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The Korea Research Institute of Ships & Ocean Engineering (KRISO) has an ice tank to make a test environment similar to the real ice
in the polar sea in order to carry out model tests, One of the most important task of the ice tank is to generate the model ice to have
similar material properties as sea ice. The primary properties of sea ice which influence the ice performance of ice breakers and
ice—strengthened vessels traveling in the polar sea are ice thickness, flexural strength, density, modulus of elasticity and crystal
structure etc, Among them, since the density of model ice influences the buoyance resistance of ice for the ship model, the accurate
measurement of ice density should be used to obtain the accurate analysis results from the model test, In this paper, some existing
methods to measure the density of model ice are reviewed and a new one is proposed to measure it accurately and easily as possible,
In this study, the measuring system including an UTM and several measuring devices was established to obtain the model ice density.
Polyethylene and ice specimens are used for a series of repeatable measurement tests, From the results, it was recognized that both
of the displacement method and the weight/weight methods gave the stable and favorable tendency:.

Keywords : Ice density(EJ2IE) Sea ice(GlE)), Ice model basin(ElaH4=X), Model ice(2&E))
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Table 1 2V Push—pull gauge calibration result
2 N Push—pull gauge — IMADA

Counterpoise Measured Weight

Weight (g) N g Error (%)
9.999 9.891 1.08
19.998 19.885 0.57
29.996 29.98 0.05
39.995 39.87 0.31
49.995 49.97 0.05
100.00 99.932 0.07
149.995 150.102 -0.07
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Fig. 3 Measured loads according to the UTM load
speeds

Table 2 Measured load values according to various

moving speeds

Speed 50 60 70 80
NO. mm/min | mm/min| mm/min| mm/min
1 0159 N | 0156 N | 0.163 N | 0.161 NV
2 0152 N | 0155 N | 0.158 N | 0.163 IV
3 0.166 N | 0.163 N | 0.161 N | 0157 NV
4 0153 N | 0160 NV | 0.160 N | 0.159 NV
5 0.162 N | 0155 N | 0.159 N | 0.166 V
AVE. 0.158 & | 0.158 ¥ | 0.160 N | 0.161 NV
Speed 90 100 110 120
NO. mm/min| mm/min| mm/min| mm/min
1 0174 N | 0194 N | 0.200 N | 0.212 NV
2 0182 N | 0182 N | 0192 N | 0225 NV
3 0174 N | 0190 ;v | 0227 N | 0.238 N
4 0181 ~ | 0196 v | 0229 N | 0.204 N
5 0178 N | 0187 N | 0217 N | 0.214 N
AVE. 0178 N | 0190 ¥ | 0.213 N | 0.219 NV
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Fig. 6 Repeatability test result of the density measurement
for the PE specimen

Table 3 Results of measuring the density of PE

specimen
NO. Buoyancy, F Drain water weight,
[V] Wy, Lgl
1 0.137 286
2 0.146 288.5
3 0.138 286.5
4 0.128 281.5
5 0.134 282
6 0.127 282.5
7 0.130 283.5
8 0.127 288.5
9 0.135 282.5
10 0.138 284.5
AVE. 0.134 284.6
Displacement Weight/Weight AVERAGE
method [g/em?®] | method [g/cm?] Lg/em?®]
0.954 0.955 0.954
0.951 0.947 0.949
0.953 0.954 0.953
0.956 0.970 0.963
0.954 0.969 0.961
0.956 0.967 0.962
0.956 0.964 0.960
0.957 0.947 0.952
0.954 0.967 0.960
0.953 0.960 0.957
0.954 0.960 0.957
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Table 4 Measuring position on ice sheet
Melting Tank
CH 1 CH 2 CH 3 CH 4 CH 5 CH 6
35m

30m

25m

20m

15m
10m

Trimming Tank

Table 5 Results of using the Mass/Volume method

Limm] | Blmm]| | H[mm)] Wigl D[ g/cm3 ]

CH
3-156m | 26.84 | 568.14 | 148.82 | 202.5 0.872
4.5-15 m| 25.92 | 54.82 | 134.57 | 161.9 0.847
3.5-25 m| 26.29 | 61.5 | 156.88 | 222.9 0.879
3-35 m | 30.00 | 57.57 | 150.96 | 238.6 0.915
4.5-35 m| 26.04 | 65.43 | 166.07 | 251.2 0.888

AVE. 27.02 | 59.49 | 1561.46 | 215.4 0.880
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Table 6 Results of measuring the density of model

ice
CH 3-15m 0.865 0.896 0.881
CH 4.5-15m 0.889 0.830 0.859
CH 3.5-25 m 0.889 0.893 0.891
CH 3-35 m 0.883 0.932 0.908
CH 4.5-35m 0.873 0.883 0.878
AVE. 0.880 0.887 0.883
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Fig. 7 Measured density of EG/AD-CD model ice
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