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Abstract: Rockburst of rock mass containing structural plane is one of the important disasters
that damage personnel and property safety. The true triaxial single-side aerial loading rock-
burst test were conducted, combined acoustic emission monitoring and three-dimensional scan-
ning technology. The effects of parameters for hidden structural plane on rock strength, rock-

burst characteristics and failure forms of granite are studied. The relationship between the
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shear strength of structural plane and the volume of rockburst pit is analyzed. The results
show that the compressive strength of rocks with different structural planes is reduced. For
30°—60°0f the structural plane, the ability of structural planes to weaken rock strength increa-
ses first and then decreases. With the change of structural plane angle, the location of rock-
burst and the degree of rock damage change accordingly. The increase of the length of struc-
tural plane, with the peak stress of rock decreases. Localized shear failure or splitting failure in
rock is induced by shorter structural planes, global shear failure or slip failure in rock is trig-
gered by longer structural planes. The compressive strength of rock is enhanced by approxi-
mately 11. 6% due to structural plane grouting, the deformation and displacement of rock
blocks at structural planes under shear loading are reduced by structural plane grouting; The
proportion of rock yield stage time increases by 1% —14% when the rock contains structural
planes. Grouting is demonstrated to extend the instability stage duration. An inverse correla-
tion is identified between the shear strength of hidden structural planes and rockburst intensi-
ty. The higher shear strength of structural plane is, the smaller rockburst pit volume becomes
and the reduced the rockburst intensity occurs. Rockburst mechanisms in rock with hidden
structural planes are classified into shear-slip type and tensile-shear composite type. These

findings provide theoretical support for disaster prevention and mitigation in underground engi-
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neering involving hidden structural planes under high-stress conditions.

Key words: rockburst; hidden penetrating structural surfaces; grouting; rockburst pit
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Table 2 Peak stress, strain, and comparative data of specimens
P WEAE R T1/ SRR AN ) W N AR/ e g WEE N T1/  HSERE RN S W N AR/
MPa i LA / % % MPa B L fE/ % %
N 278 3.9 H-45-50 199 71 3.2
B-30-30 201 72 2.9 H-60-50 155 55 3.0
B-30-50 206 74 2.6 H-90-20 199 71 3.7
B-45-30 193 69 2.6 G-0-50 257 92 3.1
B-60-20 250 90 2.9 G-30-50 230 82 2.6
B-90-50 254 91 2.7 G-45-20 256 92 2.7
H-0-30 226 81 3.3 G-60-30 238 85 3.3
H-30-20 238 85 3.4 G-90-30 276 99 3.2




5% 3 3 7

RESE . =M A0 T 0 B AR G50 TR A MR 0 R R IR AT 5T 627

P 320 6 45 SR 40 A T L A ] B R &5 4 T 2 L
) 3 5 R 58 B 25 R TE R BT o) O 1) B4 1 -
75 T 2 VA ASE 2R BOHA R] L % B SCHR (15181 26 1
FARBRSERY S, SFH A AR RS 4R
oL, TOHE AR S A B 50 e R Rl oAy 2 et P 255 o B
2 st Y B L IR B B S M AR T B BRI A 5 G
5 BB,

2.1 HMANERNEHEREBEHTIESEMm
2.1, SR A T 2 R R )

AN [) &35 A) THI AW A 2 A0 1) 7 - 17 A5 il 28 %) L
BLANTE 6 Fr s, F P 6 R Dl L 4R 5 B A R Y I -
i 725 1 2% L B-30-30, B-45-30 ‘A RF 114 45 44 T8 15 £A £l
30°HEF 45° ARV o) D7 I A W L 1 43 ) A 5

OAFEN 72% A1 69 % s H-45-50, H-60-50 ‘& k£ 1)
SEF TR AR 45 I E 60°, RN o, T ) By WA
N3 43 5 R 52 #E A RE R 71 % A 55 % 5 G-60-30,
G-90-30 4 HE A 25 14 TR0 A 60° 388 22 90°, A R T
oy J7 0] Y UEAE I 7 43 30 R S8 B FE Y 85 96,99 %%,
A 5T 45 T A 3071 2 45° B, T o
T 1) B4 % BR 40 6 558 BE 4T U8 3 %0 w0y ) W {10 A P
2. 9000 2. 7% RIS T M B 4571 % 60°, &
FEWY o0 J7 0] AR BR T T 3 BE 4R =5 2106 .0, T ) I
(B A2 38 28 2.9 V0 5 X AH ] 2 BT 45 44 T {6 A 8 2ok
60, 25 ¥4 1T ] 55 2 A0 B 0 B A AR ek 55, 24 4
T T A B2 90° I, A FF BT T 9 B Ol 58 B AT Y
91 Yo » 470 B B 52 25 ) TE 5 1A A5 /)N

B-30-30 300 G-90-30 H-60-50
200 B-45-30 250k G-60-30 200 H-45-50
o 150 < 2001 o 150
g S 150} 3
S 100 N S 1001
100t
50t sl 50t
0 07705 1.0 1.5 2.0 25 3.0 35 07705 1.0 1.5 2.0 2.5 3.0 3.5

05 1.0 1.5 20 25 3.0
&1/%
(a)B-30-30, B-45-30

(b)G-60-30, G-90-30

&1/% &1/%
(c)H-45-50, H-60-50

6 A [ 45 b THI T AR 2 A B4 107 0 - o7 A% T 2 X G

Fig. 6 Comparison of stress-strain of rock samples with different inclination angles of structural surfaces
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Plot of acoustic emission energy analysis for different structural surfaces and intact rocks
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Table 5 Shear strength of rock structural surfaces and
volumetric analysis of rockburst craters

AT HBYUAR/ cm? L5 K4 TR 0B 58 S / MPa
B-30-30 91. 24 33. 06
B-30-50 88. 47 33. 14
B-45-30 60.77 39. 50
B-60-20 70. 87 37. 26
B-90-50 55. 54 140.17
G-0-50 174. 29 30. 08
G-30-50 83.29 33.74
G-45-20 48.17 42.55
G-60-30 57.95 39.95
G-90-30 51.91 41.22
H-0-30 144, 82 30. 15
H-30-20 80. 78 36. 95
H-45-50 46. 62 73.77
H-60-50 34. 63 124. 26
H-90-20 65. 28 38.27
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Fig. 17 Plot of strength of different structural surfaces
in relation to rockburst craters
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Fig. 18 Schematic diagrams of the three types of rockbursts
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