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D. S. Hughes and others have recently measured the velocities of
elastic waves in some igneous and sedimentary rocks under the condi-
tions of elevated temperatures and pressures, and their results are
given in several publications. In one of their results®, velocities both
of dilatational and rotational waves in marble are tabulated as the
function of pressures and temperatures. Table I shows the values of
pressures, velocities and temperatures after Table L.
them. T

In a previous paper?, the author calcu- - oC | 2%
lated the mean velocities of elastic waves in
marble at 20°C from the known values of
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elastic constants of a caleite erystal, assum- 118 gggg %g%f
ing that marble is a polycrystalline aggre- 345 | 6250 = 3104
gate of calcite crystals only and that the 18‘;2 ‘ 22‘3,} %%
crystals are oriented equally likely to all %ﬁg 31 gggi gﬁ’g
directions. The average velocities of dilata- 3100 ¢ 6665 3209
tional and rotational waves can be calculated g}ég 22%8 gggi

using the following relations, - ! b —

v,,=(—i“)”2 and z_;s=(i“)m respectively, where C;;, and C, are mean
elastic constants, and are given by the expressions

Cu = [ 8Cu+3Cu+4(Cu+2C.)+ %c] ,
and
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1) D.S. HUGHES, Bull. Geol. Soc. Amer., 61 (1950), 843-856.
2) D. SHIMOZURU, Bull. Earthq. Res. Inst., 33 (1955), 70.




74 D. SHIMOZURU. [Vol. XXXIII,

Then, assuming that (:‘u=13.69><10“dynes/cmz, (f'u=4.56><10“, Coy=

7.99%10", Cy=4.51x10%, €, =8.42x10%, C,——2.08x10" as in the
previous paper, the average velocities become

. 611 1/2_ - __ C—"u 1z o
vp=(—") =6609 m/sec and v,—( 2% ) =8904 m/sec ,
P P

assuming that p=2.715 grjem?.
These are the theoretically computed velocities of marble from the
known elastic constants of calcite crystals.

Next, we shall consider the effect of hydrostatic pressure upon
the velocities of elastic waves. F. Birch® has given the velocities of
elastic waves of an isotropic medium which is subjected to hydrostatic
pressure, using Murnaghan’s theory of finite strain. According to him,
the dilatational and rotational waves are calculated in very convenient
expressions in terms of strain and Lame’s constants as follows :

v =(1=2e)"[A+2p —e(112+104)]/p ,

vP=(1~2ef" 11— (31 +4p)]lp , O
and
— p=(1—2¢)"e(32+2p1) ,
where € cinenne Ceeeeee. strain,
O 7 S Lame’s elastic constants,
D oteeeninnanennns pressure,
Vp veneennncnnes .. velocity of dilatational wave,
Vs eenenns vesese.. velocity of rotational wave.

For the purpose of comparison with laboratory measurements, it is
sufficient to retain only the first powers of ¢ or p. Then the approxi-
mate expressions of equation (1) come to be,

) , 131+14/1i|
S [ L A
or v”"[ HETRI PR
) ) 32 +6/1]
= - 1 £~——‘ ’
Vs ”s”[ My 2)
and
p=—¢e(32+2p),

where the subscript zero refers to the state of zero pressure. Equa-

3) F. BIRCH, Jour. Appl. Phys., 9 (1938), 279-288.
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tion (2) gives the velocities of dilatational and rotational waves as a
function of hydrostatic pressures as tabulated in Table II, where v,

vo and A, ¢ were taken to be 6609 m/sec,
3904 m/sec and 3.58 x 10" dynes/cm?, 4.14 x 10"
dynes/cm* respectively. The theoretically
computed velocities as given above, as
well as the values of laboratory measure-
ments by Hughes are shown in Fig. 1 and
Fig. 2.

Table II.
P(bars)‘ V (m) | V (m)
0 | 6609 | 3904
1000 6624 | 3913
2000 6639 3922
3000 6655 3930
4000 6670 | 3939

It seems that theoretical and experimental values agree pretty well
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Velocities of dilatational and rotational waves
versus pressure, after D. S. Hughes.
Description ; Danby marble, Origin; Rutland.

when the pressure is above
2000 bars. For pressures
below 2000 bars, the dis-
crepancy between the theory
and the laboratory measure-
ments is great. This dis-
crepancy may be attributed
to the pore space between
crystals in the measured
specimens. Owing to the
existence of pore space, the
velocity of dilatational wave
at ordinally pressure must
be much less in laboratory
measurements than in the
theory, in which pores are
not taken into consideration.
As the environing pressure
becomes large, such void
spaces tend to vanish being
accompanied by the large
increase in apparent elasti-
city. Therefore, the velo-
cities of elastic waves
increase in consequence of
vanishment of such void
spaces. Above 2000 bars,
pore space seems to vanish
completely and the compres-
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sion of calcite itself begins to set in. In other words, agreement
of velocity of dilatational wave between theory and experiment above
2000 bars indicates that crystal grains themselves are being compressed
in such manner as assumed in the theory. ;

As for rotational wave, the propagation velocity obtained by
laboratory measurements is much less than the theoretical one. Theo-
retical value, however, does not assume the effect of grain boundary
such as cited in a previous paper, whereas such grain boundary is
considered to affect the propagation velocity, especially in the case of
shear. In the author’s opinion, the reason cited above may be the
cause of the discrepancy between theoretical and experimental values of
propagation of rotational waves. The tendency of increase of velocity
of rotational wave due to the compression of composing crystal when
the pressure is more than 2000 bars is quite similar to those of dilata-
tional wave.

N.B. According to the personal communication from Assist. Prof.
Y. Saté6 of the Institute, large increase in veloeity of laboratory
measurement at low pressure does not seem to be merely due to the
effect of disappearance of void space. His opinion, based on mathema-
tical studies, is that the effect of void space upon the velocity of
elastic wave up to 2000 bars is much less than that of laboratory
measurement, accordingly another mechanism such as fissures, in addi-
tion to the above-cited effect, must be considered for the interpretation
of large increase of velocity actually observable in the experiment.

I express my hearty thanks to Assist. Prof. Y. Saté for his help-
ful criticisms offered me.

6. ANFFEOBPEICES 2 — b
E: et /T S I N

it Hughes —yRid, #2INNT, i, TR QL 2 (213 2 Pk OB % 35 L
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