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Material Properties of Arctic Sea Ice during 2010 Arctic Voyage
of Icebreaking Research Vessel ARAON: Part 1
- Sea Ice Thickness, Temperature, Salinity, and Density -
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ABSTRACT: A field trial in an ice-covered sea is one of the most important tasks in the design of icebreaking ships and offshore structures. To
correctly estimate the ice load and ice resistance of a ship’s hull, it is essential to understand the material properties of sea ice during ice field trials
and to use the proper experimental procedure for gathering effective ice data. The first Korean-made icebreaking research vessel, “ARAON,” had her
second sea ice trial in the Arctic Ocean during the summer season of 2010. This paper describes the test procedures used to obtain proper sea ice
data, which provides the basic information for the ship’s performance in an ice-covered sea and is used to estimate the correct ice load and ice
resistance of the IBRV ARAON. The data gathered from the sea ice in the Chukchi Sea and Beaufort Sea during the Arctic voyage of the ARAON
includes the temperature, density, and salinity of the sea ice, which was believed to be from two-year old ice floes. This paper analyses the gathered
seq ice data in comparison with data from the first voyage of the ARAON during her Antarctic Sea ice trial.
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Table 1 Average ice thickness in Chukchi Sea (cm) (Ostreng et

al.,, 1999)
Oct Nov Dec Jan Feb Mar Apr May
22 51 83 110 132 150 160 168

Fig. 1 Ice field test sites
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Fig. 2 Profiles of ice thickness (August 3, 2010)
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Fig. 3 Profiles of ice thickness (August 4, 2010)
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Fig. 4 Profiles of ice thickness (August 5, 2010)
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Fig. 6 Thickness measurement using ice gauge
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Fig. 8 Ice temperature measurement
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Table 2 Physical-mechanical ice properties

Core Temp. Salinity Densi

Pate site (O (k) (g/em)
Om -0.74 1.81 0.87
80 m -0.70 1.63 0.90
2010.08.03
160 m -0.88 2.50 0.95
Mean -0.77 1.98 0.91
Om -0.76 1.98 0.95
100 m -0.79 2.01 0.89
2010.08.04
150 m -1.07 3.53 0.95
Mean -0.87 2.51 0.93
Om -1.06 2.60 0.89
100 m -1.34 253 0.92
2010.08.05
200 m -0.59 1.05 091
Mean -1.00 2.06 0.90

lee temperature (¢ )

04

1.4 1.2 -1 0.8 04 04 0.2 a 02
0 - 1 1 1 1 1 I
+
20 I
a0 - .
ol £t
80 - N +
Py
100 - +
. +
12044
E + |
O 140 - |
c <+
B 100 B .
180 -y 1 :
200 + + Foint# 1
290 i | Foint#1 -2
G A4 Foint#1 -3
240 — - O Point#2 -1
< Foint#2 -2
260 —----- Point#3 -1 -
20 + x Foint#3 -2
7 $ O Foint#3 - 3
300 -
Ice temperature [ C )
15 -14 -1.2 -1 1B -0 -4 -02 0
| 1 1 1 1 1 1
[T
20 i
& ¢
47 18] <
Yo o g
] = O !
o ¢
7 O o
- #o om
g o Ly
E |
B o0 !
Q + X ﬁ
141~ o Q- & Foint#1 -
O o Frint#l -2
162 o : Fain | #1 3
O (0] Foint#l - 1
i + Fointidl -2
183 +-3-< 1 ® Foinlas -3
Q ga = Fon
20 o s Fointis - 2
L Foinl %2 -3
227 -
Ice temperature { © )
1 1 E 1.4 14 | 08 0 0.1 [
0 1 | I | 1 | |
’ A
" 0 ¢
A
: & 4 |
B oo R g A -t |
120 - + ﬁ $
160 2
+ * 4
S0 ! A
ool | * 8 .
5. -
B 260 F-3 ﬁ
a A
320 A
S )
360 — 1
+
a00 <
A Foin. #7-1 |1
240 L Painz #7- 1 1
o Foinz#2-1 |1
agn - [a] FPoin: #3 . 1
& Foin: #3- 2

san -

Fig. 9 Profiles of ice temperature (Arctlc 8/ 3~8/5 2010)
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Fig. 11 Profiles of ice density (Arctic 8/3~8/5, 2010)
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Fig. 12 Profiles of sea ice properties (Likhomanov, 2010)
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