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Summary

When subjected to a constant load, polycrystalline ice creeps at a speed which
gradually diminishes from the large value at the beginning of the creep. Such a varia-
tion in speed seems to indicate that some changes are occurring in the mechanism of
creep with the lapse of time. Thus, it was surmised that, if the load is reduced by a
small amount for a short time at regular intervals, the strain of the ice will show
varying decreases at each reduction of the load depending upon the different stages of
the creep.

A plate of polycrystalline ice (1 cm thick, 3cm wide and 25cm long) was placed
horizontally on two metal pillows placed 14 cm apart. From the center of the ice plate
a pan with pieces of metal amounting to 2600 g in total weight was suspended. Every
ten minutes the load at the center of ice plate was reduced slightly and temporarily by
removing one of the metal pieces weighing 532 g (20% of 2600 g) by hand and putting
it back again on the pan after one minute. The dip d of the ice plate at its center
was continuously registered on a moving sheet of paper by an automatic recorder.
Figure 1 of the text shows the creep curves of d obtained on different plates of ice
used for the experiment. The short thorns like appendages growing downwards from
the first portion of curve 1 represent the decrease in d caused by the reductions of
load. Although the appendages are seen only on that portion of curve 1, actually they
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are present all along the entire length of the curves 1, 2, 3 and 4. As the reductions
of load are small in amount and short in time, the general form of the creep curves
would not be much different from that to be expected without the reductions of load.

Details of the change in d caused by the reductions of load can be seen from the
17 curves in Fig. 2. These curves are those obtained on the ice plate which gave curve
4 of Fig. 1. The numerical figure to the left of each curve is the time of creep in
minutes counted from the start of the experiment at which the constant load is ap-
plied. It was found that at the instant the load is reduced, d decreases rapidly by the
same definite amount regardless of the time of creep. But the subsequent change in d
depends largely upon the time of creep as may be clearly seen in Fig. 2. At the early
stage of creep, d increases throughout the entire period of reduced load, to rise sharply
again after one minute when the load is returned. But the increasing rate of d gradually
declines as the reduction of load is repeated. Soon d turns to decrease and the rate of
decrease grows as the creep proceeds. Figure 3 gives a schematic representation of the
d-curves in various stages of the creep. The lengths of the parts of figures of Fig. 3
such as 1, f, g, h are plotted against the time of creep in Figs. 4 and 5 for the cases
of creep curves 4, 1, 2, 3 shown in Fig. 1.

If it is assumed that the mechanism of creep of ice is similar to that of a viscoe-
lastic model as shown in Fig. 6 A, and that the elastic constants E, and E, of the model
remain unchanged while the coefficients of viscosity 7, and 7, increase as the creep
advances, the form of the d-curve during the periods of reduced load is shown to be
almost the same both for the ice and viscoelastic model. Let a constant load Wy acting
on the viscoelastic model be reduced by an amount W at time #=0. If strains of
the model just after the reduction of load and in the following period are denoted
respectively by €, and e, the difference of the two strains e—e, may be shown to change
in proportion to

u=Dz—%—z2, z2=1tlr, t="N/E,,

D =[(Wo— WY W] (/7)1

In Fig. 6 B are drawn curves of u versus z for different values of D ranging from 0.04
to —0.16, with the value of D being the greater as the position of the curve increases
in height. Let it be assumed that the rate of increase with the time of creep is greater
in 7, than in 7%, Then D decreases and the curve of u# descends in Fig. 6 B as the
creep proceeds. The characteristic time t of retarded elasticity becomes longer as the
creep proceeds, because 7, increases with the time of creep. Therefore the period of
reduced load becomes shorter with decreasing D when expressed in terms of 2. The
broken line R in Fig. 6 B gives the approximate time of finishing the reduction of the
load. Thus the change in strain of the viscoelastic model during the period of reduced
load is given by those parts of the curves in Fig. 6 B lying to the left of the broken
line R. They are similar in form to those parts of the observed curves of d in Fig. 2
that lie between the two vertical segments representing the quick decrease and increase
in d at the beginning and the end of each of the reductions of load.

The plate of ice bent in a form similar to that which the theory of elasticity gives
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for a beam of homogeneous isotropic material. If the strain and its time derivative both
change in proportion to the stress, a beam loaded in a similar manner to the present
experiments will increase its bend retaining its similarity with the above form predicted
by the theory of elasticity. This may be taken as evidence for the assumption which
has it that the ice is deformed in a similar manner to the viscoelastic model.

The quick decrease and increase in d at the beginning and the end of the reductions
of load can be considered to be elastic. From this Young’s modulus of the ice at —10°C
was calculated to be 1.2X10" dyne/cm? All of the present experiments were carried out
in a cold room held at a temperature ot —10°C.



