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Fracture Toughness of Single Crystal Ice and Columnar Grained Ice
by

Sho KUSUMOTO*, Tohru TAKASE*, Takeshi UCHIDA**,
Tohru KIDERA*** and Seigo KAJI*

Fracture toughness of single crystal ice and columnar grained polycrystal ice was investigated
using sharply edge-notched specimens by three point bending at —10°C. The loading rate I.{I
ranged from 1.0 to 3.8%10* kPa » m!/2/s.  The notch of the specimens was made by pressing the
edge of a razor blade on the bottom of the saw cut slot, Three types of single crystal ice specimens
were made, in which C-axis of the crystal placed at an angle 6 equaled 0°, 45° or 90° with the
notch plane respectively,

Experimental results show that the effects of I.{r on the fracture toughness is very little in the
range I.{1>30 kPa » ml2/s., The results of the study of the experimental data in the range I.{I>
30 kPa « m!/2/s are summarized as follows; )

(1) Ki¢ values of 8=0° and 6=90° specimens are nearly equal, and they are higher than that of
0=45° specimens.

(2) Fracture toughness of columnar grained polycrystal ice specimens calculated from the Kir data
of the single crystal ice specimens based on the weakest point theory was higher than that of the

experiment,
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Fig. 1 Manufacturing equipment of single crystal ice (Schematic)
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Fig.2 Schematic configuration of single crystal ice

specimens; arrows denote C-axis direction
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(a) Horizontally sliced
(S:C:l: 4=10%)

(b) Vertically sliced
(Sl g=0)

(c) Horizontally sliced
(S.C.l. 4=90°)

(d) Vertically sliced
(S.C.I. 6=90°)
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(e) Horizontally sliced
(S:C.1. g=45%)

(f) Vertically sliced
(S.C:l:9—145")

(g) Horizontally sliced
(C.Gl. a=0°)

(h) Vertically sliced
(CG.l a=0°)

. 3 Sliced specimens; polarized light, the arrow denotes crystal growth direction
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Fig. 5 I.{I vs. Kir relati'oﬁship of C. G. 1.
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Fig. 9 Weibull plots of S.C.I., C.G.I., and
estimated toughness line of C.G.I.

Fig, 9 1%, BEfK 0=0°+0=090°, 6=45° X
O 5 AR RO D RERE & RN L % Sk RKRED
HWERRT. HhbBbni X oic, SiERkko
HERHELSREKEBEI VBCERE o
ZOBHE LT, EERKOBEOERNAP DO X
AURENEZ DD, FHEY 0 X o, SRRk
TR AEARE Lo S BOREN, FELRAD
LOXMURBET D HLE T EAHEIRTE D Lo
BHOTETHELTWS. iz, SEMERKOME
B ROK 0=45° OMELRABECThoTA, T
B OWTR I DTS e 255,

3. 4 WEHR

WY CHWE L= Fr vy 7ARFEALT, K&
BAEEAWE Y 7Y 2 8E LR, RV SV H &
PIR & KEFHEO REEED S X0 Fed LRI
ERELL. BAuwiev 7Yk, BiEdck 0=0° 2
1148 » 6=90° 2141 « 0=45° H\1018 » L5 RAERK
BITEE LOTTBLEEE K C~3ERkeEat) 2
14ETH 5. Fig.10 1%, B KikcoREwx v
VIEETHS.

(1) EfEdk

HERkDBE, SRR B bR
HWETH 5. SRR, BET BRI
BT ERHTARRRLOTUREE LS.

0=0°+0=90° Ci%, 1@BATCA < TRRLEN

FHBLTED, 0=45° CIIBAN T- & H T, I8
BHoTEURFAELTHE IS5 ERLS.

(2) TELBERK C~36 R Eat)
REEABEE RS O\WTIL, Sl BERT 55T
IR > T ie by, I4EORBRA Y 7Y #icD
W EARA SHRRALNANE T COBRY
Table 1 iwiRd. 7a%, FHOTHAL b DX, &3
S MO B AN FHAIRIFE LV ERRLT W,
5. ZOBELLREBEYTIX, BRLLO X HRE
FOSBERORBA CTROR D LT XD, FRURA
BELCoBENROBEEEIRD DI D,
() SRRk

SHERERKOEE, EZNT1~2@Fh bRAEL T
R, BIROE b B RKC AL BRI
IERRREZ R TR R bR,
SfEMRETOKIT, BRIk O =0°+0=90° X b 5
BRI, D0, FHORETHECHREEDR
BHREGT TR, BENAOHEEL FOHRANE
BEZDEELDLRETHS.

Fl, BCETEEBLTELDZ &I,

() EREPO XU LB R THRGN LIRS
MEBERL TV Db AbRSC ETHD. T,
EZDHER « 1< BT L5 IR R
2 TWBHZ EERLTS,
(i) BB CAKEME Kie BEWHREEO BRI E
Steh, HClE Rie s Ki 8\ CHR EEMAE
BOBEAS BbhE, il & KdficsiC
BEIRA ST 5 2 L L R B Kie {8 2338
L, B roBRicih-CEs il L Bbh
5.

Table 1 Observation of crack start of 2 or 3 crystal

grained ice, number in parentheses
expresses number of crystal grains

Number of Fracture toughness

Crack start
ar specimens Kif [kPa-m”Z]
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(a) S.C.I.o=0°
(K1=4.0%10® kPa « ml/2/s)

(d) 2 or 3 crystal grained ice
(K1=3.3x10% kPa » m1?2/s)

(b) S.C.I.o=45°
(K1=2.9%10° kPa « ml/2/s)

(c) S.C.I.6=90°
(K1=4.7%10° kPa » m!/2/s)

(e) C.G.I.
(K1=8.5%10° kPa * m!/2/s)

L— 1 10mm

Fig. 10 Examples of replica of fracture surface; fracture at high loading rate
(K1 =2.9x10*~8.5x10° kPa » ml/2/s)
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