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Résumé

Rectangular bars of ice (dimensions: 1.5x1.5x20cm or 2.0x2.0x20cm) cut out
from large icicles were subjected to constant tensile loads and the change occurring in
their lengths were continually registered on photographic paper as they were elongated
by the loads. Observations between crossed polaroids of thin ice plates (thickness: 1~2
mm) cut off from the bars showed that they were composed of many small columnar
single ice crystals lying perpendicular to the length of the bars. The optical axes of the
ice crystals were directed nearly perpendicular to their columnar axes (Fig. 1 and Photo.
1 in the text).

A strong frame work was built with four brass bars and three thick brass plates
P, P, P;(Fig. 2 in the text) and the ice bar E was held vertically by freezing one of
its ends to top plate P,. The bar was hung thfough rectangular holes made at the
centers of platés P,, P, which were used to keep the bar in the vertical position while
it was being frozen to plate P,. In order to keep the measurement from undeterminable
errors as far as possible, the change in the length of the bar was observed not on its
whole length but on its central part AB. Phosphorous-bronze wire ACB of which the
ends were frozen to the ice bar at points A and B 'was puiled sideways at its center C
by another wire CRm, which, after having wound round roller R, hung over a small
pulley to suspend weight #. A small mirror attached to the roller focused a light beam
from an electric lamp onto the photographic paper placed round a rotating drum.

When the ice bar was pulled downwards by a large weight hung at its bottom and
the distance between points A, B was increased by a small amount dy, the roller was
turned around its vertical axis with the result that the focus of the light beam was
displaced on the photographic paper by amounting to 20,000-45,000 times as large as dy.

The experiments were performed in the cold room attached to our Institute. The
whole experimental equipment except light source and recording part was placed in an
enclosure kept at the constant temperature of —7°C. To avoid the sublimation of the
bar, its whole surface was coated with formvar film. The humidity inside the enclosure
was kept at a high value by placing a large quantity of ice and frost within it.

The tensile stress within the ice bar was varied in the range 2.7-7.4 X 10° dyne/cm?® by
changing the weight hung at its bottom end. A finite elastic strain was observed at
the instant of applying the loads, followed successively by a decelerating creep and then
a steady one. An example of the creep curve is shown by graph in Fig. 3 of the text.
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When the logarithum of z indicated in Fig. 3 is plotted against time £, curve ABCD
results. It is found that x can be divided into two components z,, x; whose logarithums
stand each in linear relation with ¢ (Figs. 4, 6, 7). The elongation of the ice bar, there-
fore, could approximately be represented by that of a rheological model composed of a
series connection of one Maxwell model M and two Voigt ones V,, V, (See Fig. 5); the
relation between its strain ¢ and the time f can be expressed by the following formula:

g g A 73 g

R R R {1—exp(— 1o} + B {l;eXD("—t/Uz)}

where ¢ is the applied stress, E;, E, and E; are the elastic constants of M, V,, V,,
respectively. 7 is the relaxation time of M, while the retardation times of V;, V, are
respectively denoted by ¢, and #,. These six constants determined -on the ice bars are
shown in Table 1 of the text (¢: minimum creep rate. = indicates the cases of un-
loading).

Young's modulus E; was found to be about 1~2x10" dyne/cm® which is in agreement
with the results of the previous workers. Minimum creep rate of the constant creep
is plotted against the stress ¢ in Fig. 8. The solid circles represent the author’s values
while the parallel straight lines are based on results gained by J. W. Glen who per-
formed compressive experiments on ice bars at different temperatures. The present
author experimented at —7°C and his values lie somewhat higher than those of Glen

at the same temperature as shown in the figure.



