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Résumé

In: the previous experiments (Paper I), thin sections of snow were compressed by
constant static loads. By observing under a microscope the displacements of ice grains
composing the snow, it was found that the thin section was divided into many strong
domains which the author named ‘basic domains’. They were of the order of cm in
linear dimension. Along the contact lines between any two adjacent basic domains the
texture of snow was weak; the author called those lines ‘weak lines’.

In the present experiments the thin sections of snow were compressed at a slow
constant speed (0.02 mm/min) instead of by constant loads. Use was made of a small
compressing apparatus shown schematically in Fig. 1. The section of snow indicated by
D, being placed just below the objective lens of a polarising micfoscope, was pushed
towards the right by a piece of metal P which was advanced by a synchronous motor
M through two reduction gears J, and J,. Together with the observation through the
microscope of the changes occurring in the texture of the thin section, the resistance R
of the thin section to the compression was electrically recorded by recorder U through
transducer T of strain gauge type. The experiments were made in a cold room at —8&°
~—12°C. ‘

Fig. 7 shows an example of R-curve; the upper curve (a) is continued as the lower
one (b). At the beginning the resistance R rises rapidly to point A due to nearly elastic
compression. After that, R comes to increase slowly, which indicated the plastic com-
pression accompanied by the phenomenon of hardening. As soon as the compression is
stopped at point B, R begins to relax. While the section is undergoing the elastic com-
pression, no marked changes other than displacements of the ice grains can be detected
under the microscope. But soon after the yield point A, there begin to appear on the
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ice grains many slip lines parallel to the crystallographic basal plane of the grains. As
the compression is advanced further, many other kinds of deformation make appearance
such as slips at grain boundary, separation of grains, migration of grain boundary (Photos.
2-3, PL. I), formation of cells in grains (Photos. 4-6, Pl II, Photo. b, Pl. V), recrystallization
(Photo. 7, PL II), formation of bend plane (Photo. 8, Pl. II), cleavage fracture of grain
(Photo. 9, PL. II) and inhomogeneous lattice bending (Photo. 17, Pl. IV). The series of
photographs 12-16, Pl. IV illustrates the process of change occurring in the same portion
of a thin section of snow. Photo. 12 is before the compression while Photos. 13-16 are
respectively at the contractions-of 2%, 3%, 7% and 139%. Slip lines are seen in grain
A of Photo. 13 which develop further in the succeeding photographs. The formation of
cells is seen in the bottom portion of grain A, Photos. 14, 15; an internal fracture at the
boundary between grains A and C, Photo. 15; new basal slips in grains A and D in Photo.

15 ; migration of the grain boundary between grains A and D, Photo. 16 ; recrystallization
in the bottom portion b of the grain A, Photo. 16.

As for the migration of grain boundaries, it was found that in most cases the
boundary was shifted in the direction from the grain of less marked slip lines to the one
provided with stronger slip lines. A theory was developed to account for that direction
of migration. Let a pillar of single ice crystal with its ¢-akis inclined at an angle ¢ to
the axis of the pillar be supposed (Fig. 4. When the pillar is compressed axially by a
pressure p, the free energy of ice is increased by 4F=*/2F, where E denotes the Young’s
modulus of the ice in the direction of the long axis of the 'pillar. FE is a function of @;
let its reciprocal 1/E be represented by function ¢(#). In case the pillar is composed of
two ice crystals A and B with their c-axis inclined by ¢, and ¢ respectively, the ratio
h=A4Fg/dF\=¢ ()/¢(0,) determines the direction of migration of their boundary. When
h<1, dFg< dF,, which implies that crystal A is less stable than crystal B. Then crystal
B will assimilate. crystal A by shifting the boundary between them into the latter. When
h>1, the shift of the boundary occurs in the reverse direction. The values of h are
" mapped by curved lines in the ¢ ¢s-plane of Fig. 6. Now let it be assumed that any ice
crystal begins to slip on its basal planes when the maximum shear stress on those
planes attains a critical value r,. Then the critical value p, of pressure p needed for
causing the slip is given by p.=rz,/sind cos#. When the composite pillar is compressed,
whichever one of the two crystals A and B which has the smaller p, slips while the
other of the larger p. remains unsiipped. In Fig. 6 the two triangular domains with
vertical straight lines are those where crystal A slips, while crystal B slips in the
remaining domains with horizontal straight lines. The domains with vertical lines almost
overlap those within which 42<1. This means that the boundary is shifted towards
crystal A when crystal A slips. In the same way it can be seen that crystal B is
invaded by crystal A when crystal B slips. Namely, the crystal towards which the
boundary is shifted is in most cases that one which ‘slips earlier. And the crystal which
slips earlier will, at the end, be traversed by slip lines more marked than those in the
other. In the actual case of the thin section of snow the circumstances are not so simple
as the case of this theory. But the author believes that the theory is still available for
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determining in which direction the boundary should be shifted.

The phenomena such as internal fracture, and migration of grain boundary are the
ones which make the texture of snow softer. Therefore, the thin section, although it is
caused to become harder and harder by the compression as indicated by the slowly rising
portion AB of the curve in Fig. 7, is undergoing a latent softening due to those phenomena.
That the softening process is actually going on can be seen by interrupting the com-
preséion and then resuming it again. Curves I, II, III, IV in Fig. 8 show the R-curve
when the compression is interrupted three times. The value R, of the resistance at the
moment of interruption is always higher than the yield value R, for the resumed com-
pression, which fact indicates that the softening process is working also during the time
of interruption.

Fig. 8 shows also that the elastic rise of R (the steep rise in the first stage of the
compression) is much steeper for the resumed compressions than for thz first compres-
sion. The first compression breaks down the ice grains located near the weak lines
causing the basic domains to come into direct contact with one another. This makes
the texture of snow strong with the result that the elastic rise at the resumed compres-
sion becomes steep. In Photo. 10, Pl. III the dotted line is a portion of a weak line;
the ice grains marked A,B,C, ------ are arranged near the weak line. When compressed,
as shown by Photo 11, the majority of those marked grains are deformed and displaced
so as to fill the large spaces which separated them before.

Poisson’s ratio of snow for plastic compression was determined from the deformation
occurring to a circle drawn on the thin section (Fig. 2, 3). Its value was found to be
0.25-0.35 in agreement with the results obtained by Dr. Kojima® from the flow of natural
snow layer deposited on a slope.
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