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ABSTRACT: As commercialization of the Arctic sea route and resource developments are regularized, demands for ice-breaking tankers, LNG
carriers, and offshore plants are expected to increase. In addition, the existing ice-breaking cargo ships navigating in the ice-covered waters are worn
out. Hence, the construction of new ships is likely to be undertaken for both current and long-term applications. The design of ships navigating in
ice-covered waters demands conservative methods and strict development standards owing to the extreme cold and collision tendencies with ice floes
andfor icebergs. ISO 19906 recently stated that a fatigue limit should be defined when designing Arctic offshore structures such that the ice-induced
fatigue becomes one of the important design drivers. Thus, establishing systematic measures to mitigate ice-induced fatigue problems in ice-breaking
ships are important from the viewpoint of having a competitive advantage. In this paper, the issues relating to ice-induced fatique problems, based
on data and published literature, are examined to describe the criticality of ice-induced fatigue. Potential fatique damage possibilities are investigated

using data measured in the Arctic Ocean (2013) and using the Korean icebreaker, ARAON.
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tankers and non ice classed oil tankers (service history data)
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Table 1 Fatigue damage index for LNGC (Zhang et al., 2011)

Fatigue Damage

Location (F2 curve, 20 year design life)

Fr# X/Lpp  Kemi  Kokkola Primorsk
Aft 45 0.10 0.18 0.04 0.04
Midship 85 0.50 0.26 0.07 0.06
102 0.81 0.18 0.04 0.04
104 0.85 0.47 0.12 0.10
Forward 106 088 185 0.51 043
region 108 091 091 0.24 021
110 0.93 157 043 0.36
112 0.95 1.46 0.40 0.34
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Table 2 Fatigue damage index for the oil tanker (Zhang et al., 2011)

Fatigue Damage

Location (F2 curve, 20 year design life)

Fr#t  X/Lpp Kemi Kokkola  Primorsk
Midship 100 049 5.03 1.45 1.22
160 081 0.70 0.18 0.16
166 084 0.70 0.18 0.16
Forward 172  0.87 0.70 0.18 0.15
region 178 0.90 2.78 0.78 0.66
184 093 6.27 1.80 1.51
187 09 422 1.22 1.03
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Table 3 Annual operation status for ARAON (Oh and Jung,
2014) [unit: day]

General and
Research Voyage

Preparation of the
voyage and supply

Foreign port

General  Research of call Base

S N S N S N supply
2010 105 28 30 22 15 6 214
2011 119 33 79 28 19 5 289
2012 105 34 73 32 19 5 268
2013 144 32 74 25 17 8 11 311
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Fig. 5 Ratio of the stresses in the outer plating and the span and
near the frame (unit of legend: MPa) (Likhomanov, 2010)
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Table 4 Summary of measurements and ice conditions in Araon’s
2013 Arctic Voyage

Table 6 Results of fatigue damage index in case study 1

Category of stress [MPa] N, n n; /N,
Date August 26 20-30 8000000 58680 0.0073
Starting time 03:28 07:28 30-40 3000000 22320 0.0074
Measuring time [sec] 14,400 36,000 40-50 1600000 4680 0.0029
Estimated ice concentration 13 46 50-60 800000 4680 0.0058
60-70 460000 2520 0.0054
Zoll AIFARe] trEA e sidE Wt et 70-80 - - -
& HolHE Skt 80-90 250000 720 0.0028
Table 47 22 2 343 F /1Y s 2= AME 90-100 160000 3600 0.0225
ERdl sEo]BH(Kwon et al, 2015). oFf AllAT o= iy 2 100-170 . ] .
Aol w2 dAAtE T8 170-180 18000 360 0.02
Sum 0.0744
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Table 5 Stress measurements in ice concentration 1-3

Category of stress [MPa] Number
20-30 163
30-40 62
40-50 13
50-60 13
60-70 7
70-80 0
80-90 2
90-100 1
100-170 0
170-180 1
Sum 262

e FAE Fd AN o olgkesd 19 59 74
T 249 A4k A7} Table 60 VFERIQITE )23 A
AFERE Hdute] 32 FAVE HAY TFsAE ddE B 4
Atk F, 19 B FHE 32 E4X= 00742 JERgeH
o] 7|zt Bkl T2 EAZF HASIA & Aolge AHE
Aok AT, 9)e] Axh= 1ddl g v 284 Hr Aol
B2 o]& LRS FDA ICEoIA 7143 W sidolAe HA +
HE 50%9 Hlws] R H2Fd DAFES o 6790 AL

P
& g ST

Yoo

AT 2 L= S A

B}t ZAG dAALHS BlaiAEy] 9]
AEE HlE=g7h w2 HolEE ARESt
£ E AI9T 1 (2013.08.26. 03:28)3} & ol =4
HE, 3 93EE 460t & 3=} g EoUE B
Tt SARED 3 W9 s B AL o] A
A Bx2E A9 SFAE F O B A&o8 s &3
7] e Zlo2 FSHETh old e Y FAX7} Fig. 89l
UERRITHKwon et al., 2015).

350

300 v =308.44x7207
R*=0.9503

250 \

200

150 A

100 1 y = 254110551

R2=0.9734

Number of observation

80-90  90-100 100-110

20-30  30-40  40-50  50-60  60-70  70-80

Stress (MPa)

Fig. 8 Histogram and probability density approximation of stress
(Measuring time = 36,000 sec.)



308 Mi-Ran Hwang, Yong-Hyun Kwon and Tak-Kee Lee

Table 7 Stress measurements in ice concentration 4-6

Category of stress [MPa] Number
20-30 193
30-40 9
40-50 40
50-60 23
60-70 10
70-80 10
80-90 7
90-100 3
100-110 2
sum 387

Table 8 Results of fatigue damage index in case study 2

Category of stress [MPa] N, n; n;/ N,
20-30 8000000 27792 0.0034
30-40 3000000 14256 0.0047
40-50 1600000 5760 0.0036
50-60 800000 3312 0.0041
60-70 460000 1440 0.0031
70-80 300000 1440 0.0048
80-90 250000 1008 0.0040
90-100 160000 432 0.0027
100-110 146000 288 0.0019
Sum 0.0326
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