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Study of Fracture Toughness of Columnar
Grained Ice Using Large Specimens
by
Sho Kusumoro*, Nobuo KmMura**, Tooru TAKASE*
and Tohru KIDERA***

The effects of loading rate and specimen size on the fracture toughness Kj, of columnar grained
ice have been investigated at —10°C. Notched bend specimens with the section size of 50 x 50 mm
(medium size specimen) and 200 x50 mm (large size specimen) were used. The notch of specimen
was made using a thin razor blade embedded in the mold. Several tests were carried out at each
test condition, and probabilistic nature of fracture toghness was also investigated.

The results obtained are as follows.

(1) The value of Ky, decreased as K7 increased, and there was a transition in the range of Kj
=10-100 kPam'?/s. The value of K, was not substantially affected by K; in the high K region
beyond the transition.

(2) Scatter of Ky, for the large size specimens was considerably small compared with that for
the medium size specimens.

(3) The minimum value of Ky, was not affected by the specimen size in the low K; range.
However, in the high K; range, the minimum value of Ki, of a large specimen showed a little
higher value than that of a medium specimen.

(4) The size effect was analyzed from the view point of the “weakest link theory”. It was
observed that the experimental data did not agree with the theoretical prediction in the range of
low values of Ki,.

(5) The relation between K; and K, was compared with other experimental data on a similar
kind of ice. Considerable difference in Ki,, especially in the low loading rate range, was observed.
The reason is not yet clear, and more studies are needed.
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(b) Vertically sliced

Thin cross sections of columnar grained
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Examples of replica of fracture surface (pins indicate the start points of cracks).
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Fig. 3. Hill-shaped fracture surface (I : notch
surface, II:fracture surface parallel to I,
III hill-shaped fracture surface. Arrows
indicate the directions of crack extension,
schematic).
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Fig. 4. Effect of loading rate on K, values;

medium size specimen.
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Fig. 6. Comparison of the calculated Weibull
distribution of Ky, of large specimens with
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of medium size specimens, based on the
“weakest link theory”.
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