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Fig.1 Underground chamber and the region -subjected to the
experiment.

EWMHHOERZEORETHY, TAITHLTIE,
BENOWH/NOT A% AE (Acoustic Emission) @l
ED, B ORAYPEETH SN, B3I UL TS
RREEENDH B LIV RS, FIROASEIATY
%.

Z I TEEL I, #EKEROIERNEREITYL, #
HEEHB OO T HORAIFEE & &I AE LB EE D
HE 2TV, Th o OBEFEORF 2T 2. 51T,
O HBEICTDNT R, MERERK 22IGHL T,
FANED 1 ARDRT RA—VHRIZZEEEL CHRTE5 -
F—TEEML, EREEICESY BBROVTAELE
BEMETERIAE LY. ThbORR, B/RN00T
HOBEEN, AE RLHEREE ORIE L FERE, W5 55
I UHET 2RBENCE S BREHORAEERE LT
BUHTHSLOEREBIOTUTIREET 5.

2. BARBROAE

(1) $tRFEEFEHE
T 22 R RIBE AR > O A RELS H 0457 1, Fig.l
OHERITRT &2, EEHETRE <ER» SIS

1

41



ZEREHIR OIS H BRI B U 720 5 HREIEEORE AHE - @)1 - KH - Hfp

cross-head

universal joint
,4\/ load cell

with grease between

them.
specimen of
Ohya tuff
(300% 200 % 60mm)
/ ram
Fig.2 Specimen and loading manner.
Loading
dHETT
200mm Smm) .

T %) 02 boz . o6 | Q11
”"S'quomla cde %
e R

:é 100 8 O3 Os Ov 012

I RARTART A AARR AR AN

O1~12 : AE sensors

O T ! transmitter
| a~z ! strain gauges °

R1,R2 : receivers

Fig.3 Locations of AE sensors, strain gauges, a transmitter and
receivers for V, measurement.
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Fig.5 Load, displacement and AE count rate as'a function of
time. :
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Fig.6 Distribution of AE hypocenters (O) and cracks appearing on the surfaces of the specimen (solid lines) for
each period. In the upper left of each figure, the number of located AE hypocenters and the elapsed time

are shown.
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Fig.7 Change of P wave velocity ratio (V/V;) and P wave first
motion amplitude ratio (A/A,) with the elapsed time,

along the two paths T-R1 and T-R2.
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Fig.8 Change of strains as a function of time.
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Fig.10 View of the strain gauge buried in a borehole.
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Fig.13 Distribution of measured strain increments due to
excavation of the test chamber.

DB HIEIE, ERAEESS LSmBEEORBESHE X
ns.
(5) BEVTAHDABHKOBHICOVTOEE
BEO T HOHME, ENERTIE, Figd IRLRE
& ITZERAEE IS 3 BB RO £ /E D H 4 LN
1B G — 7 2B o5F%REZ R L DIk
L, BUBEE T, Fig13 IR ULk D iz empes
5 2mftE (7 — Y No.3) & 5.5 m (45— No. 9)
D 2ERICE — 7 ERODHERERL 2. BB Al
ELEOREREAHOSAOEKETH A, S, ThiX

ZETRIE B D BT BT O RE doe & RIS

TH5E39THAS. FHIEREBICION T, ZOERL

54 UBEN 12 ERT CIS IR L A BIESfThNTH
N2 ZORRE COERBIEICOVWTIERRT 5 &,
Fig 3 DELIZRUE &S THS. XBOBKFIE, <
DREMERY, ERSHESS 5 —BREEERTIC S 5
BEESm OHAEHETSH % IKEL, AROKEHES
DHERK L R D 2 ER T RIS DB KRE Aoy DT
ThHb. Aoe DHHIE, TR SHBEN S IO THEF KL
WLERLUTHBY, BEOSTHONTHERZILRERLS.
THAND 2 @It — 2 2B 3 28E0 3 D00
i, ISHOBESICHS EOHEXY, HflEORE
RO A&V SRAEORGERIC L, O HE
ARELUZERMEL SN Im OHEHATIE, LWhIEE
B 2 KOREZERT S5 £ 8BTRABN &%
RLTWVB EHICEDbN 3.

5013, ERESLFTOTEMEREBIC BN T b
BHOISASHEPTGETH Y, BEERMEORWER
BB ICAR I I R E s EAER L T W AR S 5 =
EERBELRLY, FORBVEHEOVEOVL2HEEETH»
729, Fig 13 OBIEMEE, ZAEER/NMETI0FLLE
DEWDH Y, BROFHEAMDEE IPEEREIC
BB E0E, HBERSICELTE SICEEIZEND

ZEERLTVALIREDNS. 20 &S BIGHER
SHfFbhnE, WEE2X X 5FICHEYNT 35510138
FRIC K & 2SO ERT 5720, BL ERB 2 BT 5.
2EFTICE -7 2 EFF A0 THDOHTRE, FE 5
R REOMET LR TBY, SHRa6IT7—
FEBHAPBRTHREEDTNEIZNEEITVS,

5. BMESHORE

ZoYRIE B R O B IR, I TSRS R O RS
DERIERT B ABEH 2 BT 2 FELRARKT B2
¥, ERE AW ENERZTY, MEFEORRE
{Totz. i, FHRIKBEBLULIZEBAOMNOT H O
EIC20W T, BEMNEBEREROY —V2E#L, TiRiE
HIZPES BRANO O T AL ZBEME TEBICAIEL
T, SHIKRHEEDE. ChOOBESEEYT S -,
LFoEB0TH5.

(1) #HEGEm BRI N BELI, AE (Acoustic
Emission) OBENTEOHRAIBD &5 ITEN-TNL
2 sz, AE OBFRRESEMRIGH oA
W 2E5ROWBOTFRICENTHZ 2 E8hh o1,

(2) E=Bhifiadkz2B2 2 >0/ 3ATRAEL Iz
P EEE PBRIBZ LB UL E 25, ROH
ZEEREEE, PUEE LV S PEIBIRIEO S, =8
DOBHEIF U TR BB AR & hbhp >t $1z,
P EFIEIRIEOE T3 AE ORETHE ST 55 M
NS BEEE OBREIEIR IS, —7F P WS O T gk
FEOBOBTRES T 51 2 ERNSHIBEORER
WS U T W AERAN A 5, 0 &> SBENRIEE
BHORIEL, FEREISHOEKICERT 228homss
DEBOIRBICENTE S b ot

(3) #HEEKIBEN L0 FT B — 13, 8IS
TWINLHMEO T HOHERERL 253, HEURICHE
DU B EPERAERS RN L iz - YD 0T A
BEREASERUE. £, 2OVTHBDOETICHED,
B 2 RIZHEOCE U T VERSI LI r -
DUF HBEIHIEN SR ERIEASRONT. &
DOEH L, BEOE U TARBSNTORFEY,
BEOE UTWARWEBZERSICBE U2 2 &b L
THY, TOLS>E0THOREEH, LRIESIFOGH
BRESICHE->TEL 305 AEHOHEHRICEL T,
FHsBRZIRET DS 2 &b o1, &
7z, HREEICHABEERENER L BP0V T A ST
OERERE UIZE A, ZODERRY S, WEFH%E
Ko 2 BRHBRERSEENAESEN TS5 2 p8b
motz.

(4) FAEROOF »ORECKIST 5 FRIEESE
OWNOTHOELERET B 120, HITAAERO
FTHHEERL, COFBEANT, E8m, HX T,

1

49



MBI OIS N BRSICER L 129 5 HIRAEEORE G - £ - KH - B

£ 3 32 m OFROIWHNITHES BIEBRANO O3 HE(L
ZRIFEL 72,
B NERLL RS BREBOBEICHSBHATE 3 &,
i, MEETOWS A8, ZRMEED» S 1.5m
BOHIETH 5 b o .

(5) ENETHELLZOIT A, ER» BN 2
EricY -2 2 H 3 AR a0 GRRERLE. 20O
£ BHME, SHOBESITHES WEDOEX, Hif
75 & O ERA DR & &V BRI O RS FY i &k
O, WhHiZEBPIZ2AOREERT 2L aETER
LNIZZEEZRLTVAEDIZRbhi., EEe3, 2
TAE B DRI O FE R IC BV T L ERR OIS NS
PARBETH O, BEESAMEOBEWERERS I
KEZWESERLUTOSEAOS 5 & 2HE L
», ZOBEMIICHERSICEBEL TS 5ICEE RS
EERLTOVB &I IEDNS. 28—/ 58
FTHRAFEDTHDHTEIEL, %%bm@%ﬁfﬁof%ﬁ

DREFIZLBRNTHEY, SBEHIIF— I 4 BHERT
BIEEEDTVWE W EEZATNS.

CEE LI, AU TSN AR L RO T A
£B0FHRER, AE, B EBSHEONES, B
KOOV S ORBESHTREHIERICERL, +©
WHEET-5%28T0W5A, BIEE, ZhHDTF—F DR
B B2 THBY, ROKESICIEOhS F—y itk
O EBREY, I RIEEICHE S 2REHE S M O TS
ENOERIED EBREHER/RELLVEEZI TS,
725, KFFED—8 L TR ARIEICR (—BFITE (C)
04805064, WHIFEMERE [ GHE) & (M)PEBHEHAT
FPMHAOBREB TITo/7. TR L THEAET S,

EEX®
1) Kovari, K. and Petter, G. : Continuous strain monitoring
in rock foundation of a large gravity dam, Rock Mechanics
and Rock Engineering, Vol.16, pp.157~171, 1983.

INEBRFBROMERE LB Uz s o

2)

3)

4)

5)

9)

10)

11)

12)

13)

Kanaori, Y. : The observation of crack development
around an underground rock chamber by borehole
television system, Rock Mechanics and Rock Engineering,
Vol.16, pp.133~142, 1983.
HHE - @NE - EA KRBT - HRBE ( AEIC L 5%
BERTERERCBEY 2RMER, TARFHE,
3765 -6, pp.141~149, 1986.
AHES - LFR— - KTEA - BEERE | AE SRR
HEREICLBIEME Ty 7 ORWBEESHOEH, L
ARESRRE, F4188 M-13, pp.153~161, 1990.
AR LFR—  RTEA - BHEE | AE BIEIC &
5 RVBIEEEMARET OBR, tARERRE, B
4248, 7[-14, pp. 187~196, 1990.
EAR—  FENERN - B Rl M EERAT 258
BR, BARMESE, Vol 98, No.1135, pp. 927931,
1982.
IR - FRIER - AURESNE T Ok SRR, B
4K, No.163, pp.31—~42, 1979.
Kanagawa,:T., Hibino, S., Ishida, T., Hayashi, M. and
Kitahara, Y.":
Islands : Over-coring results from a multi-element gauge
used at 23 sites, Int. J. Rock Mech. Min. Sci. & Geomech.
Abstr., Vol.23, pp.29~39, 1986.
£)IE - BB - FER Ao T Y v TRk
% 3 YOTHUE R —EBRB 8 s — Y OBR—
B RafZeEr - FFERes, No. 385033, 1986.
feaRBR" - AHE - )R RBEBRBOLDOE
BB BB ORISR —— K ERRCc Rt 3 5 AE O
MEBHE R B = X h——, BHFRFIEF - HIERE,
No. U 86032, 1987.
HEEZ - STRERE - EeE— BE-KER0W
BOMERICHE S BEWORIBOBE, HALEREE
Vol.94, No.1083, pp.323~328, 1978.
SNE - IWAREE - B - #IUSED D AE BEER
FEREEOR L rENSERIC LA ERE, £ 7HS
DNEEARY v KV LBHEHE, pp. 193—198, 1987,
AHHZ - @R MBS HRER BRI A BN EEROR
BEMORE, ME2, $40%, pp.329~339, 1987.
(1991.7.29 )

In situ stress measurements in the Japanese

PROPOSING OF A NEW METHOD TO DETECT LOOSENED REGIONS AROUND A
ROCK CHAMBER, TAKING NOTE OF STRESS REDISTRIBUTION DUE

TO EXCAVATION

Tsuyoshi ISHIDA, Tadashi KANAGAWA, Atsushi YADA and Masahiro TANAKA

As a method to investigate loosened regions around a rock chamber, the authors took
note of the measurement of small strain changes in rock due to stress redistribution re-
sulting from the excavation of a chamber. Then, they examined the applicability of it
through a laboratory experiment, with examining the applicability of the monitoring of
acoustic emission and P wave velocity. Moreover, on the measurement of small strain
changes, they made a new gauge and measured real strain changes in rock with excava-
tion of a small chamber. Through these laboratory and in-situ investigations, it was
elucidated that the measurement of small strain changes is applicable to investigate

loosened regions around a rock chamber.
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