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In this study, a fatigue damage estimation for an ice—going vessel navigating through broken ice fields was carried out, A
numerical model to simulate the interaction between ice and structure developed using the finite element method was introduced,
Time series of stresses calculated by the proposed model and the corresponding fatigue analysis results are presented, The
numerical model enables the long time analysis through an efficient interaction model, the application of the periodic media
analysis and the convolution integral, and it allows the stress time history to be extracted directly using the finite element
method, To describe the probability distribution of stress amplitudes, the 2—parameter Weibull model was applied to the
calculated stress time history, and the fatigue damage was calculated using the Palmgren—Miner rule, Finally, the fatigue damage
considering the ice conditions of the Baltic Sea was calculated using the proposed method and LR method, and the results were
compared to each other,
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Table 3 Ice conditions in Kemi route

Winter h 25 years sailed
Month type (newq) dis}t/ance (km)
Mild - -
Nov. Average - -
Severe 0.15 1,042
Mild 0.10 313
Dec. Average 0.20 2,917
Severe 0.35 7,917
Mild 0.18 521
Jan. Average 0.47 26,981
Severe 0.64 9,792
Mild 0.38 1,042
Feb. Average 0.76 59,796
Severe 0.86 20,835
Mild 0.53 3,959
Mar. Average 0.86 59,796
Severe 1.10 20,835
Mild 0.50 3,542
Apr. Average 0.82 35,003
Severe 1.14 14,585
Mild 0.14 313
May Average 0.28 8,751
Severe 0.50 5,000

o2 AlpolAM, HMotEl giHo| A= Det Norske Veritas
(2012)0flM H|oFsk= Hot spot stressE 2IeF M=l D-curve
£ M8, LR ol A= SE3EHE AR8eiEz 81

Fo| sidof| w2t F2-curveE H-E3IXCE Table 50llM= 2+ =
Hoj| st 2 &AE AUE LIERD, Table 60IlM= 24 g
Hoz AL 2E o2 2MESS HII’LEP"“‘EF
I} DR ZZ Aokl giHnl R dHH S S5t
LIERHCH T Z3l R gHoz At A
2 Akl Z3jol| vlsl 2ufolAt 2 TZE &

o
-t
N
x
O
o
o

- E
LT
>
0z
H1

el ﬂﬂO

mo [0 mlo

Table 4 Hull form angles and geometrical parameters

Items Value

Hull form Angle « (degs) 21.5
angles  Angle 8, (degs) 39.8

. Frame spacing (mm) 800
(;(Zfan;?;:ril Frame span (mm) 4,054

Section modulus (mm®) 576,111

Bow Region:
Position of Critical Location

a
Ice Belt m CL A 2.

Fig. 29 Definition of the hull angles at the forward region

Section A-A

Waterline Plan

Table 5 Calculation of the fatigue damage in the Kemi route

Month h., (m) DPR DLR
Nov. - - -

0.15 7.42E-06 3.44E-05
0.10 1.26E-06 5.40E-06
Dec. 0.20 3.38E-05 1.57E-04
0.35 2.94E-04 1.22E-03
0.18 5.01E-06 2.33E-05
Jan. 0.47 2.13E-03 7.96E-03
0.64 1.98E-03 6.24E-03
0.38 4. 72E-05 1.91E-04
Feb. 0.76 2.25E-02 6.17E-02
0.86 1.30E-02 3.15E-02
0.53 4.41E-04 1.56E-03
Mar. 0.86 3.73E-02 9.04E-02
1.10 4 .54E-02 9.09E-02
0.50 3.33E-04 1.21E-03
Apr. 0.82 1.78E-02 4.54E-02
1.14 3.96E-02 7.91E-02
0.14 2.00E-06 9.23E-06
May 0.28 1.97E-04 8.68E-04
0.50 4.69E-04 1.71E-03
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Table 6 Comparison of the total fatigue damage ratios

Methods Fatigue damage ratio
Proposed method 0.18
LR method 0.42
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