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Effects of Loading Rate on Fracture Toughness of Ice
by

Sho KUSUMOTO*, Nobuo KIMURA** Tohru KIDERA*
and Seigo Kaji*

The effects of loading rate on fracture toughness of ice have been investigated using
sharply edge-notched specimens by bending at—10°C. The loading rate K; covers from
2.5 up to 3 X10® kPam!2s—!. The notch of specimen was made by molding a razor blade
in the specimen in the ice growing process and removeing it before the bending test.
Two sizes of specimens, section sized 25X25mm (small size specimen) and 50X50mm
(medium size specimen) respectively, were used. Set of about thirty small size specimens
or about ten medium size specimens was tested at each test loading rate. The experi-
mental results are as follows.

(1) A range of K., K,> (5~20) X10® kPaml/2s-1, exists where no effect of X, on the
fracture toughness K,f is observed.

(2) The values of K;r are lower in higher K, range, and they show a transitional change in
a range K;=10~10° kPaml2s-1,

(3) The effect of loading rate on the minimum fracture toughness Kif] min is very small
in full tested K, range both in small and medium size specimens.

(4) The values of Kif] min of small and medium size specimens seems to coinside
approximately. The maximum fracture toughness Kir] max and the K,y at 50%
cummulative probability of fracture K;r] 50 of medium size specimens are smaller
than these of small size specimens.

(5) The Kir] min obtained is anticipated to be the fracture toughness of large polycry-
stalline ice containing adequate number of crystals at the front line of the crack or
the sharp notch.

(6) It was found that a vinyl silicone impression material for dentistry is suitable to make
replica of the fracture surface for macrofractography. )
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Fig. 1 Section of razor blade to mold the
notch (thickness : 0.1mm)

Fo BIEIT U - 7ok BR A i e iR BE o AT i dhic—
BRIRIE Ulco AWV TZRBR T ORI 5T ClbSBAE
ME—HUIHAERKTH 7208, BODIREALE
BRERZERKTH o 7ce TR DODTHPOHTH S
DCHEF KA 2O IR Kb A TAT
Wizo

2.2 HBRERE

ST, KEBA~NOHMIIR T v IEE—- 4



A e ANER - AT TR ZE 123

g////////// ///////////ﬁ

|| DATA
LOAD CELL— —AMPLIFIER RECORDER
TEST PECE | =]
= —
V7777777777777 7777 7
200 » PEN OSCILLO
< RECORDER| | GRAPH

Small size specimen:B=25mm W=25mm
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Fig. 2 Bending test apparatus
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Fig. 6 An observed intergranular crack
plane(the only case crack initiation
was intergranular, columnar gra-
ined ice specimen, schematic).

A : notch surface, B : notch
surface at the edge of the blade,
C :intergranular fracture surface
D :transgranular fracture surfa-
ce,dotted line : grain boundary
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