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Summary

For practical importance, the shear strength of ice has been studied by many
workers since the beginning of this century. Finlayson, Wilson and Horeth, for
instance, measured the shear strength of river and lake ice and obtained the value of
7-8 kg/cm? irrespective of temperatures from —1° to —23°C. More recently, Butkovich
found the temperature dependence of the shear strength of ice in a temperature range
from 0° to —50°C, which was in contrast to the results obtained by Finlayson and
others. These two inconsistent results may be attributed to the differences in the
size and structure of the specimens, crystallographic orientations, densities of surface
defects and the methods used in the experiments, because the shear strength is
a structure-sensitive quantity.

In order to study how a method adopted in an experiment influences measured
results, the shear strengths of polycrystalline and single crystals of ice were measured
by two different apparatuses.

The first one is schematically shown in Fig. 1. A cylindrical specimen I of ice
was prepared by lathing and was annealed in the cold room at —5°C for more than
twelve hours, which was fixed on the metal base B. When the deck D was moved to
the right by turning the handle H, top of ice was pulled horizontally by the spring
balance S, which was fixed to the deck D. The force needed to cause the shear
fracture of the ice was read on the spring balance, and the shear strength of the ice
was calculated. The shear strength obtained for polycrystalline ice at temperature
range from —2° to —52°C was widely dispersed as shown by the vertical straight lines
in Fig. 2. The solid circle at the centre of each line represents the average value at
each temperature. The shear strength was independent of temperatures from —2° to
—52°C, which agrees with the Finlayson’s results.

The open and solid circles in Fig. 3 respectively give the average valves obtained
for single ‘crystals of ice whose c-axes are perpendicular and parallel to the axes of
the ice specimens. The strength is constant in a temperature range from —2° to
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—30°C as was the case for polycrystalline ice. When fracture took place, the average
strength was 16 kg/cm? parallel to the basal plane (solid circles), and 25 kg/cm? perpen-
dicular to the basal plane (open circles).

Careful inspections of the fractured planes showed that the wide dispersion in
shear strength had a close connection with the mode of fracture. Small values were
observed when fracture took place along a single flat plane as shown in Fig. 4a, while
larger values were obtained when the fracture plane was so complicated as shown in
Fig. 4c.

Another apparatus used in the present work is schematically shown in Fig. 5.
An ice rod was inserted into the hole H of the “shearing box” S. The drawer P of
the shearing box was pulled at a slow speed by the rack L through the spring balance
S, which was driven to the left by the motor M. The pulling force was increased at
a rate of 10kg/min, and for while fracture took place simultaneously along the two
interfaces between the drawer P and the box S. The shear strength obtained by this
apparatus for polycrystalline ice, single crystals of ice and snow ice was tabulated
respectively in Tables 3, 4 and 5. It was found that the strength increased as the
temperature was lowered for any kind of ice, which is in agreement with the results
obtained by Butkovich. The reason is not obvious why the temperature dependence
was observed when the “shearing box” was used, while it was not observed in the
previous experiment. Fig. 6 illustrates the strong temperature dependence on the shear
strength of single crystals of ice; the strength of ice whose c-axis was perpendicular
to the axis of the ice specimen (open circles) was much larger than that of ice whose
c-axis was parallel to the axis of the specimen (solid circles).

The values of shear strength obtained in the present experiment were in general
much larger than those obtained by Finlayson and others. This may be attributed to
the size of specimens used in the tests, because the size of the specimens used in the
present work was much smaller than that of the specimens used by Finlayson and
others. The dependence of the size of the specimen on the shear strength was then
studied by the use of ice specimen with different diameters. The obtained shear
strength was plotted against the diameter of the ice specimen in Fig. 7. A strong
size effect on the shear strength was found when the diameter of the ice specimen
was less than 1.5em. X marks represent the Butkovich’s values, which were consistent
with the present results obtained for the specimen with larger sizes.

In order to study the effect of annealing on the shear strength of ice, specimens
were kept in kerosene for a long period at —5°C and the strength was measured.
No effect of annealing on the shear strength was found as shown in Fig. 8. This may
suggest that fracture started at the surface of the ice because the surface defects like
a notch did not disappear by the annealing of ice in the kerosene.



