(47 AERIZHBERZENGBRICHT S ZRXR

() FhhRWIFH ORME H- &M B-krxk #Z

HHES () WR HE
o)
1. # 2 m} 06 ol 5
HFREN 21 L0 L35 ARBRTEROE TR OR R LS 02 f i
ZRHETHS, LirL. BENCEREENTS S W - B 204] o QNCIEC g
YOTBREOVES. B L 2 HEHFOBEE LY . =R E i
B RRRHENEL 2BALILL LW, BELE. Zo k> 70  Rook
LHRBOFWEL LT AE (Acoustic Emission)cgH L, 3o &k i
AEREEORMC Y > CRET S L AHLRT WS, BHE )
TABRMEE T, BUNSEEORA BT & BB L U 5 iz L ol 0
ZOBAICEY L HBTE G . BROBBLFIICHETE S, °8

S0, FHBHBEANABBOAERESZ TV, JoFgoEr O
ZERENOBAEEZRFELIOTHET S,

2. FUBHBYAMABOBE

FEHEHBTAMARICIE. 709y 278 ABRBLEO Y 7AW
KB HLH. SOHAER2PE LD EBLEBEVANT O
2HAMBRBRTHL . PERHILSABAF Y > N—2 ) IET.
EAEBETS0cmX50cmXGEE20cmNEREYIHLCE

BL. 20REEEX10cmOBBIL 27U~ FTHEL THAEL FORESEANMRBORRE S ALY
the L7, BBRIZE ' (1, 2, 8), THH(i,§, -, p)OER

residuat time before failure

WASECr 8O 300 200 100 80 60 40 20 0
BET. ¢AMTHE

. T3 AE measuring penod
DT W3 A B W (ock of AE mcasurcment 741

(HHFlm6 0" ~ 3 soor AE sources are located A

only in this period
70° ) OkBHMH
ER-KLTV,
BBkl R
Ho=1. 96 MPa
(20kgf./cm?)
LRAL . CAMH
EIAFLD L7
Ehte. 105
TR LT 54
T78. 4kN (8
tontf) WELR.
5 A 1k % 46 ) 3E
L. BEAHAT
TTHMEER, &
DRBEI L AFE
oistltt -7 bo B2 ¢ANHE CANESD REXCEAEREAROBWEL

\
< (nsing up)

¥
—
=
@
1
[
o

ny

[~3

k=1
T

(count/min.}

shear load (tonf)

-0

shear displacement (mm)

vertical displacement (mm)
I
=
o

AE ratc

I 100
20

{subsidence)
i

—~—0.5

=]

* { I
100 200 time 300 400 (min.)

—231—



k3, BRKEAE €y F— - EliEHD ///1
BEXMCRT. THIHICANH®A [}__<i}
&4 (m, n p) . BEFmA4ARY I

» O,

(i, Jj., k, 1) BHFI@2KD (a, AE Sensor  Pre-Amp Main Amp  Band Pass Filter ~ Data Recorder
r) o1 0RSBEL . HEIZT— Kt (404B) (60dB) (5kHz~ 100kHz)
ANTHRIBLE, AERY Y —it. BAHH B3 AEMERME
hEl7zé¢30 300
mm, F310 3OH a)
mm ., Hife shear load
B67kHzD 20 —280
PZTH¥%. r

$40mmNE
Lo SRERD
CEREICRE D DT

| -

AE rate (count/sec)
shear load (tonf)

BHANEL YD

V:I’ATBE!&L 0 o = J ._Jl m.—.__.—H_.l P —1240
THARELZ., K [ ——>K& [I= —K——lll==>
AEt Y —D time distribution of source located AE period. of failure process

FE. fEitk [ T ! !,] | I ]
Rnizé 66
mm, E2¥
cm~30cm
DHR-Y L FREBRL, €vy
—DERHEHE=Y 7ILREICHE :gg (b) shear load o falore 300
BEzrScHAL. F02 LA 00
O TEASLTRELR, o

3. AERAEGELHE - Ko
E1E]

ABICIIWOHR40HEHL
e, COBD2050BNDAER
EHUEL HE - RHORAREE2 w
{ORg. AEIL. BEWEHEZS Kk
Hz~100kHz:L. ®3& | R | P
RELIlC. LT TERXL Y }@N@'@V@I@Vl&, period of failure process

77T, #§100dB (10 ! g | [ time distribution of
i ! source located AE

FgE) MEL. ¥4 L7 a85 : : 3 A 7 H
R TCF—2La—~FREL TN residual time before failure after failure (min.)
5, AEFRAESHEIX. AELAHE
BEF—2La—¥TEAELT.
INEEHERBEL. WORB ARV FEHEETHY ML, BI2IRLAAEREHEER. H1okr—
2LATHLNLHEOTHETHL. B2 L8R L LS, AEHRIE. F—2La—¥nF—70lX
NBALLEDLDIEFORAKES S . ZORDAE REHEIZ Hitkh & H#E5E Lf:.
AEDRAGHBRESE2 1 0pEICHNT 25, Zo%—BEPT5, LirL. 2804, LHUAER

22 20 18 t6 14 12 10

residual time before failure (min.)

SO

T
P

20

— %
~n
=
o

L
N
D
<

rate {count/sec)

=
T

shear load (tonf)

B4 BBAMNEOPAERERR (MEMTOPDMORENIES OAE)

—232—



EFESWELIZ LS. BIC34 0 PLIRAML .
EHKOBEEACES, RREDBE EH ) L3
BOBRMIERLREN B2 L OEHDBH AE
Ttk S A OB 2 8 04043 A I H AT

|

i

sensor 2 (
i)

MWogEEN (i, j) DR LM YRR LRE

|

/ V

—~KL. 2AERBA3 4 00BFEL, HEN
WosEZEn (k, 1) OB E LB VRABEICITE
MEFT s L Bbrd, £/ 3405E (HiEo
¥S5 000 PHRMLNMSAEIR. BB
334051 OO EWRAHESRT., —
FRAWELIE. 3405 E, L0 MEL MY
LODAEDHMILYEEFTII L. HREMNEL
340HLED3EREIZTELW, #-TAER
B, HBROBIEE HIELAREFL. 0%
DOEACISEMEHC L 2 FE L D LBRICHL THR
LELERRTEERL S,

4. AEDERREICE 2BBARORH
TTAERINERNEEREERTEHE. AED
RAEMNBEZLHLPICTENE. FOFHEIIRE
M AT S, 2 THENERTIE. M2 L&
BT LICAEDRAENBL <% 2 BIENW 2 25
PHRRIC. AEDERREZ T2, COBD10
HREBOAEREHE L EHRELCAEDEKRY
NWEVLANMBEE: X LIZE4 (a) (b) Z5RY,
(a) & (b) DRI, F—TXBDOLDHIZ3H
KNORUBESH S,
AEDERIZ. XV —ADAEEDTIEHKRE
EPOSRETE. SORDIZE. 2RO —T
FIR B DME Z RAM B LEREH L., KIS,
AEROHEMBTEARD OB ERT. SHORE
DAE LY —DORETE . HEHFMOEEREHE
EM KV, 22 TRERITRTEAWHTER LICH
SEREL. 2RENBEWREX T2, ZDLS
CLTRELLZISABDAEDNERERHNZRA
R LAHEAROBBINR S | ~VEIcH6 R,
BRI, 20HOBES2 R THATRLL,
EEBOKBMNELERARL D [~ NV~
VHOERGE2ELELELERTDL %k B,
HAKOWHIL. BTSSP LZ L THANKE
HEWRETIZHLHDEMOBIB,L LT 0. %
RCEMINER L TRERALCAMBEIRICEL LB
bha, B72805%. BRI ~NHICIEE
PDABICEEH>TWEN, N~VNHICIEEE S

0 200

£ 5.

400 (usec)

AEREO1H ( REBNNT OWRICRE, AKX

EMd s e B e 2 oM A RY R )

T (6 events of AE are located),

o o

1 (35)

m (20)

[ 6.

50 {(cm)

[~VIoBES % ( Vo 0 ENL, M5 0 AEDRE)

JI, g, O
B 7.

233—

O, @v, O

I ~VHioRES



THETIHEFAZSE. S6BLIRRE., THIC3HE
SORRBCHBLTWLAES . T - BBIIZE LB B
CETHICZTEHESS. V- Vlicks L., #fiticehehk
L& ERRSICAEDNRESR LR . BRBIRE 1 HB0
VBN E SR RO TSROAENRET 2 L L LB
ETHICOLRURICERBIBICESL, > CAEDEEH )
5HRABEBRIE. ERTRINTWIHEAE : HEeicF
BLaw,

I~V BEEFRLI-DOAESTHS, LRI, &
BRTHERE Ty 7 ENVBVWTEBL, ¢ANEO LT
BEBRLTERLLEANEOSSRETHS. M8OHL
HICAENEROBELEPBHHLH. THIIHINE LH
D+3cmOOBIIERETS, 22, B1 0. tAER
BEORREDKEBHRARTH L0, SHEKEFT- 8B
HWEFO2 248, RRBREEVCEELTWEILSD
D3, -7, EREBHEINELHD+ 3 c mDEH % gl
LLTRPEEL LAY SWEL . ZOBEDLTERNAEN
RELAEBDLRE., Z0L312. AEDEESHIZEANE
DEBRERSRAEOBHRAEL —HTIHEEHFITED.
AEJEFESBROWRICBLTCERLERERET 5D
»3,

5. RS BNEH
FHBERUAMABBOAEIELTW. AEDRAIRSE
BOWIRE FELHRERL . CAMEMLI D LHBICELT X TR
BB TAEHPRET22L . FLAEDERREERITIY
ABEOBBERECHAGKOBHRAL —RXF2 L ERLL,
CNHDERIZVTNLFEMETHOAEYESEBEROEE
BEREL LIHFRTHZILERLTWS, EREOERIE 9. vANESERR (v FrIEEAH
LT, BRI BO Y —TAERBEFENER LTV, FRELY SECES)
AEREFUESHALEHR
CHRBOBRENEDH SN
A, SHERHET
Bpicgbx g v—
EBML. YPAIALT
BRRAESOHRBLE LT
SUEDNFEHFEZILND
ZofHicit. BERHE
HEARRESOEEY 10 #RAKOAFBHRAE( FAR, BERZIAER)
Y —DRAELXBRBEORFPLETH) . SHUE - BT XTFLADORKE X417 THRHN - EBRNICHE
F HEHTWELNWEZEZITNS,
(BFXM) 1) LAY LHRNFFALBENBE  RUESBOXBE LU ANKBRONES, +Az2,
PP. 17~31, 1983.  2) FEAREY : EBRBRCBHE7I—2F 197 - LIy a0l
B, AREBERHART®, No. 27, pp. 102~106, 1983.

63 mm, before
83 min. before
103 min. before

—234—



(47) AE Monotoring during an In-Situ Direct Shear Test
for the Application to a Large Underground Cavern

by Tsuyoshi ISHIDA®*, Tadashi KANAGAWA™,
Shunji SASAKI* and Yoshihiko URASAWA™**

Central Research Institute of
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The Tokyo Electric Power Co. Inc.

The demand for deep underground caverns such as
power stations and rock tunnels through mountains has
been becoming more large. Because hard rock has
usually faults, joints and inhomogeneity, discrete
failures often occur and sometimes make serious

troubles for stability of underground caverns. If the
discrete failures are predicted, we can keep caverns
stable more easily and securely. Acoustic

emission (AE) monitoring seems to be very suitable for
such the prediction.

The authors have monitored AE occurance during an
in-situ direct shear test of a rock specimen, so as to
develop the predicting method for discrete failures of
hard rock around a deep underground cavern. The AE
monitoring has shown the following results;

(1) Increasing of AE rate corresponds to rising up
onset in vertical displacement of the specimen.
Therefore AE occurence has a close relation with crack
propagation in a rock specimen.

(2) AE rate 1is more sensitive to the failure of a
rock specimen than the shear displacement.

{3) The source locations of AE have made clear the
failure process of an in-situ direct shear test for the
first time. The tendency of the failure process is
consistent with the process which is expected by many
researchers with theoretical and munerical analyses.

(4) The distribution of AE epicenters agrees with
the observation of the shear plane and the movement of
the specimen.

All the experimental results show that AE
monitoring is suitable for predicting discrete failures
of hard rock. For the application to an underground
cavern, AE frequency band suitable for measurement and
arrangement of AE sensors are remained to be examined.
The authors will solve these problems using theoretical
and experimental methods and set up the equipments need
for better AE monitoring in the near future.
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