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A Study on Standardization of Ice Mechanics

Experimental Techniques with a Cold Room

by
JUNG-HYUN KIM

Department of Ocean Development Engineering

Graduate School of Korea Maritime University

ABSTRACT

The cold room is an essential part of the laboratory facilities for ice research and cold
regions engineering. The experiment with a cold room includes various tests of materials at
low temperature, whose range is often encountered in the Arctic. As a hon-arctic country,
the first Korean cold room facility for ice mechanics experiments was assembled in 2004.
Since then, the 4 m x 6 m cold room facility has been extensively used under various
different environmental and loading conditions. After reviewing published references on
cold room testing methods and also by trial and error, the standard procedures for testing
and preparing laboratory ice material were established for the measurement of basic ice
properties. Laboratory-grown fresh water ice was used in the cold room, especially for
unconfined compressive strength tests. Preparation techniques and dimension of the
specimen are the most important issues arising in cold room tests. The details of specimen

preparation, testing procedure and analysis of the strength test results are discussed.
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Fig. 3-1 Cold room facility for ice mechanics experiments

Fig. 3-2 The 20-ton class UTM for compression and bending tests

Fig. 3-3 Microtome for thin section photography
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Hawkes and Mellor(1972)
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liquid upon freeze-up of the ice column

Fig. 3-4 Preparation of polycrystalline ice specimen in Glen(1953)
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Fig. 3-5 Preparation of polycrystalline ice specimen
in Hawkes and Mellor(1972)
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Timco(1982)
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Fig. 3-11 a. Cross section of cylindrical specimen, b. Large scale same
as in (a), ¢. Same as in (b), with the addition of side(reflected)

light (Barrette and Jordaan, 2001)

Fig. 3-12 Thin section photograph untested ice specimen (&= /Omm, 7/0mm)
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Table 4-1 Strength of fresh water ice as function of strain-rate

specimen temperature strain-rate o,
(no.) (C) (s Y (MPa)

4-A9 -15 3.15E-04 9.982
3-Al -15 3.03E-04 13.862
3-D1 -15 3.03E-04 13.194
2-A6 -15 3.03E-04 11.735
5-A7 -15 3.03E-04 9.079
4-A8 -15 2.85E-04 10.831
6-Ab -15 2. 75E-04 9.212
4-A7 -15 2.60E-04 9.712
6-A6 -15 2.50E-04 10.819
3-B1 -15 2.30E-04 9.441
4-B1 -15 2.30E-04 7.899
6-A7 -15 2.00E-04 10.193
6-A8 -15 2.00E-04 9.033
4-A2 -15 1.80E-04 10.065
5-A9 -15 1.80E-04 10.753
3-C1 -15 1.70E-04 11.582
2-A3 =15 1.52E-04 9.67

2-A5 =15 1.52E-04 9.161
4-A1 -15 1.50E-04 9.887
4-B2 b, 1.20E-04 9.174
4-A6 =15 1.00E-04 9.012
5-B2 S 8. 70E-05 8.519
3-D3 -15 7.58E-05 11.666
4-A3 -15 7.58E-05 10.167
5-A10 -15 7.58E-05 7.138
2-Al -15 7.58E-05 5.364
2-A2 -15 7.58E-05 6.358
6-Al -15 6.50E-05 7.582
6-A2 -15 6.50E-05 5.917
3-B2 -15 5.95E-05 10.932
2-B6 -15 5.95E-05 9.734
4-A5 -15 5.01E-05 6.214
5-All -15 450E-05 6.715
5-A12 -15 450E-05 3.911
5-A13 -15 450E-05 7.589
3-C2 -15 4.20E-05 9.097
6-A3 -15 3.00E-05 6.571
6-A4 -15 2.50E-05 6.132
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Fig. 4-5 Typical stress-strain curves for two different failure modes
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