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ABSTRACT: Ice-going ships such as icebreakers, icebreaking tankers, and icebreaking LNG carriers are subjected to wave loads in open water and
ice loads in ice-covered water. In terms of the ship’s structural design, the local ice load is important. The fatigue failure due to repeated ice loads
is also important. 1SO 19906 specifies the assessment of the fatigue limit for a polar offshore structures. In addition, Lloyd’s Register refers to
fatigue damage based on ShipRight FDA ICE. In ShipRight FDA ICE, the fatigue damage indices due to wave and ice loads are simply presented
as 0.5 for each load. It also states that the sum of the two fatigue damage indices should not exceed one. This study calculated and analyzed the
fatigue damage index and fatigue life considering ARAON's voyage schedules and the assumed Antarctic voyage based on data measured during
the Arctic voyage of ARAON in 2010.
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Table 1 Number of days of annual voyage of ARAON (KOPRI)

Research and general voyage

Preparation of the voyage and supply

Research General Foreign port of call Base supply
South North South North South North Jang Bogo  King Scjong
Station Station
2010 21.5 21 99.5 29 27 5 0 8
2011 56.5 13 119.5 32 28 5 10 6
2012 44 34 75 32 22 5 21 0
2013 43.5 315 135.5 29.5 355 7 235 5
2014 26.5 37 103 35 21 8 27 0
2015 48 26 95.5 37 19 8 7.5 0
2016 42 25 97.5 32 26.5 8 6.5 0
2017 44 30 126 325 31 55 6 2
Avg. 41 27 106 32 26 6 13 3
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Table 2 Example of the calculation process for fatigue damage index(average stress case at FR. 106 2)

Time o, o 4(Avg) 0,4x1.512  LogN (D curve) N, n; n,/ N, Sum
514.96 28.47 28.47 43.05 7.277658 18,952,115 1,296 6.84E-05 0.0007160
926.78 24.69 24.69 37.33 7.463289 29,059,567 1,296 4.46E-05

1,408.04 26.84 26.84 40.58 7.354549 22,622,927 1,296 5.73E-05
1,580.80 20.77

28.85 43.61 7.260666 18,224,932 1,296 7.11E-05
1,581.06 36.92
1,604.00 22.60 22.60 34.17 7.578571 37,894,047 1,296 3.42E-05
1,606.32 20.16 20.16 30.48 7.727317 53,372,438 1,296 2.43E-05
1,881.44 21.65 21.65 32.74 7.634473 43,099,529 1,296 3.01E-05
2,062.76 37.87 37.87 57.26 6.906068 8,055,041 1,296 0.000161
2,212.04 22.90

24.55 37.12 7.470786 29,565,558 1,296 4.38E-05
2,212.38 26.20
3,468.54 30.38

39.41 59.59 6.854036 7,145,551 1,296 0.000181
3,468.96 48.45

Table 3 Fatigue damage index of frame & stiffener by ice loads
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Frame Avg Max
104 105 0.000554 0.000884
105 0.000178 0.000238
105 106 1 0.002137 0.002139
105 106 _2 0.001618 0.010161
105 106 3 0.002046 0.002070
105 106 4 0.000644 0.000697
105 106 5 0.000679 0.000681
106 1 0.002137 0.002139
106 2 0.002939 0.010394
106 3 0.002042 0.002066
106_4 0.000644 0.000697
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Table 4 Fatigue damage index of frame & stiffener by wave loads

Frame Avg Max
104s 0.000752 0.000811
FR.105 0.000000 0.000000
105s_1 0.001134 0.001574
105s_2 0.002188 0.002373
105s_3 0.006309 0.006609
105s_4 0.003083 0.004486
105s_5 0.001474 0.001602
FR.106_1 0.001134 0.001574
FR.106_2 0.002188 0.002373
FR.106_3 0.006309 0.006609
FR.106_4 0.003083 0.004486
FR.106_5 0.001474 0.001602
106s 0.000000 0.000000
FR.107 0.002097 0.002118
107s 0.002097 0.002118
FR.108 0.000000 0.000000
108s 0.010656 0.011424
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Table 5 Fatigue damage index of frame & stiffener by ice loads and wave loads in the assumed Antarctic voyage conditions

by wave load

by ice load
100 % 150 % 200 %

Frame Avg Max Avg Max Avg Max Avg Max
104s 0.000841 0.001342 0.0024908 0.0026852 0.0084064 0.0090627 0.0199262 0.0214819
FR.105 0.000270 0.000362 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
105s 1 0.002955 0.002957 0.0037576 0.0052124 0.0126817 0.0175920 0.0300702 0.0417095
105s_2 0.002457 0.015430 0.0072492 0.0078602 0.0244660 0.0265282 0.0579935 0.0628816
105s_3 0.003051 0.003027 0.0209002 0.0218916 0.0705382 0.0738840 0.1672017 0.1751325
105s_4 0.000977 0.001294 0.0102134 0.0148611 0.0344702 0.0501562 0.0817070 0.1188888
105s_5 0.001031 0.001035 0.0048834 0.0053081 0.0164813 0.0179149 0.0390669 0.0424649
FR.106_1 0.002955 0.002957 0.0037576 0.0052124 0.0126817 0.0175920 0.0300702 0.0417095
FR.106_2 0.007067 0.029406 0.0072492 0.0078602 0.0244660 0.0265282 0.0579935 0.0628816
FR.106_3 0.003045 0.003022 0.0209002 0.0218916 0.0705382 0.0738840 0.1672017 0.1751325
FR.106_4 0.000977 0.001294 0.0102134 0.0148611 0.0344702 0.0501562 0.0817070 0.1188888
FR.106_5 0.001031 0.001035 0.0048834 0.0053081 0.0164813 0.0179149 0.0390669 0.0424649
106s 0.001210 0.001428 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
FR.107 0.005394 0.008838 0.0069451 0.0070150 0.0234398 0.0236757 0.0555609 0.0352085
107s 0.007802 0.009176 0.0069451 0.0070150 0.0234398 0.0236757 0.0555609 0.0352085
FR.108 0.004028 0.004486 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
108s 0.006614 0.011592 0.0352984 0.0378413 0.1191320 0.1277143 0.2823869 0.3027301
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Table 6 Fatigue life for each case

Case 1 Case 2 Case 3
Ice & 100 % Ice & 150 % Ice & 200 %
wave wave wave
Avg Max Avg Max Avg Max
Measuring point 108s

Fatigue life 239 202 80 7.2 3.5 32

[year]
1.0
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