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ACOUSTIC EMISSION AND P WAVE VELOCITY MONITORING
DURING THERMAL CRACKING IN A LOCALLY-HEATED GRANITE BLOCK

Al R -AE R R T E A E RO B
By Tsuyoshi ISHIDA, Kaoichi KITANO, Naoto KINOSHITA

and Navuki WAKABAYASHI

An electric heater was inserted into a hole bored in the center of a 300 mm cubic granite
block, and the temperature of the heater was increased to 500°C at the rate of 200°C/h. An
visible crack was produced from a lateral surface to the center hole through the block at 107
minutes after the start of heating. The distribution of temperature measured with ther-
mocouples located at various points in the block indicated that this cracking was caused by
the thermal tensile stress in the circurnferential direction. Acoustic emission activity and P
wave velocity were monitored during this experiment. These monitoring results correspond-
ed to the cracking in the specimen, therefore it was assured that these monitoring methods

are useful for thermal cracking of granite.
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Fig.2 Locations of AE sensors, transmitters, receivers

and strain gauges shown on unfolded surfaces of
the specimen. P wave velocity was measured
along two paths of T1-R1 and T2-R2.
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in the specimen.
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Fig.4 AE count rate and cumulative AE count from 105
min 45s to 108 min 15s.
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Fig.5 P wave velocity as a function of time along two

paths of T1-R1 and T2-R2 throughout the experi-

ment.
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Fig.6 Visible cracks observed on surfaces of the speci-
men after the experiment. Broken-line circles
indicate the positions of cores bored to observe

cracks in the specimen.

AH - ALE - ART - B

DwTid, AE OFHEROERELE & LIt THL |
EET D,

(3) #HEREOHBRE:UVTHONERER

AE » BEREE HBIERESR, KR Fig. 4 o AE FH&
FENpIEh &, SEER DRI EBRBALKE 106~107 570
Mic®AE L2 L Bbhizd, ERPIIHREE Wit &
KEKEZRLZEZNBR—ATH-TW KA A5
ZEDTE o I2020, BELCEBROBEIIERK
TRIZAT» 72, T OREHER I N MR BRENBRE,
Fig. 6 »BERRIZRT, $72, Fig. 6 IZHBR TR 2uE
THERO LIRE» L TIEE TEC 276K (2T7E
50 mm A% 5 7%, 80mm #°14) L T, HEANEL
CEEL 2RBBOBERL T2, ZORER, ko Lk
TOE TEE 2 i B/MESIBROH RO 4 K@z o
9 b 3ARFEHEE E T & 2N F N 30~70 mm EE
TikF->THEY, ltkhRific: CHERL T 28H
FEAESILOS 2AE UUTTRooMEZME L, =
nzmp g ) FOHUIRE 2w & Lz &icd 5)
DFECEL 2 BBEIZITH DI b Tz, 22
DBABINEL b —F—HIEEE TERL TELT
BY, fEI CRAESILE BB L0 TAYT—D 2
YL CTHEBL Ty 357, HEEENT T BB FLAONT
BERORTNGERLTWS Z EHFERINL,

Fig. 7 1%, #&R&o 2 WEIcBEA L 258 OV T A
77— (Fig. 2R L2 MERRTHY, 5IHREIEE
LTHE DU TARERTHEILOV T A EBE TR
LTw3, FTHEFROVTAD, ¢, {, gkAibL,
106 4 % Tk FE UM OZEREEZRL T 555, B
DHL2ME [ D b, ¢ 55106 5T N EH 223 1, 245 1

300
200
<
Z 100
3
=
=1
§J[ ’
o
4
‘m —100
o}
= \
[=9 \
E Ry
) I LY

030 60 90 120 150 180
elapsed time (min)

Fig.7 Strains measured at the two surfaces as a function
of time.



AE  WMEIORENRER X 2TERET 0 v 7 O BEBER OB 157

FRLZBLTSTHBLI-DISL, B8R0kl
o ZMEID L, g3 106 5 TENFN 164 4, 148 4 %
AU 107 5Tl —115 4, —113 4 B3RV T4 5
JEHEU T AN T B8 2R L2, —F, £—F—
ILotLEh e FiThFmOUvT AR5 L, fIEI D a, d
13106 5% & 107 Z ORI TAER e BB 2R L T b0
Zx L, T e, h i3 2 ORI R S 2 2L %R
LTI ka b b

PLENZ &b b, BEREDBEGIT 106 54 5 10750
FICE [ & b — 5 —FLILEE % 4% ol MERUR O F ANz
BRPERT LI EICIVEL, ZoBBENREAEICLY
T I Tl A A MBSO T A L2 e E2L B
ZENTE DL, TBBEORERIIZO>W T, TTK
BFz AE & BRI E R R D Z DR R TOBED
RAEPBEMT TN B

(4) BEIEHER

Fig. 8 i3, stk igo Ml (Fig. 1 ZR) THl%E
L AN B EELE, v — 2 —EmOEEL
FEBIRLARLNTHD, —EPERTORL I —F—
EEIEE (U0, M0, L0) i3, E&TRL RGN
HE (M1~M10) D 2fEN A —NTRLTEY, i
T EBBIBBOFGBIFETH 5. KL TiE, -
% —£E R RELD MO DIBSED 1 BRI 200°C o E T E
Ayatie—s—nERELHBILZ, RioRL2&
342, E—F—FKE T L0 iFFRE MO &i3iIFE—E

[
=
P=3

[N]
134
=

[N

-3

>
T

100

<
'O
temp. on the heater, UQ, MO, LO (C)

=
(=

temp. in the specimen, M1~M10 and
estimated temp. on the wall of the heater hole, W (C)
-
o
=3

80 0 0N120 10 1k

elapsed time (min)

<
w|
E=3

N
n
o

Temperatures of the specimen (MI1-M10: solid
lines) and the heater (U0, M0, L0 : chain lines) as
a function of time. The temperature on the wall of
the heater hole (W : double-dotted chain line) is
assumed as a boundary condition for the analysis
of heat conduction. The result of the analysis is
shown by broken lines. The arrows in the upper
-left figure indicate the initiation of rapid increase
in measured temperatures.

EE2RL, BRATH WWCRHREDELPEL T WD,
R U0 I3 mBBHER LI MO L D ESWIREETT &

HIZ N, EBETEO 180 4i2ix, MO X D #50°C &
W550°C #RLTCWB I 2D bh5b, Lid-T, b—
I —FEHREOHIEIEAN 0% OBETIT) 2 TS
f2Ewz b, —F, HRAKRNBOERESMIZ, RICiIR
LCwewds, ERU, digi M, T8 D o 3L ¢HEE
FIZEA LB, FOBEIBKRTY 100CEEIRT
Elpdr oz, B, SERROEEE{LY M LTl
FEE—FTDEyice—F—ILEBEDOEE W: 24
$HIR) 2R BEMICHERRLE Kb 5RO 2 kB
ELTED, INEEREMHL L, @NEREFTAEZH
TEGHEIC L BT EBMRBRIE 21T - 72, PO
Wz OREERL TS

F7, EBRIKRTLL 18050t —5 —FKmIEE MO
e——fLEEE L ) 6 mm NFHOEESA ML DEE
T 2L, b—F—LFEBEE D3 mm BEORMMEIC
FHEE N ETLEEA L 6 mm DR E BT 71T
T, #210C L DBEEVELTWBEI P bH 5, K
iz, BRERERD M1~MI10 DIREELE A B &, B
DT ELD L, BTk — 7 —iSRWEIE A SIS B
ERLTWBZ EWbr b, iz, MI~M4 Tl 100°0C
TV ARELAIET Y, 20BBCERE LR? %
¥ DEMEMER Y A S5, ZREERERIchThIC
BEL T RSO0 Er Bbn s, HR&kiT
t— 2 —HNEIENER N 1 AMENTHEE L TF
Bzt L7228, KGO b TrIcBEL Twid o X #H
ANb, BLizZnbnRET100C THRE LRNDEIE
BHOESICEET2E, E—s—Ipb@m %5138
ZORHEPEL 23RS S L b S, TR
t—F—FLEHLETIRLAE2EZ LT -5 —fb
LR BRI ERLHOMBE»KREL b8, b—
Z— b BAMKTR L - ) B H IR E LA BEIVE
b2 EREREBbNS,

Fig. 8 w7 Lizid, M1~M4 o 100°C 35 T #lERS
BER 2IKL, HROESER L 2 EEEMEEMR
PAER (R & & iRl 7z, MEFRL THELLA
2:, Ml1DBEESEYIEE S, Tbb ML TKGDH
Brthg » TS5 HRERRT S L, REITRLAL I
M2 CRELIBE EEFEL 2B ALNS, 72,
KO FRIZRRBNT M3, MA THHELTWB I
bbb, 0L hBELEELFIIBEOEGHAD
AR CRHEBETE T, Xh0ERLEROZICHE

E1) B, ISR T 2T REY 587, Tiow
WlEx HW2, BREE A=3.26 W/ (m-K), HK# c=0.720
I/ (g'K), BWE y=2.0X10°%kg/m*. *7-, StEAKMAEIZ BT
LIBEDOEREMFIE, MEMI0 TOEREEZ 2.



158

L5 5EaE, BELRERC L IRNBHIC L - TE
Lz Bbh, Besrbznsg, £/, t—5—1
LN SIZEBENBLERNNL B h8i< % H14H
M H 545, Ziudb—F—Fb 68 < & 213 & BAE
ML) OBRICHBENIABIVNEC KB EICH
RLTWwB EEbNE, SLHICHELALLE, M3, M4
TREETRLZ L ) RBEFROEHMED 2 »Frd 3
B, INLNBRDEREGHL T Z L3S ENH
FREEEZ LD,

(5) #@EHhHAH

BEEAROBB IR ANTRORE T L N REL 2 &
Bbhdhrs, BEENOBENIOSHIIEERI D 2
5. BOEEER OEBBHE 106 542 31 5 fLE KRNI
BESH% U, M, L 3FLoE 30 SOEIEIC DWW TH
AT EFig9nESichsd, ZoRED, BEIER
EHOETFTHEICIZIZZ R TH LI b b, £2T
BZHEMOBESF T i3, MILTORERERICHEI W
T Fig. 10 OB TR N5 488 » DB

T=A1+A:/In v+ Asln r+ Aln #)? oo (1)
TELEND ERET S, 2L T, MNEDORES G
L ONE a, MR D OHEBRDOIBHFH DR,

2 2 rb r
0= i@[zzizZ./a‘ Trdr+fa Tra’r—Trz]-" (2)

or=2E [% [ Trar- [ ’Trdr]

VT, BiEFAE%21T) & Fig. 10 KR #1074
»Rens, R(1)id, BHOEEREENEESE Y
LTRELZLNTHY, Ai~AJ3ES %, In X AR
#gERT., 272238(2) LRI DEHFIcBWT, WME
1213 a=14mm, b=150mm D%, ¥> SEKE, &
AR el NET-72 2 T RE > 5872 E=68
GPa, a=8.5X107°fli# i\, BRI FIEE L 72,

Fig. 100G i oA % A 5 &, 0o DIEIE r=100~150
mm DT 8.0 MPa ##2 TEY, r=124mm Tk
Kf#E 8.9 MPa %, #&AMEICHIET 2 »=150 mm T
8.1 MPa 27, BHERKIC & )R- E 053RS
BB AFEERL, b——IILEHmn5IEE
W23t L Ciz 7.9 MPa, &BxXILoFLih @ Tl 10.0
MPa, 2t b 2 FHICERY 25M T3 8.2MPa T
BHofa, ZOZEdbH, HROWE I A6 —F—FLIL
Bz Tl L o BEiE, - —FLicERT S 2
FENDH HTIE, 5IRBRERAE LT WHATH Y, b —
Z— .ol & 100~150 mm B 72 B R AR BE 4T
T go DIEIX, ZDHMEDF|EHE 8.2 MPa i2131TiE
LTwiztwz a, Lizd->TZn@azhs, SR
MHEDF IR LD, BREMLOFEEC L 2BHEF
DHELHIBREZITC, BENCRLBHEIZEL

Va]: I 4 Gl NI (N =/ N

axis of
heater hole
100°C 50°C .
i ilLl 1 ' :
‘ g If: !‘ 4 4, every 50°C
T
iy | [T
E ::EI ! i every 10°C
it 1
:” E | e measuring points
ﬁ':°" b 1 of temperature
TN I
it i I
1A : | !
A
! i Il
N A
H e ey t !
N
0 50 100 150 (mm)

Fig. 9 Distribution of temperature in the specimen just
before the cracks appeared, at 106 minutes in the
elapsed time.

T 1 T T T I T

wall of -20

heater hole =

Oy 410 §
- 3=
2 . 5
< g
4 —-10 o
2 <
g measured --20 2
=] temperature L @
£ 60 -3 F &
- g @

+-40 B

40 £

o

-50 ©

20 ! [ L L | | | 1 —60
0 30 60 90 120 150
radius r (mm)

Fig. 10 Distribution of temperature 7" and thermal stres-

ses or (radial), os (circumferential) in the speci-
men just before the cracks appeared, at 106
minutes in the elapsed time.

ZhnrBbhs, —%, b —F—HILEEHIET B r=
14 mm T3, oo iTB/IME—~57MPa 2 RL TW53%%, Z
D Z DEFEKRO—EITEREEE 150 MPa 7#) 40%iC
FTELV, b —REREIR, TTRIORSTRS
B 500°C 7 70%, 350°C T2 L TH Y, EBR T T
b — & —ILILEE L OJEEIG 1 A5 — SR RETR B I L 7
otz Z LIREZICHRENG, T/, EBRBEOBET
13, b—F-—FOILESSIC BRI/ & 2RI 3RS
Leh o7z,

PLEDBIE R TlE, v 7R E R e : —%
L7285 EBIZIRZNLDEIRIEEE X i1l
T5., Lzb-> THRELZERICIET 5 2oicit, T
TEDREBERBOBERTEL ZER L T 2475 ©
EhbH DL, I ZTOBNIL, b2 —FLILE % Pl
ET DENMREIT CH Y, HEKo LT oRmEMEICD



AE » MBS EREIC & B BRE 7 9 v 7 OBBIEES HEE 159

BELESENDBRIZODWTIRHBET LI ENTEY
VL INLIEDWTUL, SBOMERETHLEEZT
W3, B, EROSEETE, FAEEBICHBESERL
720, WEIERALZWEETLEROEMIWEIN
5728, = —FBAOEIHAHITSMOERS L B
B, L1z oT, ZhL) BEBEIEWESET THEE
LG BOBETH 5.

4. % %=

AE DFEE L R HEEIC Y, FELREELY
Abil, £ZT, ZORBEERICOWTELZL, 2
noMEFEDBEAEERETT 5.

(1) AE Re45EE

AEDEE, Fig.3km Lk Hic, EERMKE
40~50 FEEICEEZE Y, 10052BE 2 LRRZNE TD
1000 L EO E b TEHWHETREET L L) 10k -
7z,

AE OZERAIZ, EBRFAKE 40~50 FETH 555,
BT BITAe—F—FEHD MO SDIREIZH 144°C,
b —FLILEED & 6 mm BEN 72 RN O M1 &
TRHAFC TH 5, Fig.8ic 2 HEHR T RL b —F —
LOILEERE W ix, BRENBOBESHH M ILTH
BIEMEIC BT 3 & ) @O IEEF BCZEMRIT OB RS
HThHdrrs, b—F—HFBOHEEEL L TADZ
EWTESL, INEALE, 57 BITEE—F—Flo
FLERIREEIZ60°C L HEE NS, T B, EBICHWD
CRILEAYLEZE IO mm, £ 30mm ? a7 #IRE
L, ZNEFPFIZAN 0.5°C/min DWW - < N L 72 FiRE
ET—#HcmAL AEORE2BE L 72225, AED
FEEBIIAIREIL 68°C TH - /2. Westerly fEREHIZ DWW
T, Johnson &%, B&E 19mm, £ 38mm na7
WAL THIEHE 2°C/min LT HOEE 217V, AE D%
ERABEES 15°C Lt EL T3, $72, Yong and
Wangi3, HiE#HE#% 0.4~12.5C/min &R TZ&1b
SR TRBNER 2TV, AE OFABKIEEIZHIEE
Blzhrbbd 60~70C n#Eicd 2 LR NTn3, &
5SITILR 5193, Westerly BRS¢ KBIERENEE
30mm, £ & 75mm D) 3 TI2XT S MBERFT, »
FThoBsdd AEOFERBIBEIRSTC TH B EH
&1L Tv 5. Johnson &% Yong and Wang 13, HiE#
R CBEEIRPICIREDR T 2 b bBIG L v
ST TYH AEDREFALNLZ o b, AEDHAE
EEGMOBREEREDEVIC LY, SR TREICHK
N BREPEL DD THBELTWS, LId-T,
SENEEIZ BT S AE DEAERBIEZ, t—5—ILFLEE
WENEGDBREIHK 60°CIZ3EL, Z DS DY T
P e B DD e 72sb SHERIE 15,

—7%, Fig.3 28115 100 5L AE REHEE DR
Wi, ZoRHOSPEIroREEEFRL 72 Fig. 4
2B 5 106 05 & 5 LD AE BAHENO BRI
YT 5, HRAREO VT ADOBIERRPERKETHD
BHEOBED 6, 106~107 50 I ERARE I 2 5
t— 7 —FIEE P CRAYPBEL 22 L FHLLT
bV, Fig.3icBT % AEREHENSRIL, 28D
REICBEL TR EZ bhb, B, Fig. 3 % Fig.
4 %45 EBREOFEEL 107 5L S AE DFEER
ERTHDLY, TNLD AEBFH - TBHOREEICLD
LOTEHEL, TTRBELLBHROFEESICLIZLD
TlikZwhrEBbhs,

P bo AE MEfsREBET 5 &, 2oL, t—
& —ILIEBEER 0 FRID N s B OFREIZ LY
AEDRADIEZ Y, HRAHE I 55 £ — 5 —FLILEE
T T 7 ol BEOFEIC L D BRENT AED
BEHVELLEICHDLEVZ L5 SRIDERTIE, 255
>AND AEJEIZ & EDRH, ABEF v ANTH
EOBVHEX T BREREL E 27218, SBOBE
LT VML EREEBLONSTHEELSH ), AE
BB BIEINC & 5 BROBIEIC L LA L BT
HEEEbLNS,

(2) GEMEBRE

Fig. 512k L 72 T1-R1, T2-R2 ? 2 KD/ Y2 TH 30
G2 L ICHIE L 72 P GRS, EREMGE 1059 % TH
KL, ZOBBECAET L2, M) e—5—9LA
WD P IEE HOREKIZ, Paulson and King'97 JEAL
BRHETCLHREIN TS, k)L PEEREDR
KEMZEBRT 20 THEAS S 2, b—F—FEALTIHE
ELAifEN, AEicAbLNLeAL 7075y 7OFRE
PERETIERDY Y TEROETR, KGnFEFIZ L
SEBHSTEING, KB, —RcE L 2RERES
OEBERMINT 2 1 HEERBRIRLPERART (X
WRELRE) o7 2 PREEAENCKR T, &
Eo LRIy y FEPET T2 2 L rBEI N T
3. ¥/, BAOEBEE, <4707 Fy 7R
KTFRHES 7201 PEEEDWREY L 72525, %k
iz N7 v X ThHY, EBICAENGSICT
LRIEHRETH, BB PEEEFETIT L
BEZINTEY, —F, SEDEBETII L —F—Hnik
PMBAT 5729, t—F—IELNBREIMOTS LY
B> TIBENRZEL,Fig. 10IRL X it —
F—ILEAnEAIREERE, MHEFRE b ICERER
DL B EHEENOERY, BEERD={ 7075y
JOMER L5 L PHEENMAE L26T 2 LI,
Birch*"?ODB LRI BH 5N T b, Lizdat- T,
EBBEMERD PEEENHE AR, £ —F—IALNE



160

MDA OERIC L 5 PEEEOR ALY, RE ERRER
243 PHEEOHL LN SRR BbIS.
—7, 105 57 LI P PRENET I, ik oniz
D PHEENMAICHNTELICEETH S, i
106~107 oI FREOME I 2 6 & —F —JLfLEE
ICERL BHEOBBELEbNS,

Zonkoic, SENEBRTREL 72 PREEEZ, #R
HRIZREL 2B HRBE IS L 2282 R L
Pz, Lot~ THBEBEREDRER, ER»r LEBEEN

" BRENTE ZERTOERONENLERNER D

ALY, BMENERT 2 54T TORROWHENE
BRICLFLELBRAFEEBbNS.

5. #& &

—38 300 mm DAEFE DML HER T gy 7 2 HEREK L
L, itttk R—) v 7Nt e —5 —#BEL T,
b — 7 —EHOBES L RMIic 200C ER7T 5 & 5 i
L T 500C g Th# L 7z, koL, t — 7 —%
HHREED 350°C 12 L 2 EBRBME 107 Fic®EL, —
BT IR & & — 5 —ILFLEE & 2R B NEFUR D
i ERE R 2 B O BZAE U 7z, EBh, AE & Bk E
EOREZIT) & L bz, HEUKNEEOIRES S ORERE
LR BRELEE, UTOZ rMALe k-7,

(1) AE %413, b—ss—FIEBDENERNE
EEs# 60°C R PR U7z, EBRBIAE 40~50 &
LigE -7, 20 AE 0RBERBMBIRERR, MomREc
&N T TIHEI N T BTERE D AE FEBRIEE &
13—, ZOBRECESLYNIBEEREDE IS
&N YR TRz N e B LR 2 L HBIZ
5,

(2) be—9—FHREABLEEBET LA THELRP
WREE R, EBRBBBEALL. 20 PEEENR AR,
-2 —HEBOBEICHBIRIC & 2 EHEE T EH
L, @4 7u23v 70BELHERbRS,

(3) #REouiEEc, AE DORE BRI N
#mL, PESEERBELETERLA,

(4) HRENWHEE EFIEF, 1000C T 2A L
39, ZOBBULAI T 2R HEN A S Ik,
I, HEEPICHLTLIEBREL TR KFOBRD
HEYBbhs,

(5) b—F—fLicHkbiEVEAFTDIREHENL
WOCIELTCHSHRELRT L, ZRICHEET A
BFOBEE TR LBE LR EL L. AB0REL
FiZ, JMERESEREONMUICHE L CRET ZEMI AL
Nz, ZoBRE, BEOEGHNOBGEZ T T HHA
TEY, BAEPICBEL TWikarERICEEL, =
DERIZL DBV RELREEEZ LD LD

AH - JBE - KT - Bk

na,

(6) FRIEEROSEKNEEEDBEREL S B
N EHE Lz 25, b— 7 —IILES S OEMHIE
T EEEAD 1 SERMEIC N TH NS L, EB%
DBETEL b — 7 —ILOILESMCEREIG I & B RS
RS LENL -7, —F, Sk shEco R
FNEEZITITESEROTEREEIEL TE Y, #ER
EOBER OB E VR BbN 5,

(7) Blhs~7=zk oz, AEBRICLY, EANHO
BOBE) L BIEINCET BRI DWW TETOH - 24
Brgoniz, 72, AE MR EEDOHED, BIKE
TiBIT 2 ERONBFERTIERALFETHLI L
WAL E LTz,

B OBAWRRZITICHAY, EN)BEIFESE
&l BEEMEE, BrRRTERENRRIC, A%
TS E BRI WE, I RELTRHOEY
ET230ThH 5,

& F X B

1) SBEKRER  RIEAEBY = v I, 774X, 1976,

2) WERL -BK E-B% W GEREGONFNEE
DFFFR, FLERE, $24%, pp. 6 ~12, 1978,

3) EH H o —EEMHTICB AMEER O NRNES,
JREHE, 5528 %, pp.19~24, 1987,

4) FRHEZEART KRS | BIEE T Bl 2 5R 01 FE,
kL, 55 29%, pp.1221~1227, 1980,

5 ok FL- BIGERE - ATEA D BEROERICBIT 585
MR, HARGES £ 975, pp. 431~436, 1981,

6) LEFR— - H FE— KTEA- - REFEEX SETSA

DIERRE, BHFEE & OEKEEEICET 5 3CRGRE,

JGHME, % 29%, pp.242~253, 1988,

KR - TSR - Bk BT L SEESEA

DBIRICBT %R, BRI LR, 8245, pp. 13~22,

1978,

8) KTFEA - AFESEH - HI—F | BAORiEEHE L #
Wz & 2, PSS U EERHECET S
R 7 LGREARCE, pp. 181~185, 1982,

9) FH FE-&h B-ekRZ-WRFEEZ AEICLS
ERRREEEERICET 2 BRER, IAFSWHE,
#3765 1I- 6, pp.141~149, 1986,

B.N.P. and King, M.S.: Betweenhole

acoustic surveying and monitoring of a granitic rock

mass, Int. J. Rock Mech. Min. Sci. & Geomech. Abstr.,

Vol. 17, pp. 371~376, 1980.

Majer, E.L., McEvilly, T.V. and King, M.S.: Monitor-

ing an underground repository with modern seismo-

logical methods, Int. J. Rock Mech. Min. Sci. &

Geomech. Abstr., Vol. 18, pp. 517~527, 1981.

Majer, E.L. and McEvilly, T.V.: Acoustic emission

and wave propagation monitoring at the spent fuel

7

=

10

=

Paulsson,

11

=

12

=



AE &AL BEGREERISE I & 2 RIS T 0 v 7 ORIKIREE) OBR

13

14

15

16

=

=

A

=

test : Climax, Nevada, Int. J. Rock Mech. Min. Sci. &
Geomech. Abstr., Vol. 22, pp. 215~226, 1985.
Johnson, B., Gangi, A. F. and Handin, J.: Thermal
cracking of rock subjected to slow, uniform tempera-
ture changes, Proc. 19th U.S. Symp. on Rock Mech.,
No. 1, pp. 259~267, 1978.

Yong, C. and Wang, C.: Thermally induced acoustic
emission in Westerly granite, Geophysical Research
Letters, Vol. 7, pp. 1089~1092, Dec., 1980.

Ehara, S., Terada, M. and Yanagidani, T.: Thermal
properties of stressed rocks, Proc. 5th Int. Cong. on
Rock Mech., pp. E137~E140, 1983.

LERR - 015 k- FH Fm# - wEice i)
KEfREZD AE & RBE, R, $35%, pp. 490~
495, 1986,

17)

18)

19

=

20

=

21)

161

WAL - AR E . BIASAOMERESEEICET
L —EE, LRI, F29%, pp.132~140, 1983,
BIE A - HEETER 7 7o JHREBICE TN B KRS
EADWEEEEIC RITTHE, ORRELL £ 2%,
pp. 73~178, 1986,
Birch, F.: The velocity of compressional waves in
rocks to 10 kilobars, part 1, Journal of Geophysical
Research, Vol. 65, pp. 1083~1102, 1960.
Birch, F.: The velocity of compressional waves in
rocks to 10 kilobars, part 2, Journal of Geophysical
Research, Vol. 66, pp. 2199~2224, 1961.
ferFE—  EREM - HITRHE | B A AT 258
218, BAREZEsEE, £ 98%, pp.927~932, 1982,
(1989.7.18 - 211)




