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Analysis of the IBRV ARAON'’s Ice Field Data and

Development of a Numerical Code for Ice Load Estimation
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Analysis of the IBRV ARAON’s Ice Field Data and
Development of a Numerical Code for Ice Load Estimation

Jin Myung Kim

Department of Ocean Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Ice loads estimation is an important issue in the design of an icebreaking
vessel. The most common method for predicting hull ice loads is to measure
strains of ship’s hull and to calculate ice pressures by using strain gauges

installed on the inner hull plating of the ship.

In this study the equivalent stresses in the hull plating of the IBRV ARAON
and the local ice pressures/loads were estimated through the analysis of strain
data measured during ARAON’s Antarctic voyage (2012) and Arctic voyage
(2015). The influence coefficient matrix for calculating ice pressures/loads is

discussed. The concept of “events” was adopted for describing peak ice
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pressures and speed of ship.

The threshold values of 15MPa for equivalent stresses and 1MN for peak

ice loads were chosen to analyze significant local ice loads on the hull plating.

Meanwhile the global ice loads were estimated by using the measured data
from the 6-DOF inertial measurement system installed at the center of
gravity of the ARAON. The calculated results (Global Ice Loads) were
compared to those of local ice loads from strain gauge measurement. It was
found that the global ice loads were 3-4 times higher than the local ice loads
for the case of 2015 ARAON’s Arctic voyage.

Finally, a numerical code for calculating local/global ice loads from the
measured data (Strain Gauges and Motion Sensors) was developed by using
MATLAB language. The developed GUI program can handle a large amount of
data efficiently.
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0.413 0.314 0.257 0.515 0421 0313 0.549 0436 0396 0.644 0.743 0737 0748 1468 2.717 8.066 44.78113.456 2799 3.801 4279 1.644 1499 1137
0.467 0376 032 0.572 0481 0368 0.601 0.513 0.46 0.648 0.815 0862 1351 2133 3.131 3.759 13.21247.978 2503 425 5457 1649 1633 1377
0.199 0.133 0.105 0.269 0213 0161 031 0.211 0187 0411 0372 0318 0541 0.538 0.519 0498 1.303 1.546 39.068 9.099 4309 2.195 2.668 2.935
0.247 0177 0.142 0332 0271 0.209 0.385 0.273 0.236 0.502 0469 0411 064 0.702 0.735 0.79 1.557 2.66 8375 4432413081 2.969 4.438 5.021
0.279 0.212 0173 0373 0312 0247 0433 0.322 0.275 0.551 0531 0478 0.658 0.793 0.894 1421 2.268 2.997 3746 1251547.244 2.706 4.724 6.263
0.088 0.059 0.054 0.128 0.101 0.082 0.151 0.104 0.098 0.215 0193 0172 0305 029 0.264 0.367 0.384 0394 0419 106 1404 3856 10.107 6.324
0.115 0.087 0.077 0164 0134 011 0.197 0.142 0129 0.277 0257 0239 0405 0416 0.388 0.445 0.526 0.616 0539 1556 2731 8.702 44.92916.678

a8 3-4 20159 B2 glolg B4 A AR G SR HA(FH)

[ 40.927 9.085 3.538 2.508 2959 2.895 1.454 1151 0.848 1.201 1088 0.92
8.155 45456 12.481 2.896 4508 4549 1.6031.399.1.058 1.307 1253 1111
2.557 11.98847.815/2.398 4608 5.348 1.565 1489 1.292 1.312 1317 1231
0.749 129 1.528741.74 9905 4.101 2.244 2973 34181.568 1326 104
0.835 1497 2.666 8774 47.04613.645 2.733 4.611 5.301 1.677 1588 1291

14 2061 2.893 3.587 14.03948.862 2.316 4.878 6.183 16 1673 1527
0.775 0568 0416 0.688 144 1395 42.17610.387 4408 2.993 3636 3.252
0.866 0.691 0.547 0.983 155 2243 92.024 46.838 13.35 3.356 4912 4.713
0.858 0.738 0.628 1512 2008 2414 3.648 13.32448.323 2.709 4.87 5418
0.617 0417 0.314 0.837 077 058 0.905 1.147 1.399 41.051 9546 399
0.709 0.514 0406 0.985 1008 0.815 0.912 1.325 2.381 8.455 45.824 13.18
0.766 0.594 0491 1027 1127 0969 1.308 1813 256 3.198 12.94 47947

a9 3-5 20159 5= HolE &4 Al A" FEATAFE(G-D)
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[40.927 9.085 3538 2.508 2959 2.895 1454 1.151 0.848 1201 1.088 092 1048 0.937 0.839 0.928 0.852 0.782 0813 0778 0732 0.729 0.711 0.678 |

0.136 011 0.098 0191 0.161 0.136 0.232 0.179 0162 0.324 0309 0298 047 0.507 0493 0.465 063 0831 1322 2377 3278 4.161 14.59351.645
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von Mises 3= A4t
&3 15 AAHEAE AHEgk Aol

=¥ 3 30719
o

Ik

3L

AEE oz sy
sk AlAFA 3, von Mises &

28 o

ol 19 3-10¢] ZAISIATE 8% Al

E 3-1 AT wE HY s AdEd

Coll

Maximum Stress [MPa]
Test No. 3-axis 1-axis 1-axis
von Mises eq. Hooke’s law von Mises eq.
1 50.370 30.629 36.212
2 94.489 63.798 75.427
3 127.950 87.237 103.138
4 38.434 27.691 32.739
5 76.293 52.311 61.846
6 109.444 75.231 88.944
7 3.547 0.137 3.041
9 223.700 150.561 178.005
10 200.157 129.107 152.641
11 82.141 59.904 70.824
12 148.614 98.848 116.865
13 12.303 7.437 9.538
14 101.934 71.953 85.068
15 120.590 84.166 99.507
16 91.990 66.028 78.063
17 109.152 76.754 90.745
18 118.883 85.326 100.879
19 104.029 69.266 81.891
20 180.813 123.511 146.024
21 65.466 38.537 45.561
17 -
ection @ kmou
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313 =& WaF Addzn

2012 AT otz F olEAls|(Amundsen Sea) BAF Al T ¥
o] &4 AHYAIFENo. 5, No. 200°] +=HHAIL T4 HYAIFC] ofd Lk
TAE €53 FE0] AdHE Ao 2EHUACIAZRE HIES ASF
sttt dRted T ASE HolHe & 1970t & 3-2¢ 2012 ofgt2 %
o 4 AYAE L L F 715" volEE AUF Aok

E 3-2 2012 ofgfs e

No. | Date Time[UTC] Latitude[S] Longitude[W]

1 02.10 19:00 ~ 19:10 71-53-02631 | 71-54-04719 | 117-31-44301 / 117-29-03145
2 02.10 19:15 ~ 19:45 71-54-69490 / 71-58-78034 | 117-27-22903 / 117-17-43584
3 02.10 20:50 ~ 21:20 72-06-43034 | 72-10-28183 | 117-02-65950 / 116-57-45178
4 02.20 00:45 ~ 01:15 73-28-23775 | 73-31-99157 | 110-09-96026 / 109-10-97807
5 02.22 11:00 ~ 11:30 73-28-52103 / 73-30-16319 | 108-42-94181 / 108-51-87029
6 02.27 02:10 ~ 03:30 73-51-30624 | 73-48-75092 | 106-04-65689 / 106-30-18245
7 02.27 10:00 ~ 10:30 73-48-36476 1 73-49-97927 | 106-31-61515 / 106-24-37128
8 02.28 13:15 — 14:30 73-37-33015 /| 73-34-44119 | 109-29-64878 / 109-38-61929
9 02.28 14:35 — 15:40 73-37-33015 | 73-34-44119 | 109-29-64878 / 109-38-61929
10 | 02.28 15:45 — 18:00 73-33-20699 / 73-31-95289 | 109-40-98492 / 109-45-51126
11 03.01 11:35 - 13:30 72-51-84896 | 72-28-20615 | 117-27-49795 / 116-23-15399
12 03.01 13:40 - 16:00 72-51-84896 | 72-28-20615 | 117-27-49795 / 116-23-15399
13 03.01 16:05 — 16:25 72-51-84896 | 72-28-20615 | 117-27-49795 / 116-23-15399
14 03.02 02:15 ~ 03:45 72-27-57210 | 72-26-18404 | 116-19-40474 | 116-55-02788
15 03.02 05:25 — 07:45 72-26-13297 | 72-02-99941 | 116-53-35729 |/ 116-49-61448
16 03.02 07:55 — 09:20 72-26-13297 | 72-02-99941 | 116-53-35729 |/ 116-49-61448
17 | 03.02 09:30 — 11:40 72-26-13297 | 72-02-99941 | 116-53-35729 |/ 116-49-61448
18 03.02 14:40 — 16:35 72-03-21447 | 72-23-98552 | 117-06-12601 / 117-42-19088
19 03.02 16:45 — 18:30 72-03-21447 | 72-23-98552 | 117-06-12601 / 117-42-19088
20 | 03.04 04:20 ~ 05:30 72-14-87371 | 72-11-78717 | 117-50-19679 / 117-55-27713
21 03.10 23:20 ~ 01:40 73-29-44644 | 73-26-36582 | 109-49-54272 |/ 109-56-36658
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A& A 108 &< HlolHE AREste] A4tE 3o =5 Wstss HA

03

Left Load[MN]
Ship Speed[m/s]

Time[sec]
a9 3-11 Aldte Weksd A% F713)

AsE 58S AALE s)4(Time Series Analysis)dle A2 AZH HolHE
ARgste]l vi2 JHzE JERd 4 Q7] sl HEsEa
HE HoAUAY Aolx e £dow By vy ﬂiﬂ @2 delE e
ERAES 4A 4 4+ o] APt gy durdo g g 2 9=
AYAT Ane wwd anA e AR S0l Advte SR A% T
2 Hol7] "ol WMEES ol &t =7 Bl AA Wase FAsHr] Asl
e Axg d=3 % éﬂr-‘ll HAE 24T Zark v elgr] =, 2014
Likhomanov, 2010 ).
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+  Official lcebreaking Test
®*  (General Ice Trainsit

Peak Pressure[iPal

Ship Speed[m/s]
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® 3-3 2015 ofgt5 o] Uik o] F

AR Aloll= 7o AHgoz s
[e]

7155 33702 Al tlolE

Ao
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24 AYAPe FAHA o
ol .o

3 3-3° ARt

i
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]_Z

oot

7129 Holg

=
No. | Date | Time[UTC] Latitude[S] Longitude[E/W]

1 08.10 | 11:30 ~ 12:50 | 79-00-34.848 / 79-12-57.150 | 172-49-32.070 / 172-43-54.870[E]
2 08.10 | 14:20 ~ 16:20 | 79-27-35.658 / 79-44-09.888 | 172-37-43.902 / 172-21-00.972[E]
3 08.10 | 16:25 ~ 18:00 | 79-44-48.156 / 79-59-44.562 | 172-21-02.988 | 172-21-14.412[E]
4 08.11 | 00:05 ~ 02:00 | 80-05-10320 / 80-19-13.206 | 172-19-28.866 / 172-15-48.276[E]
5 08.11 | 02:05 ~ 03:15 | 80-20-06.930 / 80-29-43.254 | 172-14-41.946 | 172-10-33.708[E]
6 08.11 | 03:40 ~ 04:20 | 80-33-28.416 / 80-38-57.360 - | 172-12-21.408 / 172-04-18.120[E]
7 08.11 | 04:30 ~ 05:15 | 80-39-22.788 / 80-44-10.050 | 172-02-03.444 | 172-02-06.348[E]
8 08.11 | 05:25 ~ 06:15 - | 80-45-30.456 / 80-49-12.960 | 172-00-48.192 / 172-00-10.896[E]
9 08.14 | 05:15 ~ 05:55 | 80-46-21.096 / 80-42-15.150 | 172-58-31.422 | 173-17-13.560[E]
10 | 08.14 | 06:05 ~ 07:15 | 80-40-27.090 / 80-32-01.746 | 173-21-53.046 / 173-58-09.354[E]
11 | 08.14 | 07:45 ~ 08:00 | 80-29-42.618 / 80-29-02.682 | 174-09-30.420 / 174-20-48.684[E]
12 | 08.14 | 08:20 ~ 09:20 | 80-26-16.290 / 80-20-05.208 | 174-32-07.350 / 175-03-07.398[E]
13 | 08.14 | 10:05 ~ 10:22 | 80-14-56.856 / 80-13-13.554 | 175-12-08.736 / 175-19-22.506[E]
14 | 08.14 | 10:27 ~ 11:28 | 80-12-30.684 / 80-04-33.924 | 175-21-09.000 / 175-55-14.886[E]
15 | 08.14 | 12:17 ~ 14:15 | 79-58-59.604 | 79-43-16.248 | 176-15-53.790 / 177-33-23.484[E]
16 | 08.14 | 16:40 ~ 17:45 | 79-25-42.894 | 79-16-53.586 | 178-26-25.392 / 178-58-25.128[E]
17 | 08.14 | 17:50 ~ 20:15 | 79-15-59.544 | 78-59-28.710 | 179-01-35.412 / 179-56-56.832[E]
18 | 08.15 | 01:50 ~ 03:00 | 78-56-24.018 / 78-43-49.122 | 179-52-20.892 / 179-58-46.116[W]
19 | 08.15 | 03:10 ~ 04:05 | 78-42-23.772 | 78-42-14.604 | 179-58-42.408 |/ 179-58-40.584[W]
20 | 08.15 | 04:10 ~ 05:00 | 78-32-36.480 / 78-22-53.460 | 179-56-04.920 / 179-52-59.118[W]
21 | 08.15 | 05:15 ~ 06:15 | 78-21-00.072 / 78-14-47.892 | 179-49-59.118 / 179-46-15.690[W]
22 | 08.15 | 06:25 ~ 08:20 | 78-13-19.446 / 78-00-03.162 | 179-42-32.220 / 179-51-53.076[W]
23 | 08.15 | 13:05 ~ 14:05 | 77-59-08.202 / 77-59-50.316 | 179-25-25.374 |/ 178-38-40.038[W]
24 | 08.15 | 14:12 ~ 15:05 | 77-59-39.402 | 77-58-40.134 | 178-34-09.762 |/ 178-02-45.756[W]
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25 | 08.15 | 1510 ~ 16:07 | 77-58-28.794 / 77-58-57.918 | 177-58-23.946 / 177-09-36.060[ W]
26 | 08.15 | 16:17 ~ 19:43 | 77-58-54.540 / 78-00-16.296 | 177-00-26.508 / 174-58-02.994[W]
27 | 08.16 | 01:20 ~ 02:42 | 77-52-33.876 | 77-48-52.452 | 172-53-43.914 / 171-50-29.166[ W]
28 | 08.16 | 02:50 ~ 03:50 | 77-48-37.254 [ 77-46-02.988 | 171-45-20.196 / 171-14-24.852[W]
29 | 08.16 | 04:09 ~ 05:10 | 77-44-52.314 | 77-43-16.872 | 171-09-21.180 / 170-21-58.470[W]
30 | 08.16 | 0520 ~ 06:15 | 77-43-09.054 / 77-41-54.402 | 170-13-41.670 / 169-29-27.402[W]
31 | 08.18 | 11:38 ~ 14:38 | 77-00-26.154 / 76-59-59.034 | 172-37-37.674 | 174-59-56.682[W]
32 | 0818 | 19:03 ~ 21:05 | 76-58-19.068 / 76-51-15.444 | 175-39-34.698 / 176-47-02.334[W]
33 | 08.18 | 21:07 ~ 22:55 | 76-51-17.154 / 76-50-49.488 | 176-48-39.936 / 178-17-22.890[W]

a8 3-21 ofgf2s 9 20159 55 ©@ARE
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3.2 BHSAAZH HolEE o|-&% AA Wsks ALt
3.21 AA W3z AL A

A Flytre] Canadian Hydraulic Centerol A
A dA o 7t A = =5 Wetss AAkst 2
7Hgstal Aube] 6-AFE &5 BHSAHANRE S B3l St AA WSt

=S 2HASE WHES A AISE bF ltiJohnston, et al., 2003, 2004).

e rlr

d

o] e Hgatel olghesel 20129 W B 20158 I Aol = 3
o N&EAS PHe] AEEAZ THY BHSHA2DS AT, T
b AFHF] 20129 FIHA A AZH BHZHA =Y dolHE JF
o2 ste] PFH AEE US|t B B =RelAE 2015d
B3 A ASE dolHRE Agstel WAl WHFe WFSNAT. 19
3290 e BHHSHA2HS Fo AT Aol 6-ARE 259 YR do|

]

Time XRate YRate 7Rate Xacc YAcc ZAcc
[sec] [deg./sec] [deg./sec] [deg./sec] lal lg] [l

0 -1.09E-02 -1.20E-02 -2.07E-02 4.20E-01 -2.22E+01 511E-01
01 -1.23E-02 -1.66E-02 -2.27E-02 3.92E-01 -2.21E+01 4.65E-01
0.2 -8.29E-03 -1.81E-02 -2.27E-02 3.00E-01 -2.21E+01 A4T7E-01
0.3 -9.07E-03 -1.48E-02 -2.28E-02 1.85E-01 -2.19E+01 5.01E-01
04 -1.12E-02 -1.31E-02 -1.96E-02 2.92E-01 -2.20E+01 5.28E-01
0.5 -1.01E-02 -1.31E-02 -1.69E-02 4.33E-01 -2.21E+01 5.21E-01
0.6 -8.38E-03 -1.52E-02 -1.77E-02 5.01E-01 -2.21E+01 4.85E-01
0.7 -9.02E-03 -1.63E-02 -1.94E-02 4.25E-01 -2.21E+01 5.15E-01
0.8 -1.01E-02 -1.46E-02 -1.85E-02 3.35E-01 -2.20E+01 4.98E-01
0.9 -8.38E-03 -1.30E-02 -2.06E-02 2.96E-01 -2.20E+01 4.92E-01

1 -1.12E-02 -1.75E-02 -2.11E-02 3.89E-01 -2.21E+01 4.91E-01
Lt -1.17E-02 -1.08E-02 -1.80E-02 4.70E-01 -2.21E+01 4.76E-01
12 -9.84E-03 -1.52E-02 -1.81E-02 346E-01 -2.20E+01 5.08E-01
13 -1.34E-02 -142E-02 -2.12E-02 2.66E-01 -2.20E+01 4.76E-01
14 -9.37E-03 -1.76E-02 -1.88E-02 3.24E-01 -2.20E+01 4.91E-01
1.5 -1.14E-02 -1.29€-02 -2.23E-02 4.78E-01 -2.22E+01 4.49E-01
16 -140E-02 -1.19E-02 -2.18E-02 5.27E-01 -2.20E+01 4.79E-01
L7 -1.05E-02 -1.51E-02 -2.08E-02 4.36E-01 -2.20E+01 4.96E-01
18 -1.34E-02 -1.96E-02 -1.93E-02 2.76E-01 -2.20E+01 5.03E-01
19 -8.21E-03 -1.25E-02 -1.70E-02 2.18E-01 -2.20E+01 5.16E-01

2 -8.68E-03 -1.71E-02 -2.08E-02 444E-01 -2.22E+01 4.70E-01
21 -1.17E-02 -1.24E-02 -2.28E-02 5.06E-01 -2.20E+01 447E-01
2.2 -9.58E-03 -1.45E-02 -2.10E-02 447E-01 -2.20E+01 4.64E-01
21 -1 DRF-N7 -1 74F-n7 -1 79F-n7 IT7RF-N1 -2 NF+M A49F-M

a9 3-29 AAESAHAAN=E S T3l ASE dHoly 9
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¥ 4-1 20123 = 2 20159 5= dlolH EMZw

2012 Antarctic

2015 Arctic

Max Mean Max Mean
Peak Equivalent Stress [MPal 182.79 50.134 44.997 22.242
Peak Pressure [MPa] 3.6827 1.1037 0.9794 0.4719
Peak Load [MN] 1.4731 0.4415 0.3917 0.1888
Local Load [MN] 2.0168 0.6015 0.8565 0.3826
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