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Activity laws of microseisms and rockbursts in deep tunnels by TBM tunneling
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Abstract: For the deep tunnel of Jinping I Hydropower Station excavated by TBM, based on the seismic monitoring data and
rockbursts, the temporal and spatial distribution characteristics of microseismic events and rockbursts and evolution laws of
microseismicity information during the preparation process of rockbursts are studied. The conclusions are drawn as follows: (1)
The active period of microseisms and the peak period of rockbursts are the working time and within one hour after stopping
working for TBM. The microseismic activity mainly ranges from 3 times the tunnel diameter behind working face to 0.4 times
ahead, and its peak value is located at 0.8 times the tunnel diameter behind working face. The rockbursts mainly occur within
the region 2 times the tunnel diameter behind working face, especially the high-risk zone of rockbursts lies in the region as large
as 1 times the tunnel diameter behind working face. Therefore, there is certain space-time relativity between the microseisms
and the rockbursts. (2) A sudden increase of microseismic released energy or the steep rise of cumulated apparent volume
(CAV) with a sharp drop of Schmidt number in the time sequence is an microseismic anomaly, which is a premonition of
rockbursts. (3) The spatial distribution pattern of mircroseismic events shows a transformation from random to clump
distribution in certain zone with time, and the degree of their clump dispersion pattern gradually increases, simultaneously
accompanied by a growing number of microseismic events with large magnitude and high energy, that is, it is an microseismic
anomaly and also a premonition of rockbursts.
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by TBM tunneling within 24 hours
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Fig. 2 Time distribution of microseismic events and rockbursts
during TBM tunneling

1.2 =ZESHMAE

MRS 38, M % o R R
SRS TIMR. NP s REA N, ET
HHETRRWE, 720 Mraf R e B iR #h w1 o
A, SRAAE D (124 m) FoR3HES %7
PR, JRLABEF YR AL, BB T [ 9 A AR IE
Ml FET SRS SR IR 3 Fros, "I,
FEREIAh I b, S IHJETT 16D £H177 9D Ju N1
AWFEFMRE, 50k 89.04%F1 10.96%, FHorii
U577 8D ZHIJ7 3D i Bl W MR S T E oA
X, & 97.72%, 1 JCPLE T HHE X R Z (I
K3 (a) ) . HWZEIRHAE, ETH)ET 8D £RiJs
3D Yl VAN A D VR, 2.28%, XEEHAEON
BHG Hr AR RS R G NNRZE JCE AN 5
WHEZLR, A THEE.

N BE— AR R AR B T T 1 A A, R
K3 (a) AT RARIEOR, B3 (b, ATELE -

(1) FAEP A AE-3D~0.4D Z [, (5 h
1) 79.45%, FAFIEE AL T-0.8D M. XK HI-3D~
0.4D DXIRIABRA s, R R X, R
JEIZY, TR s A . 4 REDE I X d52 TBM
M TR E . PR SO E RO X . FsE
b, TEREIRSH L, 99.33%E B AETE S 5
2D JEE VA (RI-2D~0 X8, %7577 2D Ji
PAAMSU A 2 — U el vt R A (UL IRT 4D FRIe]
O I)ET7 2D RN ZEREREKX, ZXiRS
OB TG IR X FEAR— 5 @TBM FF42 774 155 8 LA R B
REAHRONE, WAL RE D, X TN m, A
A L A e R XURS (DX, SR AR S IR AT
TBM il i Rt 202 el 4 W TH B M T, 7T AT



7

RERE, S GRS TBM 48 BERMUR 5 5B iE s U BT 7T 1209

T3 R IR B R FE N B sk i 0.8D, A 4 1T HiT 5 v
82 B R TR IR S AT 0 ) B 25 T o 1 X
B, BAORAHTANE — M UOTE %2 4

20 ¢ T
o | CTBMEEFERT — i
,\:‘é 15f
S = HAEHFE
E 10+
i
T 5t
=
s
0 - | 1 . = | 1 |
-16D -12D -8 -4 0 4 8
e S
(a) Bk
- ETH
< TBM3EPE 5[] — | AT
3 g |
XK
et
2
€ ,1 = HEE T
i
i
8 27
Ly
0—|-|_| rm =
-15D -4D -3D 2D -1D 0 1 2 3 4

S E SR
(b) T w1

3 WEEMERRMEE EF SRR

Fig. 3 Distribution of microseismic events along axial direction of

tunnel
. T
iZg_ TBMIEFH ] — |
120} e i =0 :
| -0 BB
g o oo
ROSOT ae AL
40}
20} S

b 6D sp -4 3 2 -1 0 1
HETHER

4 FIRERIRHE LS RAE

Fig. 4 Distribution of rockbursts along axial direction of tunnel

(2) RSBy, 22-0.8D ik KAH, 15 i,
(B 71 R SR T . I — A R 32
S ERIAE T o N7 g B A R A ] 250 A2 AR 2 ) 5
TBM JT2 @ T A8 e S E B 12, X TR ABET
HRIJTZ X, — 51, BlEHmEnf i, Ao
FR e Bk, B RAFHARE), TR E A6
B € W F] A RETE B IF TR N 18R IX s 53— 71
M1 T R BT FZ T A 2 (M L0, TF42 3 R e 5 AN g
SERURE B A TR S AR, HF L, fE—ERRE
AN AL S LA N YRR . XA A X
Fl P AR B R R BB e (AR IR X o BT il
WH N Ah, BEE 5 5T EE S g R, A 2 —
SE IS RV KIS B 93AT, VE 22 JR i XA A 1 2 04k
HITFHZ 0 25 (0 Ly A FZ W5, 345 o i 2

BRSNS, Z-0.8D FUTTEREE .. bl & BE B i —
R, NI E A IR RS & R AT, FlA AR
REAF BT — R, N4 gk i 1) BB IR e 5
SEGBA B E RIS, S5
3D A E RN PR

IR HT T, —0.8D~0 [X [a) B % i 5 S i
EZ T X3, T 52 215 T 72 1) 2 S i 4] 17
Bl A AR RE BRI, 5 350 7 DR AR & K i AR R T
FREERER, VTR mrE RIS, R A R R
HIX . XS5GE RGNS, SR (SR
BRI221 R H B EE) BoR, 92.19% IR iUeA 18
04, 12% 1) HH 45 75 o AR 4 3503 53R B2 4% 350 HH I AE 2 - T
JaJ7 1D UL (RI-1D~0 X[a]) (WL 4),

Kl 5 A nE K Mine-By iRE&FEIF (K 46 m, EAE
3.5 m) HUBT T2 BeRmE g S0, s b 3
B S AT LLE Y, IR AN R B T R P WLAR 42 B =
A RO ARV R BRI 2R ) AR L R A AR — 3, (HAT
HlRE S AAEE AN T-16D~9D Z 1], TWjEHE
N-3D~0.4D Z i), Wiig W, miEEkKTEE. X
FAWHE S I AR B E . YT
FINN, 2T E5E TR &5 2 S E0ZEL %
FRN 2 —, EPURFF 2R, BRI A N 77 %
YU B % R R P 2 75 A7 AR AR 355 SE 1 5 0 AT R 9

ESAl

350 A — I

300 I
& 250
ﬁ 200
B 150

100

50

-3D -2D -1D 0 1D
CE e

5 MM A ZAENBREHSEFEAES
Fig. 5 Distance between microseismic event and tunnel face by

excavation of mechanical drilling method

Kl 6 Jy TBM 4ttt i 12 Hh e S 5 2 HR A2 R
7 B AtEot. HEl 6 (a) WLEH, FEE
S ATEREFEA 0 15D JERE B, o5 76.1%, HAT
CLERIREE 1D AN B, 4 53.12%, "I, R
TEE 1D AN HIELS P E REMER, RS 12
R X, AZIXIRAFAE R R, B K& N
ARRE, e BRRAL T REE R . AFEIRE A AR E
F 32 B v o3 A7 £E B IR TR K b i RS
tr, JRFERSI R ALMIHR MR SRR, 1T W
i L P AR S B IR . X SR MBS IR 51 1 1l
T3 K B, G ARIEE B AR A
JifEr, RAERBRNAZRE, BAmaBRRK, &1L



1210 H O+ T OB % M

PO s TREIR T W G H 2 R b, R
NASRE/N, AFTEA RS AT R MRS, SEBr b, BRI
JeasE B HE R AERERRZ, & 42.07%; iz
W RHE M EF IR, 730 d 28.28%A1 23.45%:;
BETFAIE B i b, AN 6.21%F1 0, T 6 (b) fis.

X L AT o 0 5 SR A R IR el [ R 42 i) P 43 A
fERT AR Y, AR S AR AT X R A W) &
F SR AR X 30T v R AU DXL A R AT R

4D

3Dr

-3pl

Hi 1t

%4p 30 20 1D 0 1D 2D 3D 4p
TKPEE
(a) BURHM

—4D 1

HAH%
8 8

I

S TR S T
SR LA
(b) 21
Bl 6 WREHSEBRERRRE LS HAR

Fig. 6 Distribution of microseismic events and rockbursts along

—_
o o

radial direction of tunnel

WEFLRIL, TBM JTHZ P ERIE BRE A T AR
O BRX AR Z RRERACE R, S5 SCa R
BB EEARESE R, mhSEa R AR
BWca g, mEILERAE R AR (80 P
SERE, AEEHE. @A e RIC R IR
Bk R, EE DR RMEL (R hEEA R OIS T
RR), BT, KKREERIOL FE % - AR 2 /N aE
BHCE RS, AR T, w7 Bos. AT,
TBM JFZ I} flE A REAE AR 2 B IR, X5
TBM JHZIE K A B PR E VIR % . TBM JHZ
i, EEE N, IR SRR LY, ARECKR, iR
KON LI TR BT A, & BRI R BB,
BOUTZ R BE I Fr 2 H LA G 3, JFPEBE
KEFRMg, HpinmReih S5 ag: BE SR
W22, B R 16 8 328 1) [l 5 TR M R X ff
e R R . X i iR, WURAUR RN AR e
R, KBRS, A, HENGREBRIAE,
KA TBM FFF25 K 11 11.28 #5813 it 8 T k25t
Ut Wi 8 pror.

2017 5
151
A
12 o IRBUEIR 4
<
S A AR o
g oor ¢ cHELEE S o
!& <o < b3
W o6r o © S
2 A 0 <
X L X [=3
KO © O X o
KOOSO A A paccod O <
WWQ.% ?(X?)O O O X .W‘ Lo o3 )

0 |
10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11.0 11.1 11.2

B km
(a) #Hi

£
&
e
=
e
-80r MRHM — B (D=124m)
_121%.0 10i1 1(I).2 16.3 10I.4 1(;.5 10I.6 l(l).7 10I.8 10I.9 11I.0 11I.1 11I.2
B/ km
(b) BRI

Bl 7 WREM4SAREERHEN S HAE
Fig. 7 Distribution of microseismic events and rockbursts along

axial directions of tunnel

~— TBM#E# b D=72m

1130 o .
11720 [—e— 11H28HOSOBGR AR H
= 1110 | 125 H 1806~ 18583 AR
E 1031 - L —%— 1177 H 3:003R 58
En 1 —A— 11 A6 H 17:5270 405
Nl Loe 10IOHO AL
10/11 F -

10/1
9280 9285 9290 9295 9300 9305 9310 9315 9320 9325
S /m
(a) BFEs4)

LALSH MRS U281 TRWME
(b) RGWIRHA
B 8 HEkiE SK9+283—9+323 HIBMIATZ 43 o R IIA IR
EZs (2009 )

Fig. 8 Space-time distribution of rockbursts and their
corresponding field failure modes at stake number
9283—9323 in drainage tunnel (in 2009)

HIE 8 (a) AILLEH, 78 11.28 s aid

RErh, CEIRDOERA A 1 R 3 GRALE R, F3Ak
A KRR A, &JET 2009 £ 11 A 28 H 0:



7

RERE, S GRS TBM 48 BERMUR 5 5B iE s U BT 7T 1211

50 7£ 9283~9313 HLFE KM R Ao, JBYTIR SIRE
KL 8m, 4 1.11 {547, BlIZBaA & 8 (b)
v

2 WESEBNZTSHEHERNRE S

H IR HT R R, R S AR R E A T
Btim, HZ KAAE TBM 2SR EHL 1 h LA, 2
JE MR D, X RIATRE 55 REA B 7T
AL IHRAE o 3X — 20 A RRAE S BRI 42 J5 R 51
YIS APTREAL BERIFFF 22— AN R 2 AR
IS AR, BT AT A AR 2 A R 2R M
JEARZS, FFH2 5 R 2 AR A3 A ba st bR 2 1 & A2 R B )
T, BEE B T IASKIERE, 2 X T
THI AR SR R IE , LR g 1R R i 55 2 3 VT ik 1 e T2
Bl b it tR A i — 2D R R B i AR 8 TR WE LRI
W 1] B o 87 3 A 0 o R AR A I R O 3 IR
HE 2 AR P, N E S A R 2 L ER
IS 23 23 A REAE (RAR AR SR R 6 T, B o5 3 T AN e gk
P FF42 30 7 RIS 51 62 1) BBl I 7 1 8 X 3 S B T
T2 T U [ BT RS 5. R 1 A3 51K B%IR TBM
FFFZ B 10186.1~10098 m FLAE (TR 244 4 W L
W, 0T TBM FFF2 N BRI FEl 2 B 77 8 X ko 1
TR 1A R b ) BT A S GRS AE, 3k — 20 IR R
5 R B 7 T B T R A

BT I3 Hr, 5% TBM it H i2E R 3ERE_E,
DL 1.5~2 fHREVEN— A b 5on, 2k 4 Ao,
WK 9 Fron. ATLAEH, A BTG IR S AR
HY AR AR ST G 5 3 AL, IR 1.5 /%
RO, RUPZXIA RIS SN, N
RE B I AR, TURE e BRS fEHF2 R —
ANBATCH, BRI )
Sraish, WE 9 hELITR. WL, fEEEsiE
AR R IR TR, X U IS RS R T
FAENAEEOIBCR, Hoo A I 25 TR M2
T T T B i 250N 5| A P R 7 R e 2 B
o THHE S A R ) TSRS AT S

3 RERFPBEUENMRENNTERLNE

MIEMIER, A E RS LR AR N
PR B O EAL IR s TR e tEs AR
TR, 3 AN RE R P DROHORE T T A L PRI 25 35
HAENMBEAE R EMRIECR; ek, HrErn
FOATREB IR S I WA R R . ATk, GBI
ViRichay- = SUPSITIFIWIE SID e ey S S PR s Al
BN IR, ST RORIE SN AR,

INEBRAEIRETN . R ER REE SRR NTE
R, VLN A R T SRR . 73 BIKFER 11165~
10050 m B A2 4 RERZVAE R (WK 7 (@), BT
FiEPRS, FHibh 2010 45 6 H 11 H 0: 27 & 3: 14
RAET 11040~11046 m HFEHT 2 RGRZL A NG, 1%
AR I RO IS B I S AR A

_#&r‘%iﬁ

9 A 6-7HFFE i B3y I
(a) “‘I . {—
HEFE
K10+161.1 ) \gﬁ’}%‘f‘l =01
: . -0.36
-0.25
98 H I TR | 005
th SR 0%
T 0.27
K10+144.8 1 8 ™ JHERR 037
1 K10+186.1 0.47
p 0.58
1
9[9-11H I i TBMi 3 77 [
(e) . H <
ETH ) N OTFERA
K10+122.4, K10+186.1
U
9H12-14H g’
Fri B8, i TBM@:‘&?:‘F:]
(d) - <—
Q7§ SRR
K10+098 K10+186.1

9 MEEHEMEFEIBERLINE (2010 F)
Fig. 9 Migration and evolution of microseismic events moving

with tunnel face (in 2010)
3.1 FIENE{LHE

(D) SHABIR S5 10%E ReBE IS 1] 5 AL AR AR

% TBM FF4Zid5%, FBRXKIRA 246 T 2010 4
6 H8H14: 59, 1T 10 H23: 07, ABEXIIFZ
WEEAT, M P R AR X 11.93 m(£) 0.94D,
6 He6H) B, HBXIFM/ A I/NERILRERE AN E
PIUE A, ELBE A 3 AN B HEdE, SR
FFATURE RE AR 2 2 38 & 35, (R 3 e B2 35N O
K10, 11). IXUEBHRESE 3 ABGT S %X, &
18 X35k 1 B2 10 75 5 PR IF2 0 A 52 00 1T 7 A2 92 ) 4y
i, 1S RMAEMRIE RS IR, MBS, i3t
T FBUE A= AT 2R, {855 R 46 H B 340 1

TEHE 1 5 R R X O fE T, mREE KRS
B ABERX 2w ETHEE 2 (LE 100, &1
BRI L) e A R X2 i 6 H 6 HY 7 H
1 16.67%F1 10%, %384 6 H 8 H. 9 HIY 55.56%
H1 64.86%, FHrilin KFEf LIRS L A8, 5
Ab, ARSI AR TURE BRI 3 X I 42 48 B 1 K
g3 HAF s (B 1), a5l 6 H 6 HE 6
AN/d F16729.19 J/d-6 H 7 HEI 10 4™/d #14507.27 J/d,
SRIE 6 1 8 Hf 27 Nd A1 2.65%10°T/d. 6 H 9 H
(137 AN AT 1.22 X 10° J/do B 1 X SR A W7 742
s, FAPIR SIS ERES, WE 12 F e



1212 H O+ T OB % M

2017 4¢

H 8 H—10 HIJHMF70 10, 11 RAGE e 4 2 HlHr st
R T R R K. EREAER, U
RFEAMETIEAA, (H SR ARARE B8 R A K FE 1 538 H.
TR (L 10, 11,

[
(=]

o
1%
EFE S HBRXIRAERS/ m

A HIfE 11H0:27K&3:14%]
| R (094)  ER2KEZLEE
| o RFELABKAMER ., ]

—_
w

—
(=]

A J
A 4% H #8:00Z ¥k H 8:00
8 H 8:00 h

(=]

10H 8:00 12 H 8:00

H 3

6 H8:00

10 ZEZ I EMER LM B R EHEFE(2010F 6 B)
Fig. 10 Temporal change of magnitude of microseismic events in

development process of rockbursts (in June 2010)

45 H 24 #8:00F K H 8:00

o A 19
gg‘;_ +§§§§;§Eﬁﬂ‘]ﬁ% | _g
- o - BB -
Eso—*—ﬁﬂ%% oo 16 =
C&osp © B 15 @
Bid oo & Hal {4 &
'-H-ﬁ o BIAEE WK
RSl e
Hiof 12
= 5| 41
H" 0 o-o 40
%_5 L L 1 1 1 1 -1
6H8:00 8 H 8:00 10H8:00  12H8:00
i)

M BRZPEIENMEFHMEEMATEELAE
(2010 5F 6 B)
Fig. 11 Time evolution of microseismic events and energies in
development process of rockbursts (in June 2010)

R HrRY], EREFE L, RBMGE RSN
HRAETEIR & T MM RRESh RN, Aak
(IRISENSE

(2) EBAT CAV 5 Schmidt i Ik 7] ) 5
MAFALE

AAF Capparent volume) &F8EH X A HE
PEA AR AR AR TE DR AR AR, B — MO E
Mz BT HETArE, 7EmE 75 2k ErT LR
LI EFE (cumulative apparent volume, &K
CAV) KFR, I FaitH

CAV = £ ) (N
&s
Kb, PRI, e NURHEE KA .

H1 TR v S AE I TA)_L R A% A AR AL B R
AT TBRAREPE R, AR5 B I T30 ) 36 A LR T DA
BORS VR AR ) 2 2 BN R BE A B kA . 72
WA, RURRIB N RS R AR v

PRI Schmide £t CfRiFk Se) B72;

APAVANT)) E
Sc(AV, Af) =2 = Z

- (2
e (zpj

Schmidt 060 7 7 #R TR R 1) 4 DN EEASE
T, X, PME, R—NEEHNWWE, ¥HHKRER
FIRR R BRI 2= 2 2 M . Schmidt
N, WRREARRE, BE2, MEEEBRARE.
DRI, AT DAARHE Schmidt F7E i 1] 7 41 b (1) A8 A0 REAE
AW AR e P

A, PUARFIAT Schmidt 32 Fiiik H = 2
HRRRN 2 NEESH, F R 2R XA R
e, MERATHR (D, () 4. K12 AR
AR S Schmidt £ b i 1] (1 AL R, T UG
6 H6H. 7H, Schmidt #afk I 23K HIREF
BEACE, T BRI, AR X
RIFAEFRBRRN, HERBER, AheTH#
EIRAS. 6 A 8 H Schmidt HHss T [ SRR
/[T o v i S N b= VA B2 1 S e N - A
TP T, WonE A RE T AR RAS . b b,
W RAET REMEE. 6 HOH. 10 H, BEEET
TANKIHERE, B R 52 BB B R Az ik — 20,
S ECA MR IR , RELAARAR B I
M5 2 AR LB Schmidt %k A2 9B, X 2 3%
R — D MR R E RS K E, AT S
ARERE. Tl WA BIAERRE, H
AT R 6 URCE IR, R BRI 2 IR TS 1%
HMEAE R ] Y AR 46 R A 2 IR ZA %

—lgS,
16.5  ----CAV 17
o RBigEE
160 2 ﬁlﬂ%iﬂ@? 6
) : 5 ~
15.5 3
o 14 3
vy =
£ 150 13 =
<
............ 12 ©
1451 45 H Hs:0 : 11
ZEWHS:00 | oo
14.0 | P R S R H 0
6 H 8:00 8 H 8:00 10H8:00  12H8:00

B8]
12 ARZEERERRIEIRS Schmidt FERE]ARIL
HE (20105F 6 A)
Fig. 12 Time evolution of cumulated apparent volume and
Schmidt number in development process of rockbursts
(in June 2010)
AL, FERFE S L, SRR RGE LT
Schmidt #UER T B BLR & T MR = s s 7
S RIS B IX 5 Mendecki 2T 1L TRETS 545



Eg A RE

S5, URHEREIE TBM JRHERUE 5 A s sh AT 7t 1213

ORI A — 2
3.2 FT[EPEULHE

HE 13 (a) Al (b) WJLAEH, HEFimi s
DX I, 27 X3 B LB 3 7 A DA/ R AR B R 2
SIS E IR S o BT A R X AR, R
TG HE P MEE IR, BB SRR
HOE R, 7 R X R I R R EX I
K13 (o). (. (e))o TERRIAZ MW -, F4FE
BN AT AE BRI FE M AL AL M B, eI R m S
BT, TR R REX (WA 14). Fgeis

AR, T i 7]
\ 06 Jun 2010 08:40:55
2-. €
7

06 Jun 2010 10:38:53
TBM¥i ] 06 Jun 2010 12:34:40

i 71 06 Jun 2010 14:32:38

(a) ¢ 06 Jun 2010 16:30:36
. 06 Jun 2010 20:26:31

Q) 616 H8:002 06 Jun 2010 22:24:29

: 07 Jun 2010 00:20:16

o 7H8:005F4% .07Jun201002:18:14

06 Jun 2010 18:28:33
RRCFORMREE, HAMRRBRY, BOFrnRENR, TH.

ARXE W B 8]
\ l [®) 07 Jun 2010 08:27:25
07 Jun 2010 11:02:31
- TBMH k7 5] 07 Jun 2010 13:39:48
= 07 Jun 2010 16:14:54
(b) ( 07 Jun 2010 18:50:01
- 07 Jun 201021:2507
2010 00:00:13
O o o 6/ 7H8:00%E 08 Jom 2010 093515
: 08 Jun 2010 05:10:25
8 H 8:007F42 . un 2010 07:47:42

S W
A 08 Jun 2010 12:49:10
ws Q| O -
\ TBM " | 08 Jun 2010 18:32:08

222

0 un 2010 20:23:33
6E E] § un 2010 22:17:09
09 un 2010 00:10:45

8 800 un 2010 02:06:31

un 2010 03:57:56

ﬁiﬁﬁ%}%h‘k .09 un 2010 05:51:32

(e)

238

i WHE]

09 Jun 2010 16:01:01
09 Jun 2010 17:41:30
09 Jun 2010 19:24:11
09 Jun 2010 21:06:51
09 Jun 2010 22:49:31
¢ | 10 Jun 2010 00:34:23

bm P9 6/19H8:00F10H8:00 ~ 10Jun20100217:03
) P, seEERChEek gitinitio e

un 2010 07:22:53

(d)

ETH ARXIR Ff ]

Wiiszenes
un :14:
TBM3#E 7 10 un 2010 15:19:07
un 2010 17:25:49
10 Jum 2010 1913030
° 10 Jun 2010 21:37:02

un 2010 23:43:46
J10H 8:00% 11 H 8: un 2010 01:48:16

M%m&ﬂ%&%m l s

(e)

=+

1 Jun 2010 15:34:01

11 Jun 2010 16:57:02

- TBMH 7 18] 11 Jun 2010 18:17:51

11 Jun 2010 19:40:52

(f) 11 Jun 2010 21:06:04

%TE AR IR Ff

11 Jun 2010 22:26:54
.
FF, RAEPSEEBEIR .12 un 2010 02:33:45

un 2010 03:56:45

i?ﬁ FIRIX IR |

12 Jun 2010 15:18:20
12 Jun 2010 16:52:16
TBM3# 7 1] 12 Tun 2010 18:30:34

. 52:
/ ; 2
e | 12 lo 006
(g) 12 Jun 2010 21:45:00
12 Jun 2010 23:21:07

einansoos LR
13 H 8:0073% .13 un 2010 04:13:50

E 13 EEZEIEMEESHNTENELME (2010 F)

Fig. 13 Spatial evolution of microseismic events in development

process of rockbursts (in 2010)

for, 2010 £ 6 H 11 H 0: 27, R MLEEEH#E
KA1 REREVE 1, B JE 7R R AL 55 2R K 4R
1 RERFUE IR, W BRI R AER I A ZE A2 2 he 43

Brikdy, B8 R AUE R T RETR AL 4R I A 0
T N ) R RVER — Ui R Mk i BN R SR IR

PTE. PRREREVA R G, a8 m R A R o
AR TG Bea, AR AR RS LUNR
FARAEE N E, Hofiss CLE 13 (g)). XRY
TBM i it i R b R A K RE RO a2 A2 /N g
BFEAEE, Ra@T T, DU, TBM
THYZI Bl R AR REAEAE AL B ORI o
Zi b, {£ TBM gt fed, Sias
AR A A (] _E B B R 2 A AL -
o X T2

WA= A
TR R IR
A, R FAF A S B DN E KR =

HRF: I BRPRE R, TR R
FIX, HRERERFFHENEZ . Bt i, TBM
FEPAIE, B8R A e A DX I P A 45 KRR
E%E%#Xﬁﬁﬁmw%ﬁ?%%&m%%,ﬁm
FEATIRE R

% i R

HUEREX  WEEH
2D
1D}
b 0D}
&
m_1p |
L 1Ho278  wm
-2D BARIE (D=12.4m) ﬁz‘a‘)%uﬁ
—1t
-3D 1 1 1 L |
30 -2p -10 0D 1D 2D 3D
AKFER S
E 14 MREHERRREZRE LS HEFEQ0I0F 6 B 8 H—

13 H)
Fig. 14 Distribution characteristics of microseismic events along

radial direction of deep tunnel (on June 8~13, 2010)

4 %

H5E K F3E"3 51K BEIR TBM 42 B s it 3
LN ) A AR TR, DA TREE =, BT RKE
TRURE WS IS s A g e tel, R R IHBE R TBM 8 i3t
TR GE 55 RN 2 0 A RHIE A R 2 B I RERGE
AR, KB BRI

(D) URTESRIA S 58 AT TBM ARV
BOAFHUE Th DL B0R F B MAEE T ET7 3
ﬁmﬁﬁﬁﬁ04ﬁmﬁzm%Eﬁ,Aﬁﬁu%%
FHETT 0.8 firfaktin; FBEBERAEEE TG
ﬁzhﬂﬁ’tAE FRRAELIN . BAR, WUESE
1B B RAIF IR 2S A O



1214 H O+ T OB % M

2017 4¢

(2) fER TSI L, FHURReREISR, UL RR
MARFR IR _E 17 Schmidt S T RIS 8 i
RGN, R ERETR .

(3) EZH A L, SR EH AR X
FER G HOR S Re E H A A WHE 2 M BLR B URs
s, HURECAE RN, JRAERATIE .

B Bl EREBERDUE 2 ST BE 1K
FEME NI H A BT, Flas SRR s SR
S LA S5 7 T T SR

SE -

(1] gk, 222, 000, 5 ZERL A BRESIE A BERRIE TR
TR ST [I]. 3R 9 3 5 BRI, 1999(2): 55 - 59. (XU
Lin-sheng, WANG Lan-sheng, LI Tian-bin, et al. Study on the
character of rockburst and its forecasting in the Erlang
Mountain tunnel[J]. Journal of Geological Hazards and
Environment Preservation,1999(2): 55 - 59. (in Chinese))

[2] WHITTAKER B N, SINGH R N, SUN G Rock fracture
mechanics: principles, design, and applications[M]. Elsevier,
1992.

31 &JARe, WEEE, W, 5 ARIHZT SRR
FRAFE SR R T[T, B L AR 2R, 2016, 38(5):
867 - 876. (ZHAO Zhou-neng, FENG Xia-ting, XIAO
Ya-xun, et al. Analysis of microseismic features and
rockburst risk of deep tunnel constructed with different
excavation method[J]. Chinese Journal of Geotechnical
Engineering, 2016, 38(5): 867 - 876. (in Chinese))

[4] FIZEF, @i, XIERE. X ZR0s R 11 487 Sk H o
FBEEJLAAR[T]. HEFBEIE, 1998(2): 57 - 60. (SI Jun-ping,
GAO Hong-tao, LIU Zheng-xiong. Review on the
construction of long single-track tunnel with tyre
transportation[J]. Tunnelling and Underground Works,
1998(2): 57 - 60. (in Chinese))

[5] BN, T, RIGREIEA AL S TALR[]. A
F%i&, 1999, 16(1): 36 - 41. (LI Chun-jie, LI Hong-qi.
Rockburst characteristics and treatment methods in Qinling
tunnel[J]. Tunnelling and Underground Works, 1999, 16(1):
36 - 41. (in Chinese))

[6] &= F. ZRU& TZBEIE TBM it LAIAGM B A2 AAIR ).
A FEIE, 1998(4): 15 - 17. (LI Chun. Experience and
cognition on TBM construction of Qinling tunnel line I [J].
Tunnelling and Underground Works, 1998(4): 15 - 17. (in
Chinese))

[7] RUDAJEV V, SILENY J. Seismic events with non-shear
component: I rock bursts with implosive source
component[J]. Pure and Applied Geophysics, 1985, 123(1):
17 - 25.

(8] KM, FKEM. HHEAEFAMIIZADNIT]. BB,
1998, 20(4): 82 - 85. (ZHANG Zhi-qiang, GUAN Bao-shu.
Basic analysis of rock bursting occurrence condition[J].
Journal of the China Railway Society, 1999, 20(4): 82 - 85.
(in Chinese))

(91 EZME, ZRI6E. BB IE N T b g R s R R BT a7 0],
bR @A, 2010, 7(2): 27 - 29. (WANG Yan-hui, DONG
Zhao-xing. Study on rock burst mechanism and prevention in
tunnel[J]. Hebei Jiaotong Science and Technology, 2010, 7(2):
27 - 29. (in Chinese))

(10] XIFEEE, W UK. B S Wi de SEALIE gt T BRI
ELAR[T]. Wi PR FIR, 2000(4): 1-5. (LIU Li-ping, XIE
Bing. Comparison on the “Drill Blast" method and the TBM
method[J]. Shanxi Hydro Technics, 2000(4): 1 - 5. (in
Chinese))

[11] & o, SkEE, IR, B0 BF 1T BoK B b PRI 5| K B
FHRRIE KB VR TEE[T]. Mo R 2SR5 TSR, 2011, 7(6):
1251 - 1257. (HOU lJing, ZHANG Chun-sheng, SHAN
Zhi-gang. Rockburst characteristics and the control measures
in the deep diversion tunnel of Jinping II hydropower
station[J]. Chinese Journal of Underground Space and
Engineering, 2011, 7(6): 1251 - 1257. (in Chinese))

(121 T 5 $5F —ZUKui 5 /KEEE TBM (BRIESENLD
Tt L B 25 G TN AR 78 [D]. dbat: dERt LR, 2012,
(DING Yu. Study on rockbursts prediction of TBM
construction at headrace tunnels of Jinping II Hydropower
Station[D]. Beijing: Beijing University of Technology, 2012.
(in Chinese))

[13] RUEHE, £ 88 505 ZoK i bR R IR R A 2 Bl
TR R PR AR (D). e it S TR AR, 2010,
29(11): 2161 - 2171. (WU Shi-yong, WANG Ge. Challenge
Issues in construction and project of large-scale deep-buried
tunnel group of Jinping II hydropower station[J]. Chinese
Journal of Rock Mechanics and Engineering, 2010, 29(11):
2161 - 2171. (in Chinese))

(14] WEEE, BRfiEG, BI4E%E, 55 SRR G RATES
B BIEFRUARRQ]. A 585 TR, 2012, 31(3):
433 - 444. (FENG Xia-ting, CHEN Bing-rui, MING Hua-jun,
et al. Evolution law and mechanism of rockbursts at deep

tunnels: immediate rockburst[J]. Chinese Journal of Rock



7

BAJERE, S5 RIEEEEIE TBM HiRE = 5 o B m sl A 7t 1215

Mechanics and Engineering, 2012, 31(3): 433 - 444. (in
Chinese))

(15] BRims, SEEE, W%, 55 FERBRGBRAFTNRS
WL WA ERT]. B A 128 S TR %R, 2012, 31(3):
561 - 569. (CHEN Bing-rui, FENG Xia-ting, MING Hua-jun,
et al. Evolution law and mechanism of rockbursts at deep
tunnels: time delayed rockburst[J]. Chinese Journal of Rock
Mechanics and Engineering, 2012, 31(3): 561 - 569. (in
Chinese))

[16] BRIFHG, DERE, M, 25 HHERESH TBM 83 RS se
RIS RFE S HT[T]. A 5 S TR AR, 2011, 30(2):
275 - 283. (CHEN Bing-rui, FENG Xia-ting, ZENG
Xiong-hui, et al. Real-time microseismic monitoring and its
characteristic analysis during TBM tunneling in deep-buried
tunnel[J]. of Rock Mechanics and
Engineering, 2011, 30(2): 275 - 283. (in Chinese))

(17] BAREZE, WRiWEn, 158 RE 5. JE TR0 7K B BRI BRI A g
WL HT[)]. 515, 2013, 34(1): 163 - 181. (MING
Hua-jun, FENG Xia-ting, CHEN Bing-rui, et al. Rockburst

Chinese Journal

mechanism analysis for deep-buried tunnel based on moment
tensor[J]. Rock and Soil Mechanics, 2013, 34(1): 163 - 181.
(in Chinese))

(18] T #, FEFE%, FES, 5 ETRHERENNWRE %
K IR RE I e 2 B AR T (0] TR AR, 2014,
36(12): 2315 - 2322. (YU Qun, TANG Chun-an, LI
Lian-chong, et al. Nucleation process of rockbursts based on
microseismic monitoring of deep-buried tunnels for Jinping
I Hydropower Station[J]. Chinese Journal of Geotechnical
Engineering, 2014, 36(12): 2315 - 2322. (in Chinese))

(19] SRR, BRiH, 56K, 55 A2 E e myLs] ., e
5z R#EM] dbat: Bl RE:, 2013. (FENG Xia-ting,
CHEN Bing-rui, ZHANG Chuan-qing, et al. Mechanism,
warning and dynamic control of rockburst development
processes[M]. Beijing: Science Press, 2013. (in Chinese))

[20] % 5%, @M. HRBE UK 51 KEE RS B TBM
TR AR]. KT, 2012, 12(8F) 1): 13 - 17.

(YUAN Liang, PENG Bang-xing. TBM excavation

technology of rockburst zone of deep-buried tunnels for
Jinping Il Hydropower Station[J]. Design of Hydroelectric
Power Station, 2012, 12(S1): 13 - 17. (in Chinese))

[21] SKHEOKR. KREAZ TBM @i R 5 BRI B o R iR
J7 I BER 23R, 2011, 36(2): 431 - 435. (ZHANG
Zhao-tai. TBM construction method in the large overburden
and intensive rockburst zone[J]. Journal of China Coal
Society, 2011, 36(2): 431 - 435. (in Chinese))

[22] GB50287—2006 7K 77/ Hi T.F2Hh i # & BV [S]. 2006.
(GB50287 — 2006 Code for hydropower engineering
geological investigation[S]. 2006. (in Chinese))

[23] BLAKE W, HEDLEY D G F. Rockbursts: case studies from
North American hardrock mines[M]. Littleton, Colorado:
Society for Mining, Metallurgy and Exploration Inc, 2003: 19
- 28.

[24] &R AE, HEE, F65, 5. FERREGEREIX 5E
A SR S [). A 712, 2013, 34(2): 491 - 497.
(ZHAO Zhou-neng, FENG Xia-ting, FENG Gang-liang, et al.
Study on relativity between rockburst and microseismic
activity zone in deep-buried tunnel[J]. Rock and Soil
Mechanics, 2013, 34(2): 491 - 497. (in Chinese))

[25] MENDECKI A J. Keynote address: Real time quantitative
seismology in mines[C]// Rockbursts and Seismicity in Mines,
Rotterdam, 1993: 287 - 295.

[26] KOSTROV B V. Seismic moment and energy of earthquakes
and seismic flow of rock[J]. Phys Solid Earth, 1974(13):13 -
21.

[27] MENDECKI A J. Seismic monitoring in mines [M]. Lodon:
Chapman & Hall, 1997.

[28] MCCOMB W D. The physics of fluid turbulence[J].
Chemical Physics, 1990.

[29] MENDECKI A J. Data-driven understanding of seismic rock
mass response to mining[C]// Proceedings of the 5th
International Symposium on Rockbursts and Seismicity in
Mines. Johannesburg: The South Africa Institute of Mining
and Metallurgy, 2001: 1 - 9.



