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Abstract

Variation of the ultrasonic velocities of granite in the process of defor-
mation and fracture caused by the axial compressional stresses was observed
under high confining pressure up to 5,000 atmospheres. At the initial stage
of deformation, the velocities increased with the overlapped stresses, then
reached the constant value in cases of both the axial direction and the
transverse of it. In the facturs range, however, the velocities of waves passing
through in the direction transverse to the axis remarkably decreased with the
progression of facture, while such change of velocities was scarcely observed
in the axial direction.

The tendency of the velocity change as stated above decayed rapidly with
elevating pressure. Then, these phenomena can be explained with the assump-
tions of pores, closed initially and extended by pressurss or stresses at the
fracture stage, the same as the increase of sirength with that of pressure and

the extraordinary stress-strain relation reported in the previous papers.
Introduction

In our previous experiments on the mechanism of deformation and frac-
ture of igneous rocks, we resecarched that the rocks had the extraordinary
values of Poisson’s ratio in the fracture range caused by the axial compres-
sional stresses. That is, the lateral strain increases abruptly with the increase
of the stress in this range, and the tatio of the lateial strain to the long-



itudinal is far beyond 0.5, suggesting that the volume of the specimen in-
creases with development of fracture, because the longitudinal strain varies
almost linearly. Under elevating confining pressure these phenomena gradually
disappear with the increase of pressure, and over two or three thousands.
atmospheres they are scarcely observed.

On the other hand, the strength of rocks increses rapidly with the increase of
pressure, but the rate of the rise of the strength has the same decreasing
tendency as of the variation of Poisson’s ratio in the fracture range.

These properties will be the characteristic of igneous rocks, and can be
elucidated by a large number of pores contained in the rock specimen which
may act like “‘the Griffith’s cracks” in case of fracturing. The volume-increase
at fracturing can be interpreied with the assumption that the progression of
such pores or cracks produces the accumulation of a bulk of cavity. The
increase of strength with that of pressure can be explained by closing of the
pores.

It has been clearly explained from the experimental results by F. Birch?
and D. S. Hughes® that such cavities orig'nally contained in the rocks have
a remarkable effect upon the elasiic wave velocities of them under pressure.
The influence is stronger under a lower pressure. On the other hand, it has
been reported® that the variation of elastic wave velocities of metals caused
by the plastic deformation is within the limit of only one per cent.

Then it is expected that at the fracturing under a relatively low pressure,
the velocities of rocks decrease appreciably, for they have also the considerable
bulk of cavities produced in themselves. Yet, from the experiments of the
strain measurements, it is supposed that this decrease must be remarkable in
the direction transverse to the applied axial stress, though the velocities of
the axial one may scarcely change.

F. Birch has also suggested that the factors having influence on the seism’c
wave velocity in the crust are pressure, temperature and the mineral composi-
tion of it. The rise of pressure increases velocity, that of temperature de-
creases il, and the increase of the composition of the basic minerals strongly
increases the velocity in general.

However, under the pressure which can not perfectly close the pores of
rocks, the applied differential stresses overlapped to the hydrostatic pressure
will be able to affect upon the wave velocities, for. they can close the pores

too.



From the above viewpoint, we studied the variation of the elastic wave
velocities of granite in the process of deformation and fracture caused by the
axial compressional stresses under moderate ‘confining pressures up o 5,000

atmospheres.
Experimental Methods

Fig. 1 shows schematically the methods of ultrasonic measurements of
rocks under the axial compressional siress combined with high confining pres-
sure both a) in the direction of the axis and b) transverse to the axis. The
high pressure equipment and the full sketch of the triaxial cylinder for this

experiment were shown in the previous paper.
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Fig. 1. The schematic representation of the methods for the measurements of
the ultrasonic wave velocities under axial compressional stress combined with

high confining pressure, a) in the axial direction, and b) in the direction
transverse to the axis.

Specimens used for the measurements of the axial direction shown in Fig.
1, a) are the long columns of Kitashirakawa biotite granite 50 m/m long and
25 m/m in diameter, and that of the transverse direction ‘n b) are the square
pillars of the same location, 50 m/m height and 20 m/m in the base.

All specimens are covered with synthetic adhesive rubber. The barium



titanate crystals are used as the ullrasonic transducer which geneiates dilatational

waves of frequency of 500 k.c..
Experimental Results

In Fig. 2 and Fig. 3, the variation of the dilatational wave velocities with
stress respectively in the axial and the transverse direction under various confin
ing pressures is shown. In each case, the velocities show the increase with the
increasing of the axial stress, and reach the nearly constant value. This
will mean that the pores of the specimen have not yet been perfectly closed
under these pressures, and that the overlapped forces close gradually such
residual cavities. Under higher pressure, the additional stresses scarcely affect
on the variation of velocity, for the pores are fully closed. The ultimate
values of velocities are nearly constant for each specimen without regard to
the measured directions and the confining pressures.

In the fracture stages, however, the tendency of the velocity change is
quite different in each observed direction. The velocities of the transverse
direction abruptly decrease with the progress of the internal failure which is
caused by the increase of stress and with the lapse of time, though that of
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Fig. 2. Effect of the axial compressional stresses on the ultrasonic wave veloci-
ties passing through the specimen in the axial direction under various confin-

ing pressures.
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the axial one are approximately constant up to the rupture moment. The
change of length of specimens is negligible to this tendency, for this effect
is in the limit of the observed error. The above phenomena will show
that the considerable apertures are produced in the lateral direction with the
progress of fracture. This tendency gradually decays under higher pressure,
it is the same tendency as observed at the strain measurements.

As expected before, it is shown in Fig. 4 that the elastic wave velocities
of rocks increase with the increasing of the applied axial compressional
stresses overlapped to the confining pressure as well as with that of the
hydrostatic pressure. The rates of the increase by the hydrostatic pressure
and the axial stress are the same order of the magnitude, though the numbers
of the observed values are insufficient to assert it. Then it may be said that
the overlapped forces have nearly the same effect upon the wave velocity as

hydrostatic pressure.

Conclusion

It will be supposed, though it may be very impudent, that the seismic
wave passing through the relatively shallow region in the crust, where the
composed rocks are highly stressed by a overlapped force and being fractured,
decreases its velocity in the direction transverse to the applied force. In the
deeper part of the crust, these effects may not be observed, because the
confining pressure is strong enough here to be brought no change of velocity
by the overlapped force.

If the above argument is possible on the earth’s crust, the variation of
the seismic wave velocity can be observed in the progress of the shallow
forcus earthquakes, or even of the somewhat deeper earthquakes, fo which the
region extends lo the part near the surface, such as accompanied by the
surface faulting.

It will be possible to explain the velocity distribution, considering the

stress distribution in the crust.
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