IKOBEEE U AN 5 St ihfge"

A K B K
3 BT Sl

%B**
§FU E****

!

& i

B

Statistical Study on Fracture Toughness of Ice

by

Nobuo KimMura*, Sho Kusumoro**, Takeshi UcHma***
Shimon AnDO**** and Toshihiko Ocuhr****

A method to express the distribution of the experimental results of fracture toughness of ice was
investigated by postulating the Weibull distribution with three parameters. The data were taken from
the previous experiments conducted to study the effect of loading rate on the fracture toughness® 19,
Weibull parameters were estimated by several estimation methods!)-1*) and the parameters obtained
were compared with each other. The effect of loading rate together with that of specimen size on the
parameters were discusssd at three loading rate ranges. It was confirmed that the parameters estimated
were closely related to the experimental value of fracture toughness.
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(a) LGI small size specimens (LGI-S).
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Table I. Specimens. ' I e LGII_M" '
300 - Ti-10°Cc 7]
Specimen Production Crystal Specimen l§ 250 k :Em:;ian i
type method structure size g v Mi n
X
LGI-S Non-seed Large grain Small 200
LGI-M Non-seed Large grain * Medium ° 150 A \ 7
- ¥ 100 = -
CGI-S Seed Columnar grain Small
50 - -
CGI-M Seed Columnar grain Medium
0 lrusiuu ! | suul "
CGI-L Seed Columnar grain Large 10" 10° 10' 10* 10° 10*
LGI: Large Grained Ice, CGI: Columnar Grained Ice Ki kPa/m/s
P (b) LGI medium size specimens (LGI-M).
ﬁﬂ,ﬂ 350 —rrrm e
= 300 cors.
|§ A;Max
III- @ 250 .7mt_idian -
¥:Min
o 7 B g
PI2 L P/2 * 200 | -
150 -
(mm) ] ;
L B w a x 100 - v~
LGI-S [ 100 | 25| 25| 10 50 - y
LGI-M | 200 50| s0 | 20 o bl v i sl L
cGl-S| 200 | 25| 50 20 LA CL [ R O
col-m| 200 | 50| 50 [ 20 Ki k Pafiils
CGI-L | 200 | 200 | 50 | 20 (¢) CGI small size specimens (CGI-S).
Fig. 1. Dimension of specimens. Fig. 2. Effect of loading rate on K. values.
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(d) CGI medium size specimens (CGI-M).
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(e) CGI large size specimens (CGI-L).
Fig. 2. Effect of loading rate on K. values.
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Fig. 3. Effect of loading rate on median K. values
for various type specimens.
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Table II. Weibull parameters of LGI-S specimen. KIZCLGI-S il L TRE
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Table M. Weibull parameters of various type specimens

by the correlation coefficient method.
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) - 32 SHIl F
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(a) Lower loading rate range (K ;<10 kPay/m/s).
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(b) Higher loading rate range (K ,>100 kPavm/s).

Fig. 4. Comparison of the estimated Weibull
distribution curves with the experimental
results for LGI-S specimen.
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Table IV. Results of the y? test for various type specimens.
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Fig. 5. Effect of loading rate on Weibull
parameters for LGI-S specimen.

X =@ : least square method, O=®) :
optimum linear configuration method, @
=@ : correlation coefficient method,
AN =(@ : iterative least squares method,
A =(5) : maximum likelihood method.
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Fig. 6. Effect of loading rate on Weibull
parameters for various type specimens
by the correlation coefficient method.
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