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Fractal characteristics of micro-seismic volume for different
types of immediate rock-bursts in deep tunnels
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Abstract: A fractal method is put forward to study the self-similarity of the volume distribution of micro-seismic events during
the development of different types of immediate rock-bursts. The proposed method is used to study the fractal behaviours of the
volume distribution of micro-seismic events during the development of immediate rock-bursts that occur in four deep headrace
tunnels and one drainage tunnel at the Jinping II Hydropower Station. The results indicate that the volume distribution of
micro-seismic events during the evolution of immediate rock-bursts displays fractal properties. The fractal dimension of volume
can be used as the basis for estimating rock-burst type, that is, the fractal dimensions of immediate strain rock-bursts are >0.7
and <1, but those of immediate strain-structure slip rock-bursts are >0.2 and <0.6. For the immediate strain rock-bursts and the
immediate strain-structure slip rock-bursts, if the intensity is lower, the fractal dimensions of volume will be smaller. For the
immediate strain-structure slip rock-bursts, the more the number of structure planes, the smaller the fractal dimensions of
volume. These conclusions can be used as the guideline to develop a warning system and to reduce the risk of rock-bursts
during construction of deep, hard-rock tunnels.

Key words: immediate rock-burst; hydropower station; micro-seismic event; micro-seismic volume; fractal dimension

41 H (20161BAB216141, 2016BAB206159); VL.FG4 # & /7RI

FEHE . W EHER: 2016 - 09 - 14

H(150518); 7 /1% 5 TR [E R 5080 = Pk 450 H (Z2015004)



2174 H O+ T OB % M

2017 4¢

HE A R AR RS IR T A B R AR IR AR X
— BT IRARAE o R B RS TR TBM 1425 2
NIRRT T SRR, fE AR
RAZT, TR B = A R AR AR AE I ) |
BA—ARYEERE, iR g BRI
FEPI3G I DA 2 e 2 F8 0 PR AIG

9 M Mandelbrot >R 45 i 52 2% i) AR 3R 1 T
T IINES LIk, 2T JUTIRGE ) K e h— &
BN 573, 3 20 SR TR B K e N — A AR
R T HEH T B SR DL TR AR Fp A I (1)
MGHATHEIR, I HBE 2 R B L%,
TE3E T RS B A BT IRRHIERT 7807 T U8 1 2 4
U H 52 i Kagan 20 S6iEse T B2 H
T AR A O SRR A ) 25 4 S i )7 1 o B 4y
TEHRFIER), FF B 2305y TR 4R E — B 0 T 2 R IR TR
FE) 2.2 1%, SREAEE— S R0 78 rh 4 an SRR b
EIER—KAEEMS, BARBREWILERS ¢
HAEIEWHIKZR. 4, Gutenberg—Richter it [ #£
it th A INRLE R BR BTG I I b fR, M. R
B ORGSR BRI RST# 2 B B AHA
P4,

MR RS R VR 42 0o R 2 R I R A NS A7
BT DK R 43 A BB 7R S R ) i R 2 41,
I RA AR, R AE TR T4 0 far 2050 5 M i e Py A A 1)
R, I B AR S T MR R S e, B
FRAFEFIZEIVNS B LUR N B RS, fa K
AR AERRIR 3 T2 R R B Ta 2 oh, — A
B[] |90 5 % X A2 I T8 6~30 d, =88] L 7ERE %1
80 miFIE Bl N, Fok A 1B X2 R/ A 4 4
TN A E RIS H . R 7 R 0 R A ML) SXn]
AN 53 g A T S R A - R T v R T 4
RTIR, BB BUA R T LAy g RIS 1 AR R A R A R
N AR 2 A T T A% B 4%

ASCULER BE K H i R R I ) F 2 sk AR N T
B 5. IANDEHESHTE T, 85 LR FRhA
[ R RI I P R 22 R AR R RS B BT
FRVEARRR 73 TERFAERIE AT, I HO6 43 TR 4E 2 3 A B
AT A7 . FLgh SR ] DO R T BRI 42 0
Tt rh 2 B XS F 4 BRI B ) R 2 A 3

1 TFEBRA K 13 7= SEA RE
1.1 TIEfA

BB K FL R IR IR TR, AT PO ) EL
SR I PN A5 Y R A 22 VAR B K] 2 A A 22T TR
by BORKMRN 2525 m, H AT 1600 m (13

B BB A B 70% LA b, R EEH 7 A EAPATIY
BRI, A A @A IR A "B, i THEK AP
BLE 1 ~"4 5K EERN,

AR 5 1 A A I T A S R P IR ) e i R
SR E R R RET ), B oK
UhE R BRI R EVE LR 1. BRI TR 5
TR B R RR R A B T R T AR KRB SR, A
BRER VIR hEENT, REITZBOR AR )
SRR, BT RCA BN TR AR I e R A T DL
W, A SC A B Xf Hh A5 R s ZUE R FE T AT 7T«

R 1 BE_RKBILERREFARE
Table 1 Intensities classiticationof immediate rock-bursts in deep

tunnels of Jinping Il Hydropower Station
s 278/ 752 L. R

e [l R MA R AT AT 2142
I% FE, FEARTE E, F5 NT05m
st i i) 2
HlaaimmE KHEUEE 0.5~1.0m
e IR, Rvx, BOEEm, 0, B BE %
% ARMNAER FEEE - MR AU
POSTIRG  IRRLERT ] £
B REHAAE REIEHGRE KT1.0
pp BOTARL BUBHL BEN, 75 m, SRR
g EFWETEA ERIE
1.2 fESCRTiEm
K AR 1SS UE A R 45, Wbk T2 05 2
Nt T HEKIRTP B 1~"4 51 AR it T Rk AT 1% 4
PESEHF R W (R RIBRRE 1~2 Ik, B IRIEBEER
2.5~3m), WUEWIX A 1 Fis. iZ Wi &gk &
BRI 100~6000 Hz, SFH 8 MERSL ) EAG R,
KKHIBGHN T WS e ks GA3 98% LA F) 1,
H ARG Jo A5 5 hh o T W SCHR[4]

IR it 5

e

SOMARE L
i

T B R I
T4

K7+344
K6+618 [ @

A #1517k R
" I //>)‘) #2517k iR

o7 7

X #35] K3
"
@K{W A)\@— #45] kiR

@D *3K5+240 @ *4K5+097 3 *P K4+810 @ *1 K9+138
®*2K9+201 ® *3 K9+003 @ #4K9+052 @ *P K8+575

1 R QKB REF AR THHMBENX (A, B
A3 B ENIRE)
Fig. 1 Ranges of micro-seismic monitoring on DBM excavation of
diversion tunnels in Jinping II Hydropower Station
1.3 WMEEAREFRSY
R TR (ARBD iR s g E T



12 +

VE, SE. URERE PRI B I RS AR R RS AR ) 7 TS AE T 7 2175

RINEESH, 40 H R 55 K A w a1k Ae 1k
P, RIRI R R AR X A AR RO AR, AT L
IS OE AL R R S HERS, & — 1N
Fafd SRS, HRIEA N

upP’

P (1)
X, v, RERIEAR, u A AR E, PN
RRARAR S, E NGRS R R

V,=

2 FIEEREBERE S RUERIEREAT

B R FFIER 5
2.1 NTRERBRAERSFAFE

BB KRS 2011 46 11 7 6 H, "2 51/KIF
P8 1-2-W 7T BT i -5 K8+398—402 fi7. B AL Mz %
RAGRZVA R %A BRI B N S 528, e
MRS, BEETEN T2b A6 E R SRR .
ERYTERRIREN 1.1 m, IR 10 m. 5 6.5~8 m
IETEWTTH, RIAERRAE, HBIRRAETE A
B AR R AR, 2 A e i R b A AT
AW SHAZ BN IR R, & IR ERZLA N R
PENAR TR 20 o B I 1 N AR T S R R A S AR T
MBIRE AL 2 . EFA B OLRTE 30 m
900 P9 OO SR AT AR R T e, 2011 48
11 H 6 H BRI B2 540 B SR AR e R o b 6] P 1 Ak
R RN 1y HIER KR 2.08, H/MEA
0.46, HAREEM M AAERWE 3 FiR.

El2 2011 F 11 A 6 BERRARRA
Fig. 2 The rock-burst on 6 November 2011
e S YIRCIE e N eV SR Y
FR IR 7 AT AR SRR 7 T BAR IR

c(v) = 2N(v)

N(N-1)
KbV NPT R A R R AR ARV [ X TR Y )
BRAE: v o v ARRIE A — A 0= S i R IR A AR
{8; N0 v FRIEARARTE B N AR A A e S H
N VARTRYE N R A S TR v AR

(V g V) o (2)

Y A SR TR e(v), SRR AR 7 b Bl
FAHER I AR LR BA RS, A m] DL
PR R DS AR A3 A A SRR 4y e A ¥
c(w)yocv? | (3)
B
11,:1nn1§f£22 . 4

lg(Volume)

0.46
B
0.82
1.00
1.18
1.36
1.54
1.72

. 1.90
2.08

E 3 2011 £ 11 A 6 HEBRESHEMNE
Fig. 3 Micro-seismic events in area in 2011
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