
YM-0
YM-1

Acidification

pre-
post-
pre-
post-
pre-

post-

Pore volume (10~ cm’/g)

Vines

18.01
21.82
2184
2228
21.88
2194

Vinac

20.87
34.04
23.01
68.51
23.86
3694

Viotal

38.88
55.86
4485
90.79
45.74
58.88

Pore specific surface area (m”/g)

Sines

1243
13.60
12.80
1433
1492
1402

Sinac

0.03
023
0.07
0.16
0.09
0.11

Stota

1246
1383
1287
1449
1501
1413

“Note: According to the IUPAC classification, V g Vs and V. refer to the volume of total pores, mesopores (2-50 nm), and macropores (above 50 nm), respectively. S;oap Syes and

G TG B B i T ek, i e F S0 i), At b R S e e
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Particle sizes of

fine tailings(F)

Partical size of whole 168.02 168.02 168.02 168.02 168.02 168.02 168.02 168.02
tailings(C)
pm wm pm um wm um wm wm

Content 10F90C 10E90C 10F90C 10F90C 10F90C 10F90C 10F90C 10F90C
20F80C 20F80C 20F80C 20F80C 20F80C 20F80C 20F80C 20F80C

30E70C 30E70C 30F70C 30F70C 30F70C 30E70C 30F70C 30F70C

40F60C 40F60C 40F60C 40F60C 40F60C 40F60C 40F60C 40F60C

50E50C 50E50C 50F50C 50E50C 50F50C 50F50C

50F50C 50F50C
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Prediction model

GA-GLSSVM

PSO-GLSSVM

GA-PSO-LSSVM

GA-PSO-LSSVM (After removing fluctuation data)
GA-PSO-GLSSVM

RMSE

0.0390
00133
02833
02938
0.0036

MRE

0.0901
0.0935
02348
0.0804
0.0565

MAPE

0.1730
0.1539
05441
0.1946
0.1253

R2

0.8066
0.8067
-0.1469
0.8197
0.9238
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Model

GA-GLSSVM
PSO-GLSSVM
GA-PSO-LSSVM
GA-PSO-GLSSVM

Y

92.8865
339511
0.1476
8.8016

o2

92.8865
35.2236
10.7545
61.1870
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Total Torque Speed of cutter  Propulsion Screw Torque of Grouting

thrust of cutter head speed speed screw volume
head
Earth pressure in -0.059 -0211 0.192 0.061 0092 0.041 0062

chamber

The critical values of the correlation coefficient r, are 0.055, 0.065 and 0.086 at the three confidence levels of 0.1, 0.05 and 0.01 respectively.
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Tunneling parameters

Total thrust (kN)
‘orque of cutter head (KN-m)
Speed of cutter head (rpm)

Propulsion speed (mm/min)
Screw speed (rpm)
Torque of screw (KN-m)

Grouting volume (m3)

Earth pressure in chamber (bar)

Number of
samples

900
900
900
900
900
900
900
900

Maximum value

51,517
22,541
150
80
1088
97
2277
2171

Minimum value

10,772
1729
0.86
13
1.09

150
0.141

Average value

31,953
12,187
139
69
637
38
1152
0825

Standard deviation

4172
2366
0.08

1.56
12

245
0.483
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0-1.5 1.5-2.0 2.0-2.5 >2.5

No hazard Slight hazard Moderate hazard Severe hazard
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Lithology

Sandstone
Siltstone
Mudstone
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12
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037
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Type of rock burst Inducing factors Magnitude (M)

Strain rock burst Flaking and ejection of rock -02-15
Coal pillar rock burst Sudden instability of coal pillar 10-25
Fault slip rock burst Fault slip 20-50
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number depth (cm) (L/s) velocity discharge Fr section number accumulation
(m/s) (L1s)
1 10 4008 01 001429 - - First case
2 10 4802 012 001354 - - First case
3 10 5.606 014 001299 0.109 5 Second case
4 10 64023 016 0006249 0.145 5 Third case
5 10 64023 016 00105 0.145 5 Third case
6 10 72039 018 001054 0.151 18 Third case
7 10 10 8 00274 0173 17 Third case
8 10 10 8 001360 0202 20 Fourth case
9 15 7.796 013 002882 — - First case
10 15 89975 015 002177 0.106 5 Second case
11 15 9.6021 0.16 0.00993 0.121 5 Second case
12 15 10.8071 018 00367 0.116 5 Second case
13 15 10.8071 018 0006132 0132 15 Third case
14 15 120177 02 003699 0.133 5 Third case
15 15 13.1994 022 002365 0.161 14 Third case
16 20 80154 01 003373 — - First case
17 20 104144 013 003351 - - First case
18 20 120177 015 003558 - - First case
19 20 144258 018 003694 0.114 5 Second case
20 20 152024 019 004025 012 5 Second case
21 20 152024 019 000743 0.124 17 Third case
2 20 160276 02 00259 0.132 15 Third case
23 25 14.0024 014 001269 — - First case
24 25 16,0036 016 001599 0.096 5 Second case
25 25 180129 018 001327 0111 6 Second case
26 25 20,0018 02 002034 0122 5 Third case
27 25 204978 0205 001298 0.124 16 Third case
28 25 210011 021 001327 0.125 18 Third case

29 25 22,0009 022 0.02579 0.130 19 Third case
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