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Résumé

Experimental studies on the propagation of elastic waves in young ice were made on
the Okhotsk Sea coast of Hokkaido in February 1962. The piece of ice was 130 by 270
metres in size, with a mean thickness of 21.4 cm.

The apparatus and method here used were similar to those used in the seismic-refrac-
tion technigue. Electromagnetic seismographs with the natural frequency of 20 c/s were
placed on the ice in three orientations for measuring vertical, horizontal-transverse, and
horizontal-longitudinal motions. The waves were generated by the mechanical impacts of
dropping a 4 kg iron ball from 50 cm height upon a 5 kg conical iron block inserted into
the surface of the ice. The currents generated by the seismographs were linearly amplified
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without filters and AGC, and then recorded by a photographic oscillograph as indicated
in Fig. 1. :

A high frequency arrival of about 200 ¢/s was first recorded on the record of hori-
zontal-longitudinal motions. The times are plotted in Fig. 2. From this. time-distance curve
the velocity of the wave was determined to be 1540 m/s. It seems to be a longitudinal
plate wave.

SH wave was obtained on the record of horizontal-transverse motions. It has the
lower frequency of about 100 c/s and the velocity of 860 m/s.

The records of vertical and horizontal-longitudinal motions showed a high frequency
arrival of about 600 ¢/s. The arrival time of such a wave is intermediate between the P
and the SH waves. This may be a SV wave, although the amount of dispersion could
not be determined.

The measured velocities of elastic waves and values of the elastic constants for this
young ice were obtained as follows.

Mean density of the ice: 0.82 g/cm’
Mean temperature of the ice: —1.5°C
Longitudinal velocity in this ice plate: 1540 m/s
Shear velocity in this ice plate: 860 m/s
Longitudinal velocity in infinitely
extended solid : 1900 m/s
Poisson’s ratio : 0.37
Young’s modulus : 1.7 X 10" dynes/cm?

Predominant waves appeared on a record of vertical motions. These waves showed
marked dispersion. The dispersion is shown in Fig. 4 in which observed group velocities
are plotted against periods. These are flexural waves. The flexural waves for a floating
ice sheet have been fully treated by Ewing and Crary®. If the thickness of the ice is very
small as compared with the wave length, Ewing and Crary’s theoretical equations for the
phase and group velocities can be approximated by

T RONEIE
c_]/ng(kH){l—% e
and
1
U:C<2+———p——— >
2+4-1(kH)’
0,
where ¢ = phase velocity

U = group velocity

k=2n/A

A= wave length in ice
2H = thickness of the ice

V, = longitudinal velocity in the ice plate
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. =density of the ice
¢, = density of water

The curves of phase and group velocity computed from these equations using the
elastic constants for the ice and sea water are shown in Fig. 5 together with the observed
values of group velocities shown as solid circles. Here the observed values are appreciably
smaller than the theoretical group velocity. This may be attributed to internal friction of
the ice, because, the ice sheet observed contained a considerable amount of brine, and the
effect of internal friction can not be neglected for this ice. But no consideration of elastic

wave propagation under internal friction was attempted here.



