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Effects of Notch Depth on Fracture Toughness of Polycrystalline Ice

by

Takeshi UCHIDA*, Sho KUSUMOTO**
Toshihiko OCHI** and Seigo KAJI**

The effects of notch depth on fracture toughness Kic of C. G. I. (Columnar Grained Ice) were
investigated using four types of sharply edge-notched specimens which had the ratio of the depth a of the
notch to the height h of the specimen, 0.2, 0.4, 0.5 and 0.6, respectively. The notch of specimen was made by
molding a thin razor blade (thickness 0.1mm, tip angle 9°) into the specimen in the process of the ice growing
and removing it before test. Section size of specimen was 50mmX 50mm. Three point bending tests were

~ conducted at two points of the loading rate K;, about 3 kPa/m/s (low loading rate) and about 200 k Pay/m/s
(high loading rate). Testing temperature was —10C.

The results are as follows;

(1) The effects of notch depth on the maximum fracture toughness Kiclmax, the median of fracture
toughness Kjclson and the minimum fracture toughness Kicly, were hardly observed. The value of Kiclnin
was not affected by the loading rate KI.

(2) The fracture surface changed from smooth to rough as the K¢ value became higher.

(3) The values of the ratio of the pop-in fracture toughness Kp to the fracture toughness Kic (K; at
maximum load) showed wide scatter and the mean value was about 76%.

(4) The pop-in crack has 2~3mm depth and is extending along the bottom of the notch across 1~3
crystal grains.

(5) Start of the fracture of the specime'n seems to have no correlation with the position of the first

pop-in crack.
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Table 1 Effects of notch depth on fracture toughness K¢

(a) Low loading rate (f({=.3 kPa/m/s)

(b) High loading rate (I.(I':.ZOO kPa/m/s)
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Notch Kic (kPa/m) C.0.V.|Sample| Notch Kic (kPa/m) C.0.V.[Sample
depth depth
a (mm) | max | mean| 50% | min | (%) | size a (mm) | max | mean| 50% | min | (%) | size
10 161.5| 97.1 | 94.8 | 75.2 {24.51| 20 10 111.4| 86.1 | 83.1 | 74.9 |12.50 VZO
20 163.0] 99.8 | 94.4 | 78.5 {20.70| 20 20 96.7 | 85.4 | 85.8 | 75.3 | 6.92 20
25 149.5(105.1|108.7 | 74.3 |{18.87| 20 25 121.9| 87.2 | 83.8 | 73.2 {13.86| 20
30 167.4| 97.8 | 92.7 | 72.1 {21.11| 20 30 96.6 | 83.2 | 81.0 | 73.8 | 8.53 19
~ 200 PP T T T T R 2 FHWTEREIT- 2. Table 1(a), ()i, &
IE § oo AREEE b & UERMEE CORBBRERL TV 3.
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Fig. 2 Fracture toughness K¢ vs.notch depth a
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