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ACOUSTIC EMISSION TEST ON DAMAGE EVOLUTION OF
SURROUNDING ROCK IN DEEP-BURIED TUNNEL DURING TBM
EXCAVATION
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Abstract: Diversion tunnels of Jinping Il hydropower station, which is located at high stress zone, Southwest
China, encounter many geological disasters, such as rockburst, water bursting, collapse of tunnel and so on during
construction. It is very important to master damage evolution of surrounding rock and to design effective
supporting measures to prevent or relieve geological disaster. Therefore, acoustic emission(AE) test was carried
out and law of damage evolution of marble was studied. Different damage of surrounding rock comes up in 10 m
range before free face during TBM working; and main damage or cracking is developed in 7 m range; 3 m location
is the most severe after free face. Damage range of surrounding rock is about 9 m in direction of tunnel axis.
Relaxation, damage and disturbed zone are distinguished by evolution law of AE events, energy release and
mechanism of damage evolution. Relaxation and damage range of surrounding rock are 3, 3 -9, and 9 - 22 m far
from tunnel wall, respectively. Mechanism of damage evolution is illuminated by AE and mechanical characteristics
before and after peak strength of rock mass. The influences of sensor types and arrangement, environmental noise
and geological conditions on testing result are discussed; and the directions to improve testing result are also

Wk A #: 2010 - 03 -21; f&EHH#: 2010 -06 - 17

BEWH. EREASRITTORERI973)55 H (2010CB732006);  [EIZK [ARRIEILE PN H (50909092); “—H.” EFAHL i1 XI55 (2008BAB29B01)
1EEREIY: FRMin(1976 -), 5, 1, 2001 EEENLF ARG KSR CREEE, TRV R, FEMNFA A5 KA A LR E MR Re i
JFIRPIEST T.4F . E-mail: brchen@whrsm.ac.cn; cbrzm@163.com



$29% FeM

Wdoisiie, 4. DRIHBEIR TBM it Todd e e 150595 1 7 R St

* 1563 «

pointed out.

Key words: tunnelling engineering; in-situ test; acoustic emission(AE); deep-buried tunnel; damage evolution

1 35l

jillfs

TBM jits T4 A ot TR RoR s b%
T I N RS /N LAY 2 A 550 A
H i CAE S ek 2 1 R RINH . B TBM
TEREIRSERE A, ENAMRZ 2% TBM
(AR 5 ML o) A EL S B R Y A Hh s 2] (7 ) 0 A s
Jit. JuEEs RIS BEIEAT TR AT RIS,
M. Sapignia ZMR 1447 I35 s, AL T
RMR 245 TBM 7ER&E ik il f Hp R R OC R,
DR R b B RS2 M Q. M. Gong 45 3
B EEOCTE, BT TBM EdR 3R SR 5
RIETEAS ML TE AR PR R, IRARE T 246
TERFIR B 3 /M EE; R. Gertscha 251@ i — £
SIS T TBM FRIENLAEAE it A T,
B3 R R B e R R R P T
TBM JJE & EIA A 12250k 8l 8l
T UOVRIF 5% T I 30 AT 2 N 00 A AT P ) )
B, Al SR AN ITE, BIST TBM JT
FER LA A RAAE, AR ST TBM JHZ
RE RS FNIRYEI 73530 29 49 Bl 123 11 65%F1 70%. {H H
HI ST 2 Ja) BT 8 2 B A E(E AR, v e
TBM FFZX) FEl A 0 (P I s v A e, e = 1R B
R SR DI I

FEORSHEFRM RSN ERTT, AR E)
My i R, BN AR BE R AR O = AR g
RIS . BRI T2 5 R A N 1 g, S35k
BRL L IHRGY R, BETHIRNEGEE
DL RS (P G TR, 7 A KR I P RS I
ANFRSE S ANFEJER R, SRR i
S T DR G R AE AN R Y, s A A T
WL AL B S R AHE B, T LRGSR i
BEAHEE . BN S R R S . T
PUEARRE, 28 REpR A0 125 5 Fit i Bk A% R S A
PR D1 2RI AT TR KRG, WS T FE
TR T B0 A R SR, 2 F g A7
7RI L A R SR R, AR AR T BRI TS S
1) “AnitIng”, FFm R oK S o T AN
REHE S M, C. D. Martin 2504 Blgi47 7

PRI RS IR, RGeS T = T2 05 FELA
B0 SR, FFARE R P A R e Tk
FIRBIREIR (F TR P50 R PR BRI EY T L e R
SO M BV B 0 005 A A 0 T B P i
A7 BVRR AR FA AE H X LSRRI A T2 0 B T
BRILHE L, X TBM i X LA 305 (e, s
Z Wb BRI 7 B IR

ST, TR TBM JFZ IR b B Bifh
RO e A R, DY BRI TBM it T334 it
B S I LR HOR SR 2K o, TR 1IR3
T TBM it ok i o A S ik

2 RGN

2.1 RIEIFZFELA

B DR K s A7 DU )18 ot L R 18 TR M
DA TR AR 22 LA BRI 25 R M 2B L Tae b, R R A
ZVLHRDE 150 km KT IRV 22, HAIE Y
TGIK, HPATAE 7 485, i K
BhIA AL SN B i CHEAIR . 451K BRI (15
ol 4, FRE). 5103, 28R 1, PR EY
16.7 km, Hrpr, 5| 2% 4 kR T, EREH
TFEE, JTHZIAE 13 m; 5] 1771 3% TBM i T, 4
Wit T2, JFEH4E 12.4 m.

4 THESE TBM it Tid A o 3* Rl i fi ik
A, PR SRR B AR T 4R gk Rk g 27
132 )y 2" R ) TR P (TR 2 - 1R
W), W 1 FiR. 2-1 RGN LB, Wik R
S 5 mx5m, R CEEE S| 24 114 3.2 km,
EREHEIFREL 1850 m, AN T, KAGERT
FLARHL S, THABRECARE, TN R
Ky FBK. KIS, Rl nny, w5k
PR A VA G, AR b T T Ak R 4
SRUT g W DK SR AR AE 4 40 T EW
)W B S1, S2, S3 A SA(MLIE 2), FERAEE
WA P BRERRIE, R ZRAN B 20
FA PR SRE ) 80~110 MPa, SR RN
30~50 GPa.

22 EERE RS
7 R SRR S5 [F PAC 22 7] () DiSP 75 &



* 1564

HAT D1 TR

20104F

4193 m
Fay
B

¢ _ 4488m
1630 MR~ &
gk o o0 AR
4 3"’%’1{3_&\ Ik

(@) 2 - 13RI E R R

2° 531K R

b C Oz
2 = 1 i S

PRI 7 (600 3}é == T!i}ﬁ%?lz

| 3'51kBER 7300 3 ERE

G

5

—-oafe!
=)

#E 6000

2" R IR
| (700 % 700)

6 000

451 KBS

1 300
\
|
|
|
|
|
|
|
t‘““
\
|
\
|
|
i

(b) P I D s S (A2 . mm)

P17 RS i DX delr 5
Fig.1 Location of AE monitoring zone

-

3l
K
Fi%

z\ Edudoey
i P

7/

T e

X‘L 1.0
13.0 473 X \\17\4 , 13.0
S+494-9K B AR ]

(vl 2" R ]

51

71(2)13+485.000

B2 7 R I DX BB o A (P m) )
Fig.2 Distribution of joints and cracks near AE monitoring
zone(unit: m)i%

MRARG, ZARGEAG: MR WEBOE . 75
RIFFRER. FHRGFLILRAM, RERG T
TEIRE LA 3,

AR AT B P RS, A T T U e A
HON 40 KHz [1) SRAOM BYSALIKER Rl 1 BEAE

() FRISRE (b) fRIEE IRy REE

e
| R L SR
N LSRN
AE {3
el i

(C) PR ) i B e e

B3 R I R e J s
Fig.3 AE monitoring system and principle

B M MR W AR R AE S, e T MR B )
2/416 - ASTHIEHROKHS » 4 TR IR /K, W b
TTFFE S BFLAEAN R b 4% 0] H 2 JBOR A A A% K
TR, A T RS BRG] v e LK 75 A S
F5 BT, B T T AR SR AL 2 e 5 R,
Wil T W E3(0) ron AL AR R 3 8, Mg AE ks
FIHTE RS — B TR EN
23 HESBHEFRERRE

A IR AT B A W 75 RS 5 B, iy HL
XA [R5 A7 S (R AL BE - RS S MOE AL 45 2R
(R —PE AT AN R R BE PRI 5 o 5 P A4 SR i A B
T3 FEAN B 0% S R L 1 0 21 B 22 A 0 RS
T, T ELREAS E A7 S DR AE R R A 5 5 R SR,
B Ao

ZRE RIS BRI ATAT I, IR KT REMIE A%
BT — A RMERES, Wik T “BRIBAR” (RIS
A E 7% WA T | 3NN T 1 AT 3 -
3R 4 - 4 PIA IR, PYBTIAHE 3.0 m, 3-3
M W R S 2 - 1 R 1 7.0 mOULE] 1)s 2
AT AL A B T S R, A W W T A 4
ALEES, UL 3 - 3 Wi A FI(ILE 4), 1R SFL -1
I SFL - 4 [ 2RI BE () 25 AH R4 1.8 m, SF1 -2
A1 SF1 - 3 PR BRI R R S AH R ) 4.0 m, SF1-1
F1 SF1 -2 M 3.6 m, SF1-2 fl SF1 -3 A 2.1 m,
SF1-3 Ml SF1-4 #H}#i 3.6 m, SF1-1 fll SF1-4
AHEE 6.6 m.



$29% FeM

Wdoisiie, 4. DRIHBEIR TBM it Todd e e 150595 1 7 R St

* 1565«

PTG AL

- ./
t 3226.2
k-

4 3 - 3 T A A AR A B B (7. mm)

Fig.4 Location of AE sensors on section 3 - 3(unit: mm)

TBM JHZF 4077 MU, e St A7 BRI
i, RIFE TBM T2 2 Il i 2 jipRE 7= 5 S A%
A, TR IRPEALIR AT E TR,
5E 2 = 1 B e O ket 7 B SR ALK 20 A (UL 5)
I He v BRI s 22 AL, BhiLEAR 76 mm;
P, BRI ST E OSBRI BN, JFIE
Ao W B A A A S 5 ORI S IR SR D B ) 2
RO, WAL S EESRIN, R R 10 22 SR AT K
R L e LIRS A, frhiksEm e, i
Ao o] 72 A DR B )k 22 2 AT IR S R B0 PR
EHLAURHR EIROL, A RAFRI 22er T, 1
DU H A SRS DR S, Ol LB P EA T e R AL BEL S 5
PR LR H BT A 2K

4 - 4 lhiTH 10 - 10 Wi 3 - 3 Wit
TO SF1-5 SF1-1°9F
§ g
& Y
O SF1-6 SF1-2 Zf
g S
o 2
~o o+
SF1-7 SF1-3
5§ 5
o o
®| SF1-8 SF1-48
“C}’ 200 cm ‘IF 110 cm "f’
1<
g SF1-9
- S AR

5 2 - 1 BRI p N gl AL 3 A s i
Fig.5 Location of boreholes on south-wall of test tunnel 2 - 1

24 KERBEPREERE
TR0 F I A2 AT PR T AR R, AR AT
B A R (PR, 01 A 23 BT 7 R S B &%
VI Pl B DX 3 Pl B R P8 1 R
HHTARUGRI HA W NR S (1) Ry
BEALFUBOAR(28~30 m); (2) ALIEES IR B AH X%

s (3) 2 -1 BRI X BT BB K
AT A P (P S IR O T T, S I S R R 4
(1 AST(1H 2% k25 MK) Dy B i B 2 1 fc ik,
TEF DR DX 3 PN R P A T . A R
P (1) LA sE/E SF1-4 FISF1-8
AT TS AL SR, W DX P s sS4 A
4.80 km/s; (2) fei&dsedes, 76 SF1-9(W.K 5)
BiALN, F2edehtmadifLI, it SF1 -4 F1SF1 -8
fEIEAR A B i 5 5, VI DXk P
0, Mg Ry 5.10 km/s,

ZrAy 2 RN 45 R P Ik s A 4.95 ks
25 BEXEBEFHRRME

SRR 2 - 1 BB T K HIS o i s A
i, SKH 6 4> SRAOM HU S 4L Kka%, 4% 6 Bt
IR FATE, RS R T A, o AR
KD, ©FE &IAT 5 Yk, AR I3
RIHE SR, 0w i 7 .

@ @ ® @ ® ©®
T4oo TssoT 450 T 450 T 400T

K6 el il i A 5 1] 1l (B mm)
Fig.6 Location of sensors of attenuation test(unit: mm)

1005 - O-®
90F.. N ©-0
S N PAC 71X
80f
[an]
S
= 70f
= .
60f o
50+
40 ‘ : 1 l
0.0 0.4 0.8 12 16

7 AT P AR
Fig.7 Comparison of attenuation law of P-wave under different
conditions

MARES &5 T LLE Y, AN [RAR R 7 ) P 0 5
PN AR 75 AR 5 3 DR AR 1A £ e 4L
FEVOIE,  E S el (B ) A T 58 A B 75 2 A )
H AR R,

ETEF IR BIARKME T, A2
100 dB My RIME S, ZEIRZE 45 dB Aifinetk &



* 1566 «

HAT D1 TR

20104F

15m Zidi, TEHIAA IR AR, N R AE 3R
T, IR S AR R TR R SR A T
R, AR REEXET 5 m A4 2445 5 Nz mT DAL
TR, ARG H R s A B e A B
26 TBM FEEEASENSHEE

MRIEATHRAIG S5 R, TBM THS A 7
W EZESHRE T

(1) JEWSH: TBM JFIZH IR e 5
A%, HiFFESHL. TBM ARG 1ES). TBM A %%
ol 55 (RN NS, ACECRE M, 6) 75 RS R 5 &%
RO HT MR K. h T RIAT R B PR B 2 1)
i, TBM TAER, 55 PRM0E T THER FHz s 2,
RAR P8 A B 5 (1) 484k, 1M 7E[40 dB, 60 dB]
P SER S RS T RAR SIS 247 R0 poh 24
55, TBM SN A5 1B TAERIRIBR, 55
ISR I e A, T IHR(EHUE 35 dB; FEdRm
ZNRRMAT S, FREERTA, RN, AT
THER AR (T, mrs IO DA E A T
PR BARMIF RHE s b T IHBRECEZRHA TBM
TAEFR I PS5 508 75 A I DU )5, i i D 8
XA B IE PR 22 T PR BRI 75 RS s A
L8 B AT RAEE O 10~100 kHz.

(2) WIS RERFHAE 500 kHz; il
fl R TE) 2 512 s, AAN 7 RS AR Tl K
H 4K,

(3) SENISEPH Ky 4.95 kmi/s, IEAEHCH 500
o

3 BEEWHMIRIAMNEZ

L B R U S0 BB R A %
MR AT SRS AL R AN AL IR T B I, 5 R
A NN T, 3 i P R 453 03 e FRL R O R 11
— MM, AR A TR AR VA )2 M
e

(DRI RSP T AVINE T 4 N U F
Geiger & B VAN, 7V — R E A X —
LeVE ), X 2 I, A D e i) R —
Tt WL SE 53, A BT i i h -

fEBE n AL DI B W, > Wy -0 W,
RIFLLE (% Y, 2) AR A A )t A5 H Ax
AR/, HAReR

n

Q= Z[\Nk - fk (B)]2 (1a)

k=1

o,

J O =% + (Y, = ) + (2, — 2)°
Y (b)

f (B)=t+

B={t, x, y, z}'
Kb £ (B) ATHEIRIRIN; B il 2k A mt
B RPN R — AR s X, Vo 2, ER K MRS
PEEAFR: V BAEN AL R I A
X)) e dh — i, R
4 B={b, by - b ¥, m=4, SR LHIERRE
N TR]FRR 25 = 4E AR KR, T AT B 2T Q i
AN, b N AR LR T AL

R_g (=1 2 -
abi—0 i=% 2, ---, m) 2
T £ (B) MARZMERIA, (1) LkEREK
fif, SR ZERETT, W2 IR R AR,
LR AL, 1B UIEAR A LA E T B A

4 TBM LB SHR{HELEE

4.1 REEEMES EEESRGEERE
TBM $f i KB, W X (0 1(b)) Y
FERSEE AW 8 s, B AR AR U R R
TBM Ak 2 W, IEEE R TBM it
DI, SRR RN AR OR TBM JHZ
AR JBE 75 RS ASC M 21 P L5 4 2 1) 7 RS At 2
AL A KRR RRBER R TBM JTHZ B K B
SRS I ) 1) B R TR R R R, ML 8
AELAEH, TBM JFHZIN S -7 HIFTZY 10 m ) FE K
O — & FURE I 75 R e S e Rk, R
CZBPEh 5305, 1 TBM JTH2 R 75 & S kA
RE RO SR TR TG 7 m EH A, I
PHBSE T 3 m NI R FmE, HAERERK,
X 2 W 422 S A 32 Pl 1 R 5 4530 2 3 A v A
TG 7 m YERIN, A PLEFH S 3 m .
4r 15000
—o— BRKEIRERE o
o MK A 14000
N <3000

w

N
T

12000

B A A

=
T

<1000

WAL SE R RE (102 D)

—15—13—11-9—-7-5-3—-1 1 3 5 7 9 11
B T A 0 T T 5/



$29% FeM

Wdoisiie, 4. DRIHBEIR TBM it Todd e e 150595 1 7 R St

* 1567 «

K18 TBM i df ey i DX duk A 7 5 S i sl 0 A
Fig.8 Activity law of AE in monitoring zone during TBM
excavation
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