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Study on the Frequency Distribution of AE Amplitude
and the Fractal of the Crack in the Fracture Process of the Rock.

Tadao IMAI’, Fumio SUGIMOTO", Naoto KAMOSHIDA", Shigeru YAMASHITA"

Abstract

It is well known that the frequency distribution of the earthquake scale shows straight
relation on the log-log graph. This relation is considered as the Fractal of the earthquake scale
at present. The Fractal is seen in the general fracture phenomenon including an earthquake.
But, the relation between the Fractal and the mechanism of the fracture is not made clear.

In this study, the AE in the fracture process of the various rocks was measured and the
frequency distribution of AE amplitude was examined about the Fractal. As the result, the
characteristics of the AE amplitude distribution changed by the scale, but the Fractal dimen-

sion of the crack distribution proved that it didn’t change by the scale.
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1.Personal computer. 2.Digital controller.
3.Loading system. 4.Load cell. 5.Strain amplifier.
6.Amplifier. 7.High pass filter. 8.AE wave monitor.
9.AE measuring system. 10.Rock specimen.
11.AE sensor.  12.Displacement transducer
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Fig. 1 Schematic diagram of uniaxial compression
test system and AE measuring system.
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Tablel Mechanical and physical properties of rocks.

Items Unit Kurihashi granite Kim achi sandstone Ogino tuff
Compressive strength (MPa) 132.2 38.3 54.5
Young's mod ulus (GPa) 51.6 13.3 1.4
Poisson’s ratio 0.21 0.29 0.27
Porosity (%) 1.36 20.28 26.07
P wave velocity (km/s) 441 291 2.90
S wave velocity (km/s) 2.67 160 161

BRQHE-ETRIENS, 750 FIVKRTD &
nb IXFEL W,

D=nb

U72-> T, MBREICH L EYin 28R 52
EIZXD, WEBOBRERNIHNS T I F I RILE
RDBHZENTES, EFEL, INETOWETII,
b=1EBEOHELMREINTVWARVWED, n =2
ELTWBHAENEN. [k, AE#REa & M, 13
EHoBERH NS, R(2.13)ZHAVWEZ &I
£ TAE QIR HENS T I ¥ IWRITLERD S
CEMTES.

AR TIE, bLROERNIS, AAKEICIBITS
AEOIRIEDMZHE L EERD, BEREE 7 5
T NEOBEBRIZTDONTERL /-,

(2.15)

3. BERD—HMERHRICE(TSAEEHR

3.1 RBRREBLUAFZE

AERTIE, SEEOEAZRKE &L T 8L
WX OBES Y, BEERIIBIT 3T R TOAE %
LU Fig ICEBREBOHEKBRZ T, AGAR
Frid, #&nrad5iE (MTS, 315) kb, —#0 T
HIEE (104/s) Ta>bo—ILL, &k - BT £
BRUTHEIYZ. BAMIZE, dgL75564
BHOVEEREEICHL, XU DK 50% OREZE
ff - BREFL, KEMS 60%, T0% & 10% T D& AT 7
BaBmIeians, ERUESE - BR&HL, 206
BZ2BEICBsETHRELE. 2L, BRABE
T, BEHMEOETRALE.

REH I3 RIBAE = > ¥ (DUNEGAN, S140B,
120kHz) ZEHZIMT, iR U8 - BREBRETX
DAEREZMELZ. LU WEELLZAEESIR
7 7 (NF, P-62A) T200~ 500 fFICEE L,
100kHz DNA /XA 7 4 )V % (NF, P-85) T/ 1 X
ZRELZDOL, AE GHHI%&E (PHYSICAL
ACOUSTICS, Locan320) IZ A1 L7=. AE Ztifji& &

TiE, AE#RZ U 7IVE A L THENTUAE kg% 0
F—yERGELL. AEOREICH> T, /1X
EAEZRPT B0, KD/ A XL VKDL
BLLEWEZZEL, LEWELEDL)VDOIE
BZAE L UTERILZ. £/=, AERIEEDBFHTIC
Hlz-oTE, LEVWEZBAZAERBIRAE N
EE, RAMNSHLHEHEAICL EWELLTICEEL
FWEELIDDAEREF EALL, ZORBICBITS
BRKEOKIEZ AE #iRigfE & L /z.

3.2 EEHH
SEOERRTIE, ERALIEL T, BEHRERAE Ca
FREAWE), KA (BRERENTE), KEF
BIKE BEEEBNE) O3 AEEHWE. Tablel
WENTNORBIEAOKBEYMEMERT. FHEE
A, SO TFEREN 1Imm BE T, EEIC3s
ERICEAZIERMBBEICTEINS . REER,
KIERNSEELERIKEEOR T2EEL, F
R 2R30.76mm THEWHR O AETH S, K
BERAEL FELUT, EX0.1~0.5mm EE DM
BKWA T AR NS0, ZOREIEHALBE
DR ML T 5.

£z, ~EHEHRBR TR, ThThosazmE
R (EE35mm, EX70mm) ORBFICERL, &
BRICHWE.

3.3 KBRS

Fig.2(a), (b), (c) &, TNENEHEBLEHE, K&
WA, RBEKAICDOVWTO, #0ERUERE « BRHE
RRICBIT BN EAE OBBEBLOFZ KL TV
5. o743, BENCGARRRE, MEicthBIY
AEHIEZ &0, 0B LEE - BREAROS N E L
ERBPICRELUZAEREMEEZ Oy M LE. 2 Z
T, AE IR, RAHKEHEa &L EWiiag, D
afa, TRUMEEIZRLZ. BB, VI T7HDRY
RO 1IDOAERELZ R, ZAEBNNIE



Akita University

EROPIEBRIZBIT 5 AERBEESH E SN T LI I NEIZONT 15
E‘SO-lIIIIIII'I!llllI.IIIIIIIIIIIIIIII.I]IE 102’;5 ’850 -IOZAﬁ
% L (a) Kurihashi . 3 a ; %s

B - §40 ] =

g R K= | °
$100 - {1 % @ 1 %
& T M 2 30 g
5 [ 4103 3 H10' 8
o i 3 2 @ 3 =
5 50 B 1 = 2 1 =
g0k ] & ' ] =
qs.‘) B g8 g _ g
2 © g &
E 2 £ =
S 0 10° S 10°

0 100 200 300 400 500 600 700

Elapsed time  (sec)

Fig. 2(a) Fluctuation of AE amplitude ratio
for Kurihashi granite in cyclic
compression test.
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Fig. 2(b) Fluctuation of AE amplitude ratio
for Kimachi sandstone in cyclic
compression test.
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Fig. 2(c) Fluctuation of AE amplitude ratio
for Ogino tuff in cyclic
compression test.
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Fig.3 Photograph of rock specimens after uniaxial
compression tests.
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Fig. 4 (a) Amplitude-frequency distribution
of AE for Kurihashi granite
in cyclic compression test.
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