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Understanding the strength characteristics of model ice is an important issue for model testing in an ice model basin to
estimate the ship performance in ice, In particular, the mechanical properties of the model ice including elastic modulus,
flexural strength and compressive strength are key consideration factors, In order to understand the characteristics of the
model ice during warm-up phase at KRISO's ice model basin, the strength properties are tested in this study. The infinite
plate—bending method, in—situ cantilever beam test and ex—situ uniaxial compressive test are conducted to determine the
strength properties of model ice, The strength characteristics of the model ice are then analyzed in terms of the warm—up
phase and seasonality, These results could be valuable to quality control of the model ice characteristics in KRISO™ s ice
model basin and to better understand the variations in strength properties during the ice model tests,
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Table 1 Summary of similitude laws for model test in an
ice tank facility

Variable Scaling
Length L, =X,
Velocity v, = Vi,
Ice thickness h, = Ah,,
Compressive strength G, =~ Ao .
Flexural strength o, =Ao,
Elastic modulus E,=\E,
Frictional coefficient Hyy = fhyy,
Density pi, =P,
Poisson ratio v, =V,
Time T,= /X,
Force F,=XF,
Mass M,=XM,

where p and m refer to prototype and model, and A
denotes scale ratio, respectively
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Fig. 1 The first ice model basin at the Arctic and Antarctic
Research Institute in Russia (Photograph by Author)
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Fig. 2 Flexural strength characteristics for different types
of model ice (Wang & Lau, 2007)
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Table 2. Model ice type and generation methods in various ice tank facilities (ITTC, 2017)

Ice tank facility

Grain structure Chemical composition

Aalto University, Finland Fine—grained Ethanol
Aker Arctic, Finland Fine—grained Sodium chloride
Japan Marine United (former Universal Shipbuilding Corporation Fine-grained Urea

(former NKK), Japan

Krylov State Research Center (KSRC), Russia

Columnar and fine—grained Sodium chloride

National Research Council Canada, Ocean, Costal and River

CD-EG/AD/S

Engineering (NRC-OCRE, formerly the Institute for Ocean Columnar EG = Et.hylen‘e glycol

. ) AD = Aliphatic detergent
Technology and Canadian Hydraulic Laboratory), Canada

S = Sugar
CD-PG/EG/AD
Korea Research Institute of Ships and Ocean Engineering Columnar PG=Propylene glycol*
(KRISO), Korea * Recently added chemical
component

National Maritime Research Institute of Japan (NMRI), Japan Columnar Polypropylene glycol
The Hamburg Ship Model Basin (HSVA), Germany Columnar Sodium chloride
Tianjin University, China Columnar Urea
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Fig. 13 Relationship between flexural strength and compressive
strength of model ice in KRISO

Firg. 14 Comparison of icebreaking pattern between model—scale
and full-scale for the Korean icebreaking research
vessel Araon
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