F ALK TE No. 529,/ H-33, 19-28, 1995.12

AE O * H = X LBRIC & 5 TR BARZREEHIRS
AREHORE

T £ - @) B THER - il e

TESE T UOAEBhEdS SRR 5 — (RAERIFFEN H@RT¥ER)
(F755 FEHHEE 2557)
:E4R () BHRRHEDT RETUIRDGERESRSSE V-7 HRER
(F270-11 BREBETHRET 1646)

SERBE HMERN ()

RETHRIIER FEKA (T661 JERTHEE 3-11-20)

{ESB T B —2—Vxvy HNERMHEREE (T542 KEiTPREEZP 1-20-19)

R SR A2 RRNI S AR AR TRE T AMN G AR 2 BRETAIE L, PEIBHOKREER Y, S 2 H =
Z 1R (fault plane solution) %K@ T AE ORIRMEEEH /2. Z0OHER, AEOREFRE &> foRE R D
BERBHERO S OERG M, SROESHEEOFE, SRR, THHE s SREM OMERR L &2
TG L, HELEESEILO LR ESEORPICAV 5 hTWVW5 OFEY, HEME TEREOEROK

EHFEcLBHATESL I LD o7,

Key Words . acoustic emission,

1. BLC®I

HFSEEAT R 1S U o & 3 B KR R 2R O il iz B
UTiE, BRaBoFEg2itEL, EROREN & b
LEMbBTI gD 2 EPEETHS. Lr LERRT
i, WTFZEREDNOEEEE S, BT UHFEACIL-T
FAIBE eIt ENTVAERVET, TOSATHIA
BEEEORBLIBEL ShTHS. EEHIE, S8
AFE(Acoustic Emission), 305, HBOM/NIH
BcfE - THA T A2 ONE P EBEHOIBRICH
ShehbdEEZ, NNEBELREMNEBEERET> CFEDOH
REED T 12V,

W TFZREDOEBEHOWEIC AE 2 AL 555
i3, HFET1,000m ZHEX 5 FESRP  hICLEs
HEVETFICH 58 ET, FXLEhOFALT
% BEICERICITORTETH Y, BETIZAE®D
P a#H OBEPLRIBEICE SV THEO A H =X b
EEF L IERPESREINTNEYS. 20
OB+ TERO AERET— 7 K@HT S &
peshild, AE OREREE, 34505 AE oRERHR
Ere o EEE OER - BRI FOMERFESEE
EHOHAERESPIZT B EMNTE, BROTEWFE
iRz BRI ELNS.

UL, HTFRERRERS & B iaW R

fault plane solulion,
measurement, .rock mechanics

19

underground powerhouse, in-situ

HORRT, TO&D 2K ETo 2 AE ORIEMNIX
EEOHAHLEVRESINA TN, Zhik, Zhbod
TR EE IR ES DIV zo, INERAD XS
REEE L EBREESRET S I EEENT, 3RS
FAENE (BE) ORER, AW ALDBHRENBITRXA
EORBBEOARE L AR OREPBOTH 2D E
Bbhs.

k513, METH2280m KBS 2 TREFRZE
BAoMBESRT, ZRBEICHE-> TRET 2 AE 2RIE
T AMSEE. FPRBAOVRBEOKRE T AE DRER
B otz UL, HERABEWER TR BEZ
HWEELLEBREO AEBERTY 2 &tk y, HIE
UIZAEARY r D) HRHBBEDOKREL §HD AE
ARY MZHUEOBELZ 3RTHICRET 5L LD
i, PEggsHomSERICE I A= X AB (fault
plane solution) %3RK¥TZ DIREHELFHASB Z &0
Tx). ZO#R, AEORERRE s - CBIBEOE
M- ERR OB RE B0 AN, S8
Mo EMEEEOEE - HE, PHECAERR,
AE BAEROZRR, SBRENTOMERRELE LA
HEITHET A E bt 2D &E, AE O
MBERE F0F— 7 IcES < AE BEBRBORNLS,
WTRRERO & 5 72 R ZERISE O RSB O BRI
LEKRFCHEHATRETH U, FOLEERFIICERT



penstock side

i
t positions of
- ! dynamos TN,
= room H room for
fransformer transformer
£ N
= ™Y Noz% N Nodt
5 —— —
g’ X i _)'(
g 2
€ extensometer
5 . \_>” research shead
P
£~}
] boreholes access tunnel
tailrace side m
% .
l« ,L 134.5m =
T
L extensometer 'Kborehotes
$ #
<
~t
. 1
Y
f € boreholes
E o
“ s Fe.om
-3
1’ \ extensometer
N |Y—Y section viewl
> =T
9.0 20,0 24.0 20,0 90 m

Fig.1 Underground powerhouse and position of boreholes for
the measurement.
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Fig.5 Illustration of fault plane solution based on P-wave
radiation pattern.
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chamber when No.1 AE event was recorded. (Plane
view)
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Fig.7 Fault plane solution of No.1 AE event (Lower hemisphere projection of Schmidt net) and recorded waveforms.
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Fig.8 Lower hemisphere projection of joint surfaces on
Schmidt net.
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Fig.9 In-situ stress state measured by an overcoring method
before the chamber excavation.
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Fig.11 Fault plane solution of No.2 AE event and recorded waveforms.
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polarity distributions of Nos.3 through 8 AE events.
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Fig.14 Horizontal displacements measured by the multi-ex-
tensometer.
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FAULT PLANE SOLUTIONS OF ACOUSTIC EMISSION INDUCED BY PROGRESSIVE

EXCAVATIONS OF AN UNDERGROUND POWERHOUSE

Tsuyoshi ISHIDA, Tadashi KANAGAWA, Yasuo UCHITA
and Masaru URAYAMA

We monitored AE(Acoustic Emission) in the frequency range from 5 to 100 kHz in a porphyrite around an
underground powerhouse, measuring 24.0 m wide, 46.6 m high and 134.5 m long at 280 m below the surface. Eight
AE events could be located and their fault plane solutions were obtained from P-wave radiation pattern. The
solutions are consistent with a strike and a dip of the most dominant joint surface, in situ stress state, and
displacements measured by a multi-extensometer. These results indicate that fault plane solutions can be applied to
assess stability of underground powerhouses excavated at relatively shallow depths, in a similar way to deep mines

where the method has been practically used.
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