22 A E 225 HEAZ 2 3 DSOKEB RO SR X 5 — X 2,

B hRBIZERT 07 ¢
n ExH HH #
NERFIRH ESE A% B5

" E£AR  #hxk #

1. dUoic
KEBHREMBLERHA*HBLUTEHOBELRELHOTEHICL 94 0FRICHBZ L EN
THoH. BAETH, HBREHNOWNEXHREKRBU AT LAOPRERT ALRHEEORR A HE L
LTHHEAEHh, BORANTHEBESED SR TV, HEMSOKEHBORRICEZL. A
WEIBRY BB KXY RE UBNERHKERT S AMCGERT 2 EhTER. ULALRASL, KE
BHILLP2BBORBLLEBOA N ALK DVWTRAERED S W,

TR, KEMBESICRETREOBBOBBICOVWTRET 2720, EENOB/NRIRICHE
STRETBI7I-ARFq4v 7 -T3yvay (UF. AELET) KEBULEENEREITY, A
Enfei (BELH. RAEMK. REEE) 2o EREAA XA O2VWTHET 3.

2. ERAH

ERICHEZKHEOZ I UNNEBREEET AWMELEREO 2EBEHVWE. BB —DoREH
200mADLAERT, BHEILCELOmOA:HIFAERHAL L, AHNOMERMY (Bx3
Om) OY—WERRFa7WNyH—5,Fv, #AKEBce/ninDHBTHEALE. H— 1ILKEBR
HBRELAEHWMO AT LOTuy VEERLEDDTHS. AEEVH—ICIE5 0 OKlizlc ¥ —2 %

Ao BEBY(NFRHOO04DH) 2 16MAVE. SV —0OOENESIL. WERIEE

T40MBYKELEL. 8Fv V3280 —A oy Hd (AEZI600) #NL. B
TRELEAEDAFAI—TAEY (AE9620) KEMEh3. 209z —TAEY DML
10y h, BEAR2MASL A, AHIAATHEO. SusecTRANTY FI L L 1lmsecTHB.
DUV —TARYR1IFYr RNVOTF—4BEIkT—KELT, 256D AE %Mk L TG

T&5, —FH. BY8F s

Y YRNVOESEIIOY eos00 | arvezs .
r—72x2%Y (R390) #1 L = I

WKADZhEFEALYN AE w2 PC-98XA
AE0600 AES620

REAEF— 2 25ZKRN

AE&vY

—
D__‘ E; 2 "2
—KF4 AT KERT 5. (] e ] o 6307
tf:‘bs -7‘:_&%3%‘:{3# M i 1134

57y ha4aren [ e

..dT'

LR ERFCNET —E_EEJ_
§

ELAEF—30OHIEY
T—TAEJYUAES62
0L WAT1IHTA EA
A B—1 KREBHREREIUHEY AT L

16 RIBO #2

—106—



3. 7UOUNRBOERER

7O UNVRARB TR, KEBHBILE
Zihe BT Lle Lz Eox=2
Skg/of. oy=4 5ke/af® 2 il

DRETKERREREF o2, % P T ———

. MERMEPBROET 2 UV Bresk Down R
Vp=2. 75~2. 7 B8kn/sech 400

B H Y. R —REOD  ©

DErVWx b,

3.1 AEODOREHR

-2 (a) BAEDORIFEY
RwULELDOTHB. ZOHITEKE
M3 7 2kg/ADIEILT VY IVIZA
HARHLC., ORBICHERLEED
AOEMBLEL EHKRERAREIC
BFRLTWS. B—2 (b) KM
KKIEDIAEE, /. B (c) KK
ZOBICHMEhEZAEORMERT. RMH6H

PRESSURE (kg/cm®)

ik I, AERRBMBLNICEERE |

LTHHT. REBEIFICEEO AL BRI

RAELTIEBERTLTWS, BRIV ZEMED |

BAHIWCKAT, AEOREREEBR AR, &
2. AEOMGIZERAKE <, »DIRERER IS
WABENZ b, REEShEEBZRIVX¥—iT
KEW, ThbHE 77U NWEABERVEKERR
KEB2AEEROBBL UTHITHZLTE
5,

3. 2 AEQEBENH

SHOERTRASy A—OHNERWE TS S
ZrlikY, Hl2ECbEYREEREREES

300 -
200 |-

100

[}

o v 2 s
TIME (min)
H-2 KEOEHZE:REBRIFIRELEAR

a
' PLAN VIEH l._'x ELEYATION VIEW
F B = <

1o
DISTANCE (CH)

1

PRESSURE (Kg/cm?)T"°

TIME (sec)
H-3 KEORNE(LLAEDBESN

ZENTEE, ZOOLRBEOBENH->THAELVELOEMOAEOREERE L. BREEILE
PRYBBREL 2R WA, HEABIEREEDARELRVELAMT I IKE Y., EHRE
O-FFEFHLIIBFEERERDZ2DDTH 3. AEOBFEME (OH) 2WESENI»SRDE
BEOWK WWES) LrdItH-3 (a) KRd. NOEMAFERE. A4y = 0 Kiific &
LEREDHETHD. . HPOBSEE -3 (b) CRIBRICHELTWS. AL LM
BREOWK. AEORANB BB RHEOBAER LTI V—FERLTWVS,

3.3 AEOREBHRE

AEDPHPSHOWMBARERRZZ L&Y, AERLOBEBOFRR LR -28FHDAH X
LEHETDIILHFTES, HEORBAMICE I Z2HERICIAE, SIBBYBBAECEES. B
NRE—V B3I RTOETHBHOFASREL (BEISBEEIHEHM) 2RIOICHL. EAHBEED

—107—



BATRBFLDIENIEE (WMBOFRANFBFIGET L HRAD)

DHEETZ2ZLHAABHT WS,

B-4dF- 2RI BB TRELVLEAEDL~10®Y
HRBT 2B LOBHBERLELOTHS. EEL. 6
LTV »LDESETF—FBEMIC A TIVARE L=
EHEBLTHS. AMIKSVWTZAERYB OB %
RLEHLDT. WBOH T EAEHNEE (D) . FThREH
L (C) THdD. MEYPHWBOAH ML, SORPERER
BLIODEVHDSMEDFEMETATHLOARER
LTWwa. 2ad, AERVHOBRRIATORY S 2RH
DREICEEL. DI—FOHMIKREREYUTIZ LICK YR

I

SRl
I
< I

BLE. ARICBRYIBOAEDBTIRTHURIOSARLT i
ol TOZLIB. PIUNNERMOBE. KEBHRICEK 5’—~—’wm1” Alm[
YEIRUBOBESE U EZ L FAE QRN Y —U DR - o
s LTI
\ NN

4. ERERBOERER I
GHRWEI SO, BEEREOP RARETHT 5L o \ H ﬁ \ H \ \
4, 22m/secBETHIN, HAMICLIUYBAS%EBD \ IS AU
RA5%%:bvo. —_ - - :
S
B—-5 (a) , (c) WAKEDRERFE(L L BB A R I3 HIEILEHELIILL
WMEHREZAELERLELDTH S, HM-4 KEMBTREUEAEOH

CDERTHKENL 3 3kg/ ald
BRICRBAECEN. AEEEE

HDBEO0~TO%EMSRELHED,
RABERICEBABRDIERICRY,

FOBRBIETULUE. £, Eh
S LMK I, AERREBH
IS W THHBWICIIREET.
H4DAEERBMTE 3T O
MBEESWTRAELTWS., X
GEORB BRI VBTS2 R
HUEAERLEKINEL, 720
WREOBAE O BRI R
SAEDOBHUWRARR S KW,

¥, M—5(b)IcRShBESIC.

BAHEBREBEENTDPZPMETL
Twd. UENERERBICEITS
AEDRAKRAXNOBEMTHY. zh
PETEREDBET I U NMILHAT

o

a

62.6ms

V
150

=
2
_3)100
1w L
@ so
D
w0
v o | ) | n I
w Q 1 2 3
oy
& TIME (min)
-5 KEOERKELLBHUBHICREULEZAE

—108—



RN EL., RS YEBLELHE X " PLAIL Y1EN

na. _ o

4.2 AEOBEST %° : % 8 g0
BEOx, v, z&FATPREAEIRESED. B | w@ g——m;ﬁ?———

AR AEORIEEER LT > o KRTREL || G% Iy e
EAEDS BBEAREEICEAEORBENHEE -6 | [ .« L_Hz

KRS . BOLEEMAREE. 2k, £FMeAEME, — T e e

L XELEYATION VIEN DEPTH (Cn3

ERERY=0LX=0MmIRELEREHNHTH 5.
BicRTAEQOBFEAHEL Y, BREEENMEFHBRSAO
SHO—DODHAHERLEZLADNMS. AEORRE | 3
S B HES LB REOMES FIE, KRETHICR gt
RUEI7OBREAHSHBEhERBOSHE XV—3 | ‘
EiRLEz. ZOZLRKERBRTHBREhEZAEORE - , .
BAREWAET 2 LT, AEK LBy EV I HBHTH DISTAICE (CH) *
W BHBETHIILERTLDTH S,
4.3 AEOREHM
AEDREBHBO—HEE - 7IRT. BARIZMU(
BA). TIE (HA) EPW (EEHE). T (EBD) ¢ courression v
LrbBHRO FLRICSHEETHELELDT. o paration
H-—6IRIBEITESEILTEL. 22X ok
BoOEITMEFYMICEITTHAIATO BEOHTH
BiBTH2. 2OEI. SEHOERTRHME hiY
ARTOAERHEANBEA S Ih 2 MAREDPL
FlERMERL. 2ETHRHOFAAMUERTAER
Ruiizhiadhs iz, ZOMREXURBIGREICHE
RAENFLE Uieho22 b KT aL, ERED
ESULBAEEETI2HATIE, KEBHRIC K Y EAR
MOBBMALELZZLAWS ML,

-z

B

M—-6 AEQBESTM

H-—7 AEOFRBEM

5. ¥t
REOKERBEMBET MR T, BRBIEFIRY
B YRATHELEATEE, UML., ThETRITDhERATOKERMTIE. Hillchi
AEDSBIBVBBIKERTZ2DORBLAT. BLAYXODOREANBBICE S Z L HEEER
BAaLRENTWS, ZOHMBL LT, REOERTRIGHIRECERORGF R Y i, HBT
ADKDBEDOHEBAKEVWEDLEDRS, Z0kD. KERMREERETHEORBOBE
PRETAHMNTEARREERLUE. 2ORR. EBKEO7 2 U URHMTIRERT Y BRILEIHE
VB X VBRI EOKM L, BhkMEETIERMEOS S TRAR G EANBBICX > TR4E
LEZLAAEORBHEISREZHh, REAOBBNKERMC X 2HBBMRETHEEDORE
W EABRBMSHEL MRS,

BWEE . FERUBLTRABRFATIENOERERECTHRTOBBHLEHEEHYELE, 2
TIRRLTHBERLET.

—109—



(22) Mechanism of hydraulic fracturing inferred from acoustic emission

Shunji SASAKI, Tsuyoshi ISHIDA
(Central Research Institute of Electric Power Industry)
Hideo KOBAYASHI, Isao MATSUNAGA

(National Research Institute for Pollution and Resources)

Laboratory hydraulic fracturing experiments of acrylic resin and granite were

carried out to detect the acoustic emission (AE) events associated with the

failure and clarify the fracture mechanism. 16 AE sensors were mounted on the

specimen and full wave forms were measured with a transient recorder.

The resulte of this study may be summarized as follows :
AE events in acrylic resin were primarily tensile failure in nature as
inferred from the radiation of the first motions. On the other hand, the
focal mechanism solutions showed that all AE events in granite were caused
by the shear failure. There vas no evidance of the tansile failure in
granite.

This result suggests that the process of the hydraulic fracture is strongly
influeneced by rock permeability as well as the stress condition.

The pattern of AE events in acrylic resin and granite was remarkably
different. A single predominantly large AE event occurred and no AE events
followed it in acrylic resin. On the other hand, events began to occur
preceding the failure and AE events occurred successively following the
failure in granite. In the case, predominantly large AE event was not
observed

The location of AE events almost agreed with the actual path of fracture
obtained using overcoring. Therefore, AE method is very usefull for

monitoring the process of the hydraulic fracture.
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