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Summary

A series of hardness tests for single ice crystals were made by measuring the depth
of penetration of a steel cone with a vertical angle of 90° under a load of 1kg. One
of the test pieces of the ice crystals had a surface parallel to (0001) and another to
(1120).

The results are shown in Table 1 and Fig. 1. These results were discussed in
relation to the flow-law ¢ocp. Values of # were obtained approximately in a range of
2~3.5 at temperatures below —2°C, but with 11~14 at —1°C and 1 at 0°C.

Scars on the ice surface, which were produced by the penetration of the steel cone,
were observed directly or by a replica technique under a microscope (Figs. 2~7). At
0°C no paticular deformation structures were seen but a cone-shaped pit was seen
remaining. Below —1°C, when the steel cone was impressed onto the surface in parallel
to (0001), cellular structure due to recrystalization was seen at the surface of the pit,
and when impressed onto the surface in parallel to (1120), not only cellular structure but
also cracks were seen together with slip lines and small angle grain boundaries expanding
from the pit in the direction of [0001]. The majority of these deformation structures
appeared at temperatures below —1°C, this might be explained by the dislocation
movement.

From the experiments described above, the following conclusions may be obtained.
When the steel cone was impressed on the ice crystals, penetration might be caused
predominantly by pressure melting of ice at 0°C, but it may also be caused by plastic
flow at temperatures below —1°C. At —1°C pressure melting might be effective only
at an earlier stage of the penetration. When the penetration of the cone is caused
predominantly by plastic flow of ice, at temperatures below —1°C in our experiments,
the surface in parallel to (0001) is harder than that of (1120). The reason may be as
follows ; in the case where the surface in parallel to (0001) is being impressed, it is more
difficult than in the case of (1120) in which dislocations moving on glide planes (0001) pass
out from the crystal. But, it is one of the remaining questions as to whether the
surface in parallel to (1120) was harder than that of (0001) at 0°C.



