IR A I %5 KK Vol. 51 No. 1
2019 4F 1 A1 ADVANCED ENGINEERING SCIENCES Jan. 2019

KA E AR T DOI:10.15961/j jsuese.201700812
ATEXBEEBEZEIRETRREREBIUD M SRS IES
T ¥ 2358, KW, &R, BAH

AEARASI R o b TR B i 4 4 5 P TS SE A, VTP RS 330013)

—~

T OEA I B T A R R A T4 4, I BRI BN R A T R PRI AR | FE TR ER A AR B T e R
EWEF L EESRE TR — RPN HOR R S S MR R R ARSI S M B 2 B R
I B R VEAR R4 A SR AE S B AT AT, A7 B T OAUUE R Bt AU, 1507 A 25 4 55 3l b Rk 2 I 5 5 B
TR OIS IR R B T SRR WA 25 A A 5T T B, & T AR5 Tk r il R 3 5 | K B 31t T 5k 2 v
AR AN [ 2R Y (I ER i 7 28— 55 ) T T 6 R 2 R D B 7 A T i ) L AN [ 452 0 BRIV IR 2 B ) SRR 2 451, ) 2
AT TR W Bh A R R T R IR AR A3 A 1 B AR AE B A T AT AT 5T o 25 22 I« TR A AR g I T 47 RV
PR 2 E i AR P I RR IR AR S A0 R B0 R AR, A AR R B K TF0.97; X TR RIS 8 Y R e
IR, HEE B RN GBI M S SR T S AW N, 508 & A i ik 2 B RAE AU4RAE 5 1 2E -S54
A 8 TR o A v 45 TR 0 72 TR TR M AR 8 2 A E 0.1~ 0. 83U il PN, o7 288 TR ot o AR vh 4 R 0 52 TR TR0 B
BB A TE0.A~ 1.3 P, A MR A A 2 K B T B0 R F 1.0 W 58 SR v b By g 250 48 K 8 3h 28 Tl
R FR A 7 HoAA AR S, IRV AT Ay o [ S S A B ) 425 0 2 0 28 AR TR b B A LA A Al A S 4
FRIAMGE ; AARL; I8 AR 25 AR T T RS T e kT AR

FESHKETU4S THAFRARRG:A N EHS:2096-3246(2019)01-0121-08

Analysis for Self-similarity and Fractal Characteristic of Micro-seismic Volume
During the Evolution of Different Types of Rock-burst
YU Yang, YAN Zhiyu, XU Changjie, LIU Jinquan, GENG Daxin

(Key Lab. of Geotechnical Eng. Infrastructure and Safety Control, East China Jiaotong Univ., Nanchang 330013, China)
Abstract: Rock-burst is a serious threat to the construction safety of deep tunnels, which causes huge economic loss and staff casualties. The evol-
ution process of rock-bursts is accompanied by a series of micro-seismic events. Analyzing and processing these characteristic parameters about
the microfracturing such as size, time, space, energy, volume, etc, which is helpful to understand the fracture mechanism of rock mass, and
provides a theoretical basis for the study of rock-burst disaster. In this research, theoretical analysis combined with micro-seismic monitoring were
used. Based on the hundreds of immediate rock-bursts (including immediate strain structure slip rock-bursts and immediate strain rock-bursts),
with different types and intensities, occurred in four deep headrace tunnels at Jinping- Il hydropower station in Sichuan province, China. The self-
similarity characteristic and fractal behavior of micro-seismic volume distributions during the dynamic evolution process of such rock-bursts were
studied. The achieved results are as follows: The volume distribution of micro-seismic events during the development of immediate rock-bursts
shows great self-similarity, the value of correlation coefficient are all greater than 0.97. For different types of immediate rock-bursts, the daily
volume fractal dimension increases during the evolution of immediate rock-bursts, and they totally increase up to a certain threshold value before
the rock-burst occur. The volume fractal dimension values on each day were between 0.8 and 0.1 for the evolution of immediate strain structure
slip rock-bursts, but those of immediate strain rock-bursts were between 0.4 and 1.3, and both of them are greater than 1.0 when the rock bursts.
The micro-seismic energy fractal dimension can be used as a significant guideline to build up a warning system and reduce the risk of rock-bursts
during construction under high in-situ stress condition.
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Fig. 7 Volume fractal fitting curves for strain—structure slip rock-bursts
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Tab.2 Strain—structure slip rock-bursts occurring in the deep tunnels
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lgv, B[w(]
0.41 [
‘1’;2 O@m 5 BB 1]

'{b‘ q’. 3'5KEE
)

10 201154820 EBHEEH

Fig. 10 Micro-seismic events in the area on 20 April, 2011
HE 1R HL, 1g vElg e(v)Z B[R AR A KA
LPERR, HAMEREREY KT 0.98, [, XF
1~ 475 | K T B 1o 7 v AR T 5 0 2 700 o A
(R4) 228 M ah 28 kA S B b W IROR g5 1R 217 2= R
RS BOPIEAT IBETE, L2, T 120] T, RS
RUA BT MO A B B o SR R A AR



126 TR SHOR %551 %
[FIRE e B0 A0 0 A R AE , HEA B I [ AL 1 02011-04-16, y=0.492x—0.992, R=0.991
. 42011-04-17,=0.573x-1.197, R=0.992
(1g v-1g c()Z B B B RILRPHER R ) o AR AL A 0.4 . °2011-04-18,,=0.595x—1.134, R=0.987
e et s o . [ x2011-04-19,y=0.831x— 1657,R:0984
288 Bk A ok B b R ORI R TR AR G T8 4 B Ay o | 2201170420, y=1. 11 1x=2.179, R=0.982
fESLIE 13, = 04
5 ~ —Var
#3 HNTBRERRRARSIESH i1 3
Tab.3 Strain rock-burst parameters - 08 ¢
H 1 BUDRIR JERURCIME BOCRIE JERURON -12 y
. F/m lgv A m gV
-1.6 : : : : : ;
2011-04-16 2.42 0.8 85.1 1.93 05 08 1.1 14 17 20 23
2011-04-17 2.53 0.8 91.2 1.96 lgv
2011-04-18  3.02 0.8 833 1.92 11 20054720 A R EREBRBERIHERUE
Hhk
2011-04-19 487 08 93.2 197 Fig. 11 Volume fractal fitting curves of micro-seismic
2011-04-20 6.04 0.8 10.8 2.03 events of the strain rock-burst on April 20, 2011
x4 NTRER
Tab.4 Strain rock-bursts occurring in the deep tunnels
HEEE SUKRR%GS  AEEHY FIRR
P 0110196 K8+753~K8+7611 & B fllil b i AL ni ZUE B, 5 BB ST I BRI, MRy KIRFEL.3 m,
4 0126 i £96.0 m, 58.0 m
SRELE R # 01101 11 EFHTATFFEEIKE+706~K8+7090r F I BLALOIANEA 6 B, SLUCHEALRORIREL 4 m,
e FIRELIN8~10 m, ELARZ110 m, 3 B & IR RN 52 32 45
2* 2011-01-16  HiBREFFAZL AR, KO+178~KO+18 1AL M RG 5m Z A 4%, IR, %510 m, 58.5~9.0 m
4 2011-11-06 BT A PG A2 B, 51K 8+393 ~K8-+400 R M i1l A= 45 1, L/ BRI DT £°96.4 m, Fc K
R - IREE0.8 m, A B R R IE R & BRSNS A5 T
~F A ) - .
" 2011-02-19 LM REK11+023~K11+030_F & IS EE T2, #o8 A sRZEE 1R, i v R BT , 55 R
3 ~02-19 p20.86 m, 57.00 m, 78.50~9.00 m
©2011-01-22, y=0.493x—0.986, R=0.981 ©2011-01-07, y=0.459x—0.914, R=0.973 ©2011-01-12, y=0.499x—0.984, R=0.997
02011-01-23, y=0.632x— 02011-01-08, y=0.569x—1.092, R=0.976 02011-01-13, y=0.469x—0.917, R=0.988
0.5 A2011—01—24,)F0A728rl 399 R=0.978 05 22011-01-09, y=0.664x—1.285, R=0.986 0.5 22011-01- 14 =0.642x—1.254, R=0.992
. x2011-01-25, y=0.884x—1.706, R=0.982 : x2011-01-10, y=0.924x—1.811, R=0.982 . x2011-01-15, y=0.855x—1.658, R=0.979
0 x2011-01- 26, y=1.216x-2.401, R=0.992 x2011-01-11, y=1.176x-2.337, R=0.988 0 x2011-01- 16 »=1.107x-2.219, R=0.982
= 05 2 2 05
Q < Q
() 0 2010 .
-1.5 -1.5
-2.0 -2.0
05 08 1.1 14 17 20 23 05 08 1.1 14 17 20 23 05 08 1.1 14 17 20 23
lgv Igv Igv
(a) 2011-01-26 3RZ1 12 (b) 2011-01-11 3RZI A% (c) 2011-01-16 FRFN A 15
©2011-11-02, y=0.438x—0.856, R=0.985 ©2011-02-15, y=0.457x—0.912, R=0.986
02011-11-03, y=0.534x—1.509, R=0.996 02011-02-16, y=0.422x-0.847, R=0.992
0.5 22011-11-04, ﬁ0.562x71 109, R=0.998 0.5 22011-02-17, y=0.508x—1.101, R=0.983
x2011-11-05, y=0.778x— 1508 R=0.986 x2011-02-18, y=0.801x—1.552, R=0.993
0 x2011-11- 06 y=1.073x-2. 126 RZO 989 0 x2011-02- 19 1=1.054x— 2098 R=0.994
z 705 : 2 05
< 51 x
2010 g 2 -1.0
-1.5 -1.5
2.0 2.0 T —
05 08 1.1 1.4 17 20 23 05 08 1.1 1.4 17 20 23
lgv lgv
(d) 2011-11-06 H&& 445 (€) 2011-02-19 Hh& g
E12 RTHAERRARSMERIMNGHZ
Fig. 12 Volume fractal fitting curves for strain rock-bursts
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