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Material Properties of Arctic Sea Ice during 2010 Summer
Arctic Voyage of the Icebreaking Research Vessel ARAON

by
DAE-HWAN KIM

Department of Ocean Engineering

Graduate School of Korea Maritime University

ABSTRACT

To correctly estimate ice load and ice resistance on ship’s hull, it is essential
to understand the material properties of sea ice during ice field trials and to
perform the proper experimental procedure by gathering ice strength data.
The first Korean-made icebreaking research vessel ARAON had her second
sea ice trial in the Arctic Ocean during July and August, a summer season
of 2010. This study describes test procedures to obtain proper sea ice
strength data which provides the basic information to ship’s performance in
ice-covered sea and to estimate the correct ice load and ice resistance on the
IBRV ARAON. The data gathered from three sea ice field trials during the
Arctic voyage of the ARAON includes ice temperature, ice salinity, ice
density, ice compressive strength, ice flexural strength and failure strain of
sea ice through the sea ice thickness. This study analyses the gathered sea
ice data in comparison with data from the first voyage of the ARAON
during her Antarctic Sea ice trial in January, 2010, sea ice field tests in

Svalbard in April, 2010 and another Arctic sea ice trial in August, 2011.
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Fig. 1-3 Aerial Photo of ARAON during Antarctic Field Test(Jan. 2010)
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Fig. 1-4 Aerial Photo of ARAON during Arctic Field Test(Aug. 2010)
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Fig. 2-7 Sea lIce Concentration 9/10
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Fig. 2-8 Ice Thickness Measuring Apparatus

Fig. 2-9 Auger Fig. 2-10 Tape Measure
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223 ¥Z(Sea Ice Salinity)
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224 259} UX(Sea Ice Temperature and Density)
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Fig. 2-15 Hand Drill

Fig. 2-16 Digital Probe Thermometer

Fig. 2-17 Hand Scale
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225 AAFZ(Crystal Structure of Sea Ice)
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Fig. 2-19 Cross-polarized Light Photographic Apparatus
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E(Sea Ice Compressive Strength & Failure Strain)
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Fig. 2-33 Sea Ice Core Sample Cutting Machine

Fig. 2-34 19cm Sea Ice Core Sample Cut with the

Cutting Machine
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Table 3-1 Sea Ice Condition at the Field Test Sites

No. (Lat?i?ng.) Conc?%t)ration SiIzCee (ijfloseea Air(%e)mp. I(Caevél;gelfn re;l;)s

(m) Measure EM31
1 (772000113;1052;863% 70 ~ 80 | 200 x 80 | -2 2.24 2.24
2 | A0SO 70~ 80 280 x 100 2 1.88 1.92
3 |2 o, 90 ~ 100 | 300 x 110 | 2 246 -

t}-2 Table 3-1¢] 2010\d AEZ EZFs|A Al 2 HAIFEHAE EZAFA
d Aadd dis EsA gl sk

13 A& (Fig. 3-1)& &Ax Aztez 20109 8Y 39 13:00A7% 77°01N,
159°56W H-Zo Al AAlstyt}. s "WHAE= 70~80%, thirlexs -2TCTE
BY1 sy z7)E 200mx80m FEITH Mul F@ AT S 160mz At
FIAYE BAS T AL FHEE 10m HFHS 2 160m7tA] AugerdH| &} &
ZHFig. 2-10), 283 F-8 EM X}7]f=73H](Electromagnetic induction, Fig.
2-11) ol&sto iy FAE FAsIAT. A E4E AMES S-S 23 o
224m# 143~345m E XS HYth =3 EMAH 2 SHE g T 94
H 2.24m=2 29k 1.82~3.00m EXE HolH Hmy IXEL B rhFig.
3-4).

i
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22} Al¥(Fig. 3-2)& 20103 89 49 15:00A 3 13} A| @7 "3k 9| X)) A]
AAstger e HEE 70~80%E HYD U= 2CTE A2 ¥
Z3tg9th e =ZrE 280mx100m FERITL FRAZE 210mz At}
F EZ 12 A @ RTEAIR 10m 7FA e 2 210m7bA] 3ok EMAAH|E

23359t 14 A2 A7 HAF 1.88m=E 0.70~240m
o] BXZ XYy EMAHE HF 1.92m=z 1.23~2.24m EEXE H Jc}(Fig. 3-5).

nlR) et 33} Al L (Fig. 3-3) 2010 8Y 54 16:004]7 23} A Fio|A 9]
T 9k 1° a7 AN AASIT s WHEE A9 100%E R
frless Ag AgFAe drieze & 2CE B W are
300mx110mYP T 3 A2 200ms Astn APL AAFPoH e FHE
B 20m Aoz Zxsk EMPHE ALgSte] W FAE FFsdch A4
ASFE 23 1, 23 AFFLRY HuF FA4L Hd 246mzE 1.35~348m &
g HYrhFig. 3-6). A5k o] XY WYL ddZFo] old ThFF L Hol=H|

l-‘l

Y Alolol]l FZo] EAsl HME G2 wjFe FAEEE o]gsE EMAEH] 9
EQA 2 217l HAEle 33 Ao S HelHe @Al gun &
st A9 st
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Fig. 3-1 Field Test Site #1

Fig. 3-2 Field Test Site #2

Fig. 3-3 Field Test Site #3
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Fig. 3-4 Sea Ice Thickness at the Field Test Site #1
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Fig. 3-5 Sea Ice Thickness at the Field Test Site #2
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Fig. 3-6 Sea Ice Thickness at the Field Test Site #3
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Table 3-2 Sea Ice Properties at the Field Test Sites

NO.| Coring Site(m) | Temp.(C) | Salinity(%,) Density(g/ cr) 2
0 -0.74 1.81 0.87 0.14
80 -0.70 1.63 0.90 0.14
! 160 -0.88 2.50 0.95 0.16
Average -0.77 1.98 091 0.15
0 -0.76 1.98 0.95 0.16
100 -0.79 2.01 0.89 0.14
2 150 -1.07 3.53 0.95 0.18
Average -0.87 251 0.93 0.16
0 -0.59 1.05 091 0.12
100 -1.06 2.60 0.89 0.13
] 200 -1.34 253 0.92 0.10
Average -1.00 2.06 0.90 0.11
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Table 3-3 Sea Ice Strength at the Field Test Sites

NO. | Coring Site(m) | Compressive Strength(MPa)| Flexural Strength(MPa)

0 1.40 0.16

1 80 1.55 0.19
160 1.84 0.15

Average 1.60 017

0 1.37 0.16

100 1.67 0.18

? 150 1.60 0.14
Average 1.55 0.16

0 2.70 0.21

100 243 0.29

° 200 1.91 0.26
Average 2.35 0.25
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Fig. 3-14 Sea Ice Strength at the Field Test Site #3
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Fig. 3-16 Crystal Structure(Vertical direction, site #3(3.7m, 1.2m), grid size: 1cm)

Fig. 3-17 Crystal Structure(Horizontal direction, site #1(1.5m, 0.4m), grid size: lcm)
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4. ARASAE ol Wl &4

ol¥l 2010'd 8€oll UUYY ARAONZ HF3] HGAZAIE HolHE EWE
2010d 29 ARAONZ F3oA A2 dlolHel 2010d 49 16Y =2 ]
b, 201149 849 553 FZAASAFAA A5 volHE vz A48t
Ak

Table 412 2010 29 ARAONZ w38 Al&d A 240} A7 (Arctic
and Antarctic Research Institute, AARDe] A =3+ HlolHE AHelgk Aot
(Likhomanov, 2010). & oAl 2 S] AFASAIEe] AAEHUL 2 F Al =
#d dHelHE Aystdnt = WS 2010d 8¥e] BT ti=A o
Im FAE Role AFAA 1dAYNS B e H34== 20108 &=
3 AFASAFANA AFEEIYE AP 4 (Timco and O'Brien, 1994)2 3] 3t
Aoz FHsATh

Table 4-1 Sea Ice Properties at the Antarctic Sea Ice Trial in January, 2010

fin)

Ice Coring Flexural

Date . . Temp.| Salinity Density
NO. Thickn Sit 5 ; St th
(Lat,Long) "™ " ) 1 (©) (%) (/cr) | ”(vipa)
0 -1.64 3.67 0.78 0.29
1 2010.01.26 0.60~1.80 200 -1.62 1.83 0.79 0.49
(7e475157°22W)  (096) | 500 | -1.90 | 583 0.88 0.19
Average | -1.74 3.98 0.82 0.32
0 -1.99 5.37 0.79 0.24
200 -1.93 3.85 0.87 0.29
o | 20100127 07071050 g 0.77 0.40
(74°255,137°59W) (0.91) s : : .
700 -1.75 5.20 0.84 0.20
Average | -1.92 444 0.81 0.29
0 -1.74 3.50 0.81 0.31
200 -1.77 4.67 0.82 0.24
3 | 20100129 (0857125 o g 0.82 0.26
(74°255,137°59W) (1.01) = : : :
500 -1.69 3.37 0.76 0.33
Average | -1.72 3.91 0.80 0.28
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FAZFAE dHeolHE Attt & F A ARE HAASEen AFAHo
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Fig. 4-4 Field Test Site at the Arctic Sea Field Test Site in August, 2011
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Table 4-2 Sea Ice Condition at the Arctic Sea Ice Trial in August, 2011

No Date e off Ton Jes Ice Thickness(average, m)
: (Lat,Long.) Floe (m’) Measure EM31
2011.08.11
1 (78°00N,173°541) 100 x 45 217 2.28
2011.08.12
2 (775N 173753F) 110 x 55 145 1.74
2011.08.11
Coring Site (m)
0 10 20 30 40 50 60 70 80 a0

Thickness of Arctic Sea ice(m)

4 - - = Measure
EM31
gl | s | S OB O ER | — e — Measure(Aver.)
— = —  EM31{Aver)
6_

Fig. 4-5 Sea Ice Thickness at the Arctic Sea Field Test Site #1 in
August, 2011

20110812
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— 6~

Fig. 4-6 Sea Ice Thickness at the Arctic Sea Field Test Site #2 in
August, 2011
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Table 4-3 Sea Ice Properties at the Arctic Sea Ice Trial in August, 2011

NO. (Coring Site p b ) ITemp. ()| Salinity(%) [Density(g/ cr)| Stonah
(m) (MP3
10 20.80 0.20 B B
0 70 1.70 140 0.87 0.55
160 1140 2,60 091 0.29
10 0.20 0.10 0.74 ;
) 50 110 20.80 1.60 0.89 0.25
260 11,50 1.90 091 0.40
10 010 0.20 0.75 ;
90 80 20.80 1.10 0.92 0.34
114 2050 150 0.93 -
Average 082 118 0.86 0.37
25 20,10 0.10 0.74 ;
10 95 0.70 1.20 0.89 0.27
150 11,00 140 091 0.35
20 0,10 0.70 0.75 ;
) 50 90 11.00 210 0.92 0.24
150 140 2.00 0.93 0.36
10 0.10 0.10 0.88 h
90 70 0.00 0.70 0.89 ;
160 11.20 1.30 0.90 0.4
Average 20.60 1.07 0.87 0.33
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Table 4-4 Sea Ice Properties at the Svalbard Island in April, 2010
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Table 4-5 Sea Ice Properties at the Arctic Sea Ice Trial in August, 2010

Compressive
No. Temp.(C) | Salinity(%y) [Density(g/ cr) Vr Strength
(MPa)
1 -1.1 0.98 1.3 0 1.78
2 -1.1 0.98 14 0.01 1.24
3 -1.2 091 0.8 0.05 3.71
4 -1.3 0.99 2.8 0.05 1.95
5 -1.1 0.92 1.2 0.06 1.69
6 -1.3 0.93 2 0.07 1.07
7 -1.3 0.99 3.1 0.07 2.25
8 -0.7 0.92 0.9 0.08 1
9 -0.7 0.98 1.5 0.08 1.28
10 -1 0.92 14 0.08 2.51
11 -1.7 091 2.6 0.09 1.19
12 -1.5 0.94 29 0.09 1.62
13 -14 0.93 2.6 0.09 3.63
14 -1.1 0.93 1.9 0.09 1.11
15 -14 0.97 3.6 0.09 2.65
16 -0.9 0.92 i.7 0.1 2.83
17 -14 0.94 3 0.1 2.86
18 -1.3 0.93 2.6 0.1 1.79
19 -1.6 091 3.1 0.11 1.93
20 -1.2 0.92 23 0.11 2.15
21 -1 0.93 2.3 0.12 2.62
22 -1.5 0.89 2.6 0.12 2.97
23 -14 0.94 3.5 0.12 3.42
24 -1.7 0.89 28 0.12 2.3
25 -0.8 0.92 1.6 0.12 1.84
26 -1.5 0.92 3.7 0.13 2.72
27 -1.2 0.96 3.7 0.14 34
28 -0.7 0.93 1.7 0.15 1.98
29 -1.3 0.98 4.7 0.15 0.77
30 -1.1 0.92 3 0.16 1.94
31 -1.2 091 3.2 0.16 1.45
32 -1.2 0.94 3.8 0.16 1.98
33 -0.7 0.92 1.8 017 0.83
34 -0.7 0.92 1.8 017 1.35
35 -1.5 0.92 4.9 0.18 2.57
36 -0.7 0.93 2.2 0.2 1.48
37 -0.8 0.98 3.2 0.2 1.19
38 -0.7 0.9 21 0.21 1.35
39 -1 0.85 24 0.21 1.3
40 -1 091 3.8 0.23 1.66
41 -0.6 0.86 2.3 0.32 1.59
Average -1.14 0.93 2.53 0.12 1.97
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Table 4-6 Sea Ice Properties at the Svalbard Island in April, 2010

Compressive
No. Temp.(C) | Salinity(%,) [Density(g/ cr) Vp Strength
(MPa)
1 -3.5 0.98 4.34 0.01 4.78
2 -3.5 0.96 4.22 0.02 4.62
3 4.4 0.95 4.46 0.02 441
4 47 0.95 441 0.02 2.39
5 -3.6 0.96 4.78 0.03 2.58
6 -3.6 0.95 4.36 0.03 2.6
7 -3.1 0.95 4.36 0.04 25
Average -3.77 0.96 4.42 0.02 3.41
&

+ 201003 Arctic Sea

B 201004 Svalbard s,

Compreggive Btrength (MPa)

] 0.0= 0.1 01& o0z 025 0.3
Porogity (¢r)

Fig. 4-9 Sea Ice Compressive Strength vs. Porosity
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