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Summary

Polycrystalline ice has been subjected to a compressive experiment under hydrostatic pres-
sure up to 35 MPa at —8°C and —10.5°C. It was found that under the hydrostatic pressure
of several tens of MPa, polycrystalline ice was easily deformed over a strain of 20% without
forming cracks. Microprocesses of creep deformation observed in thin sections showed that
the strain of deformation corresponded to creep stages: transient, steady state, accelerative and
decelerative.

An application of a hydrostatic pressure of 30 MPa for about 40 hours to an original
polycrystalline ice, which had fine air bubbles and a ununiform grain size, made it into an
air free ice with a uniform grain size. However, as is shown in Fig. 5, the hydrostatic pressure
alone did not change a fabric pattern; that is, it produced no preferred orientation even if
the hydrostatic pressure of 35 MPa was applied for a sufficiently long time.

Figure 6 shows typical creep curves of polycrystalline ice under an atmospheric pressure
(A) and a hydrostatic pressure of 31.5 MPa (B) at the same temperature below the equilibrium
melting point. The figure also shows that a hydrostatic pressure of 31.5 MPa reduced the
strain rate by 50%. The same feature was confirmed in all hydrostatic pressures ranging
from 10 to 45 MPa in reducing the strain rate.

Creep curves plotted as strain rates against strains at three different stress levels of 1.15
MPa, (E), 1.49 MPa (A, B) and 2.97 MPa (C, D) are shown in Fig. 7. The critical strain cor-
responding to each stage of creep deformation is evident in this figure; that is, a transient
creep continues until the strain reaches to 1%, the steady state which follows the transient
creep is kept in the strain limit between 1% and around 2%. As the strain exceeds 2.5%,
a accelerative creep begins to start and continues to the strain of 10%, the corresponding
strain rate attaining its maximum in creep deformation. A decelative creep, the strain rate
of which loweres with increasing strain, is observed beyond the strain of 10%. The strain
range corresponding to the steady state slightly reduced as the stress level increased, as is
shown by a dotted line in Fig. 7.

Each of thin sections, a~e, in Fig. 8, corresponds to the typical strain denoted by the
same letter on curve E in Fig. 7, showing creep deformation with an axial stress of 1.15 MPa
and a hydrostatic pressure of 31.5 MPa. Thin section, a, obtained at the strain of 0.64%
shows a texture of the changing point from the transient to the steady state creep. Some
changes were found at grain boundaries ; that is, some of them seem to diffuse or form zigzags
instead of a straight line in an undeformed sample.

Figure 8 b corresponding to a stage of deformation of 1.3% illustrates a typical texture
in the middle of a steady state creep. Most of straight grain boundaries have been changed
to zigzags; and dynamical recrystallization occurred in several places. At the last stage of the
steady state creep, the majority of grain boundaries in between highly strained mother crystals
were completely occupied by recrystallized grains, as is seen in Fig. 8c. From a viewpoint
of microprocesses, the steady state creep starts when recrystallization has occurred at some
of the strained grain boundaries and become complte when it has replaced all grain boundaries.

It is noticeable that the extreme growth of recrystallized grains takes place during the
stage of the accelerative creep, as is shown in Fig. 8d, which is a thin section of a sample
strained by 7.5%.
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Fabric pattern of Fig. 9 shows that the majority of c-axes of the grains in an accelerative
creep falls in the angle between 10° and 50° with respect to the stress axis.

The fact that the strain rate was lowered as strain increased by more than 10% is caused
by smaller grains than those in the accelerative creep appearing in Fig. 8 e. Decrease in the
strain rate in the decelerative creep indicates that recrystallization takes place again among
strained grains.

It is clear that the most extreme grain coarsening in the accelerative creep occurs at
strains ranging from about 5% to 8% where the slope of the curve is the steepest, as is
shown in Fig. 10, which illustrates creep curves plotted as strain rates against time.



