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Gorow WAKAHAMA 1965 Internal Fracture of Ice. Low Temperature Science, Ser. A,
R3. (With English Summary p. 48)
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Summary

Thin (1mm) rectangular (2X3cm’) plates were cut from single crystal and poly-
crystalline ice and laterally compressed or extended at constant slow speeds at —5°C
(strain rate ¢ ~10%/hr). The deformation occurring in these crystals was observed
with a polarizing microscope during the process of deformation. Some of the deformation
processes, such as slip on the basal planes or at grain boundaries, and the migration of
grain boundaries, have already been reported in earlier papers (Plastic deformation of ice,
I-V). Those deformation processes do not break the continuity of the crystal texture. In
this paper, the various kinds of internal fracture which accompany the processes of plastic
deformation are reported. These fractures may be classified as follows :

i Intra.granular fracture;
a. Formation of a triangular nucleus ‘of fracture and its development (PI. I-1).
b. Trans-granular fracture, which starts from the grain boundary and instantly trav-
erses the grain from boundary (Pl. I-2).
¢. Cleavage fracture which proceeds primarily, and intermittently, along the basal
plane. The course of the cleavage often deviates from the basal plate to the
prismatic or pyramidal planes (Pl. III-9~12). ‘_

ii Grain-boundary fracture; During compression of a polycrystalline ice plate, the
grain boundaries often separate to form cavities (Pl. I-3). These fractures have
been reported in an earlier paper (Plastic deformation of ice, V).

iii Intercrystalline fracture; fracture which runs through several of the grains com-
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posing polycrystalline ice.

Of the fractures mentioned above, nucleation of the triangular fracture and the cleav-
age fracture are described in this paper.

1. Initiation and development of triangular fractures.

In the early stage of compression of an ice plate, bend planes (small angle grain
boundaries) are formed perpendicular to the slightly bent basal planes. When the angle
between the orientations of the lattices on either side of the bend plane, 6, exceeds approxi-
mately 13° a small triangular crack often starts from a point on the bend plane and
extends along a basal plane, as is illustrated in Photograph 5, Plate II. Such a crack must
be produced by a large tensile stress acting so as to separate the crystal at the basal
plane. Since a bend plane consists of edge dislocations of the same sign, arranged on a
plane as is shown in Fig. 1 (a), it can move parallel to the basal planes under shear stress.
However, the movement of bend plane is inhibited when it encounters an obstacle in the
crystal and a part of the bend plane is stopped while the rest keeps moving. This sepa-
rates the bend plane into two parts with a displacement between them, as is shown in Fig.
1(b). The array of edge dislocations on the upper bend plane, Oy, produces a large
tensile stress ¢, around its lower end, which may be expressed as,

o, = {Gb/2z(l =)} -(1/d) -ﬂzi}la/n) . (1)

where G is the modulus of rigidity of ice, v for Poisson’s ratio of ice, b, the magnitude
of the Burgers vector of an edge dislocation located on the basal plane of ice crystal, d,
the spacing between neighbouring dislocations, and N, the total number of dislocations
on the plane, Oy. The value for d (=20 A) can be deduced from the angle of bend ¢
(~13% which the basal planes make at the bend plane. The number of dislocations, N,
estimated from d and the length of the bend plane in the direction of Oy (3~4 mm), is
found to be of the order of 10°

Substitution of the numerical values of the constants into equation (1), gives 3x10*
kg-wt/em® for ¢,. Tensile stress of this magnitude will be sufficient to separate the crystal
and to produce the slender triangular crack shown in Photo. 5, Plate II. Once such a
crack is formed, it develops along the basal plane since the tensile stress becomes concen-
trated at the ends of the crack.

2. Cleavage fracture.

This type of fracture was typical in single crystal ice plates when they were com-
pressed perpendicular to their c-axes. A crack appeared close to the edge of the ice plate,
advanced instantly for a short distance and stopped. As soon as the tip stopped advancing,
isochromatic patterns became visible as is illustrated in Photos. 11 and 12, Plate III. This
is an indication of an increase in the tensile stress around the ends of the crack. With
further compression, the isochromatic patterns became clearer and clearer. As the crack
suddenly extended, the isochromatic pattern disappeared.
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