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Fracture Toughness of Large Grained Ice

by

'Sho KUSUMOTO*, Nobuo KIMURA*, Tohru KIDERA*
‘Seigo KAJI* and Hirofumi TAKEUCHI**

Fracture Toughness of ice has been investigated using sharply edge-notched specimens in four

point bending at —10 and —30°C with loading rate K,=0.1, 1.0, 10 MPa m"¥min. Molds mounting
a razor blade inside were used to make ice blocks for specimens. Distilled water poured to the mold
was cooled into ice block with a sharp notch formed at the blade. Specimens were shaped up out of
these ice blocks. Two types of specimens were used, parallel and orthogonal, which mean the
directions of the notch plane be parallel and orthogonal respectively to the crystal growing
direction. Fracture Toughness presented by K., in this paper was calculated by ordinally used
equation of K, in pure bend. Experimental results are as follows.

The order of K, values was 0.1 MPa m'?, which is smaller than that of glass, about 0.4 MPa m!?.
The fracture toughness K,, decreases as the loading rate increase or as the temperature decreases.

The fracture toughness K., of orthogonal specimen is larger than that of parallel specimen. This

result relates very closely to the direction of the crystal growth or the direction of c-axis.

The

experimental results have been examined statistically because of their extreamly scattering charac-

teristics.
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(b) Finished central part of ice specimen

Fig. 4 Mold for central part of orthogonal

specimen; arrows denote crystal
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Fig. 7 Etch pits; view from side surface

Ti, FEBRRAAE CEAREBIZITFATTHS
Losbiol, kB, ANTRERELGAATH 5.
Fig.8(a), ICEX=a VTOREBEKF DRNEHEY
Y. ZOEED»S bEEAA» S R Fig.8 @4
EHNCEEL, ZIZCEARTHL I EERLTVS,

FRRABFBAL RO TV A s HETHLS
Zebnrsd, —7%, Fig. 8ORIEVWERICH>T,
BPYANO, RICEBTH-> TEENC (F77v 4 Vi
H-oTH) BERGIVEREECZ>TwE %
EfITw3,

3. RBFE

EERIZTANT, KIRE T4 A0PEBIC L > TiIT-
7o, ABREOBME % Fig. 9..0/R"d, WEIFOY »7
BREHS o v a -k > TEHILT:. ARE
R ISR R B 0 B RZE L Ki=0.140.01, 1.0+
0.1, 10+ 1 MPam'?/min® 3 % & A 72, %72,
AERBE X —10°CR U —30°Co 2 E CRERE &L —
g, HBREEOEHIIL 1°CLANTH 5. HABK
K<, Fig.10 ©L =200mn, B =25mm, W=25mm,
a=10mm& L7z,

ISR FEHOBEH TR & 5722,

(a) Horizontally sliced

(b) Vertically sliced
Fig. 8 Sliced specimen of L. G. I. «=0°; polarized light, arrows denote crystal growth direction



WA B RRNER - AF

® Specimen
® Load Ring
1 % Spring

5 Pulley
= _ @ Gears
@ ® Motor

Fig. 9 Loading system

il-i
i
L

j B

Fig. 10 Dimensions of specimen

Table 1 Fracture toughness values of L. G. L.

= .42 W . N 127
K= ; (a/w) W

22T, #iiFE—A>~+M=PL/8

f (a/w)=1.99—2.47 (a/w)+12.97 (a/w)?
—23.17 (a/w)*+24.80 (a/w)“(Z)
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P TEMP. K1 Kif (MPam'/2) COV. Sample
(deg.) | () | (MPam'/2/min) | F(50%)| mean | (%) | Size
0.1 = 0.01 | 0.123| 0.142| 53.2 18
-10 1.0 + 0.1 0.097 | 0.108 | 42.0 36
0 10 + 1.0 0.076 | 0.085 | 54.8 30
L.G.1. 0.1 + 0.01 | 0.083| 0.084 | 30.4 217
-30 1.0 + 0.1 0.077 | 0.082 | 26.8 34
10 + 1.0 0.063 | 0.066 | 19.7 34
0.1 + 0.01 | 0.121| 0.121] 16.1 31
-10 1.0 + 0.1 0.098 | 0.104 | 22.4 31
90 ' 10 £ 1.0 0.106 | 0.106 | 13.1 29
L.G.1. 0.1 + 0.01 | 0.123| 0.126 | 23.9 31
-30 1.0 % 0.1 0.102 | 0.108 | 22.8 31
10 % 1.0 0.100 | 0.107 | 20.6 30
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