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An Experimental Study for the Mechanical Properties
of Model Ice Grown in a Cold Room
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ABSTRACT: A full-scale field experiment is an important part in the design of ships and offshore structures. Full-scale tests in the ice-covered
seq, however, are usually very expensive and difficult tasks. Model tests in a refrigerated ice tank may substitute this difficulty of full-scale fieli
tests. One of the major tasks to perform proper model tests in an ice towing tank is to select a realistic material for model ice which shous
correct similitude with natural sea ice. This study focuses on the testing material properties and the selection of model ice material which wil
be used in an ice model basin. The first Korean ice model basin will be constructed at the Maritime & Ocean Engineering Research Institut
(MOERI) in 2009. With an application to the MOERI ice model basin, in this study the material properties of EG/AD/S model ice of 10T

(Institute for Ocean Technology) Canada, were tested. Through comprehensive bending tests, the elastic modulus and the flexural strength i

EG/AD/S model ice were evaluated and the results were compared with published test results from Canada. Instead of using an ice modd
basin, a cold room facility was used for making a model ice specimen. Since the cold room adopts a different freezing procedure to make mod
ice, the strength of the model ice specimen differs from the published test results. The reason for this difference is discussed and the futur

development for a making model ice is recommended.
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Table 1 Similitude law for ice model basin experiments
(p: prototype, m: model)

Length l[) = A,
Velocity p Vo m
Ice strength 0 ,=h0 ,
Ice thickness h p M,
Elastic modulus E,=AE,
Friction coefficient f p =1,
Poisson's ratio Vo=V

Ice density Pp=Pm
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(Schwarz, 1981: Timco, 1984).
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Table 2 Strength properties of various model ice material
(Zufelt and FEttema, 1996)

Elastic modulus/

Flexural Compressive

Material strength  Flexural strength strength zﬁ;}sﬁc
(kPa) (Elo ) (kPa)
Sea ice 700-800 2,500-4,500 8,000-12,000(v) 091
Freshwater 10,000(v)
) 500-1500 1,500-1,600 092
ice 1,500-3,000(1)
120-250¢ 093
Ureadoped 20120 1,000-2,500 (©)
75-160(h) 0.94
150-370y
EG/AD/S 20-100 1,500-2,500 () 093
80-280(k)
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Table 3 Procedures in making model ice specimen

Solution Warm-up  Seeding Tester
Original
Test1 N N
EG/AD/S
(High concentration)
UIM
EG0.46%
Test 2 N N for
AD 032% .
bending tests
5049%
Original
Test 3 N Y
EG/AD/S
Original Push-Pull
Test 4 Y Y
EG/AD/S gauge
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(b) Model ice specimen
Photo. 1 Containers of EG/AD/S mixture solution and the ice
specimen cut from frozen model ice (Test 1-3)
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(b) Model ice
Photo. 2 Model ice sheet grown in a small ice tank (Test 4)

(b)
Photo. 3 Thin sections of model ice grown in (a) Test
3 and in (b) Test 4
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Table 4 Test results of the model ice

No. o ;(KPa) E(MPa) Elo;

Test 1 710 578 822

Test 2 910 328 395

Test 3 620 1270 2109

Test4 65 N/A N/A
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Fig. 5 Measured flexural strength of model ice specimen vs.
warm-up time (Test 4)
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