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Résumé

Experiments on lateral extension and compression were made with thin rectangular
plates (1-2 mm thick and 2-5cmx1cm in area) cut out of single crystals of ice brought
from Mendenhall glacier in Alaska to the author’s Institute. The cut was so made that
the crystallographic principal axis (c-axis) of the ice c1:ystal always lays in the plane of the
plate, the angle ¢  between the c-axis and the direction of stress (==the direction of the
lateral extension or compression) being different from one plate to the other. The experi-
ments were of the type of constant strain rate, that is, the ice plates were extended or
compressed in such a way that their strain ¢ was increased at constant rates. The appa-
ratus for the compression experiments was the same as that used previously by the author
in compression tests of thin sections of snow (Fig. 1 of Reference 4), while the extension
experiments were conducted by means of the apparatus schematically shown in Fig. 1 of
the present text. In that figure S is the plate of ice placed just below the objective lens
of a polarising microscope. The right and left ends of the plates were frozen to the speci-
men holders A,, A, and the holder A, was moved towards the left by a synchronous motor
through two reduction gears. Simultaneously with the observations through the microscope
of the changes occurring .in the ice crystal, the stress induced by the extension was electri-
cally recorded through transducer T of strain gauge type. All the experiments were made
in a cold room kept at the temperature of —10°C.

In Fig. 2 of the text are schmatically shown the stress-time curves which the ice plate
of # between 20° and 45° gives when extended or compressed at constant strain rates & of
different magnitudes. When £ is relatively large, that is, when ¢>12-13%/hr, the stress ¢
in the ice plate rises rapidly as indicated by curve I and drops instantly to zero at the
moment it reaches point A,, with cleavage fractures appearing on the basal planes or on
the prism planes of the ice crystal. If & is lessened to 3-4%/hr the stress ¢ comes to
change with time as shown by curve II. After attaining oy, the value of yield stress, at
point B,, the stress s remains at that value even though the strain e keeps increasing, and
begins to relax at point C, when the strain ¢ is made to stop increasing. Curve II shows
that the single crystal of ice behaves like a perfect plastic body provided it is strained’ at
a rate below some certain critical value. But this perfect plasticity should not be under-
stood in the sense of the mathematical theory of plasticity, because the value of yield stress
oy is here dependent upon the values of the strain rate . As seen from curve II and
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curve III which are given at so small a strain rate as less than 1%/hr, the yield stress
becomes smaller and smaller as the strain rate # is lessened.

It is the general belief that with ice crystals the basal planes make the only slip planes.
The results of the following experiments made by the author in such a way that no shear
stress comes out on the basal planes of the ice crystals also confirm that belief. In one
series of experiments the plates of ice crystal were extended in the direction of (#=0° or
perpendicular to (#=90° the c-axis, but through the microscope no sign of any slip could
be seen in the body of the ice crystals during the extensions until cleavage fractures finally
appeared on the basal planes or on the prismatic planes. The pyramidal planes and both
the pyramidal and prismatic planes were subjected to shear stresses respectively in the cases
of #=0° and ¢=90°. Therefore, if slips were to occur on those planes, they should have
been seen under the microscope. In another experiment a thick slab of single crystal of
ice (17 cm X 2.3 cm X 0.65 cm) supported at its two ends was loaded 3.3 kg at its centre. The
c-axis lay horizontally and perpendicular to the long edges of the plate so that the prismatic
planes were subjected to a shear stress as large as 1.65 kg/cm®. But no slip was seen
anywhere within the slab.

As is well known, slips within crystals generally occur on account of the movement
of dislocations in the slip planes. Therefore it will be natural to think that also with ice
crystals the slips on their basal planes are due to dislocations. But the dislocations are
not to be confined to the basal planes; there can be dislocations on other planes such as
prismatic and pyramidal planes although they are unmovable and consequently ineffective
in causing slips. On the basis of such a point of view the author tries to develop a theory
on the plasticity of ice crystals in the following sequence of papers.

It is assumed that the dislocation lines within ice crystals make three dimensional
networks as shown in Fig. 3 of the text. Network a is composed of dislocation lines
running in the basal and prismatic planes, their lengths being ! and & respectively. The
density of dislocations is given by (10 [){3¥ 2 [*h). Network b is the network a so modi-
fied that some dislocation lines come to lie in the pyramidal planes. In either model of
the dislocation network the movable dislocations lying in the basal planes are fixed at their
both ends by being linked with the unmovable dislocations located in the other planes. Then
the movable dislocations have the character of a multiplying source of dislocations (Frank-
Read source) and, if the basal planes are subjectéd to shear stresses, they produce by
multiplying themselves new loops of dislocation one after another to cause large slips on
the basal planes as shown in Fig. 4 a.

The loops of dislocation generated from different Frank-Read sources located in the
same basal plane interfere with one another. The segments G'H’, ')’ in Fig. 4 b and
the segments F,, F, in Fig. 4 ¢ represent respectively pairs of Frank-Read sources located in
the same basal planes. At first the dislocations start from the different sources separated
from each other but soon they unite themselves to form single loops, which means that
the pairs of sources act together in effect as single sources. Dislocations in different basal
planes also interfere if the basal planes are positioned close to one another. In Fig. 5
parallel straight lines represent basal planes looked at sideways and double circles Frank-
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Read sources. T-marks and inverted T-marks are dislocations generated from the Frank-
Read sources. The sequences of dislocations in the neighbouring basal planes cease
advancing when the heads of the sequences come to be above and below as shown in
"the figure.



