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The Effect of Cracks and Water Saturation on Attenuation of
Longitudinal Waves in Granite

By Tsuyoshi KANEMA
Department of Geophysics, Faculty of Science, Hokkaido University
(Received December 20, 1976)

Internal friction(Q™!-value) and bar velocity (V. ) were measured by the longitudinal
resonance method. The compressional velocity(Vp) was measured by the pulse transmission
method(l MHz).

The crack density of specimen was controlled by the thermal stress. As a specimen
has been hbated, the thermal stress, caused by the anisotropy of thermal expansion coefficient
of the crystal axis of composite minerals and the difference of thermal expansion coefficient of
different minerals, brought about micro fractures. Acoustic emissions caused by micro frac-
tures werue observed and counted. Four specimens were heated up to the various tempera-
tures. Each specimen gets different crack density after heating. These specimens were used
to investigate the Q~!-value dependence on the crack density and water saturation.

The average shape of cracks in the specimens was estimated by comparison of the
results of Vp and porosity measurements with ESHELBY-WALSH theory. The average shape of
cracks 1s represented the oblate ellipsoidal crack that the aspect ratio is about 1072 and the
length of the long axis is a few millimeters. The wavelength of high-frequency waves used in
this experiment is larger than the crack dimensions.

The Q-value, V. and V; decrease with increase of crack density. The Q-value and V.
of dry specimens are 390-420 and 4.0-4.2 km/s, respectively. Those values of the most cracked
specimens are 190-200 and 2.1-2.3 km/s, respectively. The mechanism of attenuation of dry
specimen is attributed to intergranular friction. The Q value is sensitive to the interstitial
moisture in the specimens. The mechanism of attenuation of water saturated specimens is
attributed to viscosity of the interstitial moisture.
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Table. 1

. Porosity \ Vuw Temp.
Specimen | " (o7) (km/s) | (km/s) (°C) N
N> 3 lo4-05 54401 | 42201
No, 1 0.8 5101 3.6x0.1 330 160
No, 2 1.0 514011 30£0.1 390 500
No, 5 1.55 48+0.122%0.1 520 3,900
No, 6 1.25 5001 )| 28%£0.1 470 1,980

Table 1. Result of porosity and compressional velocity

measurement.

Tem. : Maximam temperature of heating treatment before

measurement.
N, : Acoustic emission number counted during heating.
V» (ay: Compressional velocity of dry specimen.
V» (n: Compressional velocity of water saturated specimen
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LHIEL LT oEZLNS, RUREHC DT, BiTH - 316 (BEMHER) IS VSIS HIC L S
WIENOBEOER - BB/ Thb T3, 2L b L, SRNEBRDOMEIRE L 520°C LT
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Table 2. Result of Q, V, and V. measurement of original specimen and thermally

cracked specimen.

Temp. : Maximam temperature of heating treatment before measurement.

Q : Internal friction
V.  : Bar velocity
Vp  : Compressional velocity
Table. 2 Original specimen Thermally cracked spec.
Specimen Q \ Vo Temp. N, Q \ Ve
(km/s) (km/s) (°C) (km/s) (km/s)
No, 1 290 + 10 3.05 4.1 330 160 | 230 + 10 2.15 3.6
No, 2 290 £ 10 3.15 4.2 390 500 23510 1.98 3.0
No, 5 310 + 10 3.05 4.1 520 3,900 | 180 £ 10 0.96 2.2
No, 6 300 £ 10 3.05 4.1 470 1,980 190 £ 10 1.35 2.8

SZEdiREmMm A —F—iih b, EBRICELLZ 77y 7OBITBBIL TR L Y 2 EE

2o dire,

T 7Ty 7oRBOFRERTLOTH S, Lok ) Z#El:, SHNE

BOBEHH TRIENIC L > THEL 27 T 7R PR ROHBEICIIG T 2 HEKEEDE 7
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BL T, BOELOFREZREIZA
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m—-2 77y 7o8mE, Q,
Vi, Vp %L

Table 2 Iz o 3K & BB S
&oT7Zy 7hmL 2z EHZ D
WTNHQ, Vi, Vp DPIE#HRE R
T, HIEIIENE= 0 NFLENHFER
Tha, Fig, 513FH0H (Ny) &
Q, Vi, Vp DBfE % RY, Ne=0
B3 4 ADTTORKDED T TH
5. THRKNQ, Vi, Vp 12 £ 2280
~310, 3.05~3.15km/s, 4.1~4.2
km/s D &Iz H 5, 2 DEID,
TXT 7 Z 7 OBIMAE - THL
L, Z0EAPHEREIZERTL L,
77y JOENFEL B T

< [\,
?

200fi .
4 I —
(kmlf(;' th ; ‘
e o8 s
0% ¥ Ve i

300

4
N (x1000)

Fig. 5. Q, V. and Vp versus Nk under dry state after
heating.

V. bar velocity

Vp : compressional velocity

Nk : acoustic emission number
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V. Z 2 Tid WALSH (1969) 12fE > TQENZELZ E 2 5. QENHIEIIBOHHRENC >V
sn, #wrEbsEEE Vo=yE TELENE. - THES N2 Ql, MEMEER LM
2 TQ'=2V.V=E*E (E* R HEROEMES) L Fb¥ D, WALSHIZ, ~=—He)
77y 7 FUREOEREE B EMK, K EEERME 4, 1 28T w5, SEHEEY
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W) o
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Fig. 9a. Ratio (Qz") wer to (Qz')ary versus

Fig. 9b. Ratio (Qp )uwee to (Qp ary versus

aspect ratio with parameter of porosity.
Qs! is internal friction for bar velocity.
(Qe Due: is the value of air saturated spe-
cimen and (Q: Y4,y is the value of water

aspect ratio with parameter of porosity.
Q,! is internal friction for the compres-
sional velocity. (Qp ")we: is the value of the
water saturated specimen and (Qp ')4sy is

the value of the air saturated one. The
calculation is based on WALSH’s theory(1969).

saturated one.
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