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Abstract : Fatigue damage analysis of ships includes parameters considering operational factors. Due to these operational variables, there is a
difference between the fatigue damage estimated during the design stage and the actual accumulated fatigue damage. Likewise, there are various loading
conditions for the real container ships, but at design stage the fatigue damage is calculated by applying the representative loading conditions. Moreover,
although the difference in fatigue damages is expected when the actual and design loading conditions are applied, there are few studies on the
contributions of the fatigue damage based on the loading conditions of container ships. In this paper, fatigue contributions were investigated from various
cargo weight distributions. The hull girder loads calculated through seakeeping analysis and fatigue damages obtained by performing spectral fatigue
analysis were identified under new loading conditions. As a result, it was found that the variation of cargo weight distribution in the container ship brou-

ght about changes in the hull girder loads and fatigue damage by affecting the hull girder stress.
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Fig. 1. Steps in performing the spectral fatigue analysis.
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Fig. 3. Ship’s profile & analysis location.

Table 1. Ship’s particular

Length over all 395.0m
Length between perpendiculars 380.0 m
Breadth 54.0 m
Depth 28.5m
Scantling draft 16.0 m
Design draft 145m
Service speed 15.8 knot

Table 2. Analysis location details

zléz)ncaalt}i/(s)ins Description Dstatj:; from
HC1 Lw.o. E/R 020L
HC2 Midship 047L
HC3 L.w.o. Accomodation 0.62L
HC4 Fore side 0.88L
Lw.o: In way of
Dummy rod

Fine mesh (t x t)

Fig. 4. Fine mesh modeling of critical area.
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Table 3. Seakeeping analysis condition

0.2 ~1.2rad/s
Wave frequency (increment 0.02 rad/s)
) 0~ 360 degree
Wave heading (inrement 20 degree)
. 0~ 23 knots
Ship’s speed (for uniform increments)
Roll damping ratio 10 %

100 80

Fig. 5. Definition of wave direction
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(a) Hydro mesh for seakeeping analysis

(b) FE-model for finite element analysis

Fig. 6. Pressure mapping contour on FE-model.
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PM & JONSWAP Wave spectrum.

H, Zero crossing wave period T, (sec)

(m) 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5
1 311 | 2734 | 6402 | 7132 | 5071 | 2711 | 1202 | 470 169 57 19 6 2 1
2 20 764 | 4453 | 8841 | 9045 | 6020 | 3000 | 1225 | 435 140 42 12 3 1
3 0 57 902 | 3474 | 5549 | 4973 | 3004 | 1377 | 518 169 50 14 4 1
4 0 4 150 | 1007 | 2401 | 2881 | 2156 | 1154 | 485 171 53 15 4 1
5 0 0 25 258 859 1338 | 1230 | 776 372 146 49 15 4 1
6 0 0 4 63 277 540 597 440 240 105 39 13 4 1
7 0 0 1 15 84 198 258 219 136 66 27 10 3 1
8 0 0 0 4 25 69 103 99 69 37 17 6 2 1
9 0 0 0 1 7 23 42 32 19 9 4 1 1
10 0 0 0 0 2 7 16 14 9 5 2 1 0
11 0 0 0 0 1 2 6 6 4 2 1 1 0
12 0 0 0 0 0 1 2 2 2 1 1 0 0
13 0 0 0 0 0 0 1 1 1 0 0 0 0
14 0 0 0 0 0 0 0 1 0 0 0 0 0

Sum | 331 | 3559 | 11937 | 20795 | 23321 | 18763 | 11611 | 5827 | 2480 | 926 313 99 29 9




st= T

e
5]

o

e ¥ = Table 49 YERH DNV(Det Norske Veritas)
2 World wide trade ¥ X =5 A&kl on 7 3

b el A 52 Fig 83 #TH

ez

o

01
0.09
008

E 0.07
g o

3.5 M B8 zHY

Autel FFol= AA, oFE, B AA sk 1Ea g
B FT9E Xt ok B A9 uiy) vl SES A
Qg eS| stF 2L HYA ALt A A AIE Fig 9
o] FH BXE AE3IQTh Fig 99 T% X E AAH 2
A 2o Point mass 245 o]&3le] RElY Sk &
Ao gt HFS 7] 3 Table 5olA T RAE S &
gk A 72 Rl 5949 AL A ARG FASA
9 F FHES vustd 9% A= AL it A
A Fx 2do] TCGS] 4% #3 Hatch coaming top2 A
RAEEI 7] wjiEel FASA o] kg 9 o] oy
A9k FAE Fro] @xfolrt

3tE T FEl® 2 Point mass 2. 4~9} Interpolation constraint
[ Ao r RAPEGIT o] AL MA Y LFoRE
HAshE shEe] B Yol AA F3ol - A AEEHE
= 38 SHES RddsoF dv 99 a4 RA" A
A Fx 2o BES Fig 107 2t
Table 5. Verification of hull mass modeling

Weight ICG  TCG  VCG
(ton) (m) (m) (m)

Trim &

Stability 68973.9 177.98 0 18.32

FE-model 68971.2 177.40 -0.008 18.19

let;‘z/f)‘;nce 0.0 % 03% 00% 07 %

LCG: Longitudinal Center of Gravity

TCG: Transverse Center of Gravity, VCG: Vertical Center of Gravity

wate] e 2ud Adeluie Wz 4ol UE A7

12000

10000 —

o
=1
o
o
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S

R
RGP K
Length from AP (m)

Fig. 9. Mass distribution of the ship w/o cargo.

) Point mass element

,a_ Interpolation
“7 > constraint element

Fig. 10. FE-model covered with mass elements.
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Fig. 11. Load case.
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Fig. 12. Cargo mass distribution for each load case.

Table 6. Static weight conditions for each load case
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Fig. 14. Stress RAO at HC2.
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Fig. 17. Stress m at HC1 (Speed 0 knots).
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Fig. 18. Stress m, at HC2 (Speed 0 knots).
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Fig. 20. Stress m at HC4 (Speed 0 knots).

- 676 -

~——3.5§ =——4.5§ ~——5.55 =655 ———7.55 =855 =955
= 10.5s 11.5s==12.5s—13.5s 14.5s 15.5s 16.5s

Fig. 21. Stress my at HC1 (Speed 23 knots).

3.5 =—4.5s —5.55 —6.55 ——7.55 = 8.55 —9.5s5
=10.5s 11.5s ==12.5s—13.5s 14.5s 15.5s 16.5s

Fig. 22. Stress m at HC2 (Speed 23 knots).

~=—3.5s =—4.5s —5.55 —6.55 —7.55 =855 —9.55
~——10.5s 11.5s=12.5s13.5s 14.5s 15.5s 16.5s

Fig. 23. Stress m at HC3 (Speed 23 knots).

180

~——3.5s =455 —5.55 =—6.55 = 7.55 =—8.55 =——9.55

~—10.5s 11.55=12.5s—13.5s 14.5s 15.5s 16.5s

Fig. 24. Stress m at HC4 (Speed 23 knots).



st= T T Wt i 2dly ZHelyXHde 2 &g tigh A
5.2 oty 2 zZ8l ZH E(Wave vertical bending moment)  Iholl A 9 gho] A TASAE Zdth F, AA AH
HE7t ZAFr 0%, 180%) Wk R aE o dAe] %] TS Bo] W Hatch coaming top] 1A 2HE ©e
T4 753 BEHE skFo] 71 A HAsH vEd 2dl 3] AA AY sks 9 wol A Y @y IdA =
E= A =T Fig 189 Fig. 229] 9tafe] wE §8 & vk 58402 AME A AY stsd AA &
o SHS H3E u 3 WY EWEE AA FIF 58 3} Aol 7R AAA wdEe= AT vEiAE AA
o F2 AFoR AEHE AL AN £ Atk AT Ad 59 AT} BIe] ULk Mao et al2015)] ATF
o] &3to] A& 2 Wy RUES 7| |4 S Fig 259 HWH R wpe} §8S #AAI= AA AY skFe] V)
et 2 13 BEREE AA4 459 HC29 HC3  97F &S & & 27 Beam theoryE ©] 83l A5
oA 7F 2A WAL AFRQ Hoel e 8 mHl SR o ANE E EHES f3 0k A4S o g3l
E 3l5o] A HAFA ZUT) Table 7914 Hogx]Zo]l  F IR &R HolE HojFET. wpEhA] ZF f]A]d nf
Case5E HCI-HC3ON A 7HE & 24 #3 wHEZ 2dd g Fa 7|ess A4 AY s5S golsts o] $a38)
atg 7lolglom Case29] 85 2719 49 HCISF HC2el . Table 8ollA at5 =71l uhel vpehb= W3 2HE
A 57§39 RAE sFo] 13 Al wasan. 359 Aol v wAAS W 57 FY HHES op
E HCI-HC3OlA 7H 2 HEd RHE shgo] g
7.0E+06 35 21 Case5% T}
6.0E+06
? 50E+06 4.5E+05
Z 4.0E+06 4.0E+05
= 3.0E+06 3.5E+05
[an] —
> C 3.0E+05
= 2.0E+06 T
E 2.5E+05
1.0E+06 ‘z’ 2.0E+05
0.0E+00 E 1.5E+05
HC1 HC2 HC3 HC4 1.0E+05
B Casel Case2 M (Case3 M (Case4 MC(Caseb 5.08+04
0.0E+00
Fig. 25. Wave vertical bending moment at HC1-HC4. HC1 HC2 HC3 HC4
M Casel Case2 M (Case3 M Case4 M (Caseb
Table 7. Wave vertical bending moment for Casel-Case5 Fig. 26. Wave torsion moment at HC1-HCA4.
(Unit: 10° kN-m)
HC1 HC2 HC3 HC4 Table 8. Wave torsion moment for Casel-Case5
. 5
Casel 300 60.6 46.5 3.57 (Unit: 10" kN-m)
Case2 28.4 59.8 46.2 3.59 HC HC2 HGE HC4
Case3 293 60.0 46.1 357 Casel 397 372 369 334
Cased 305 60.7 46.0 3.63 Case2 393 363 365 328
Case5 310 612 46.9 3.27 Case3 390 3.65 371 332
Case4 4.04 3.70 3.73 334
shapo] ATt A Atz YD u £4 FY mHE
= ZolEu HEY R EE 2718 Gtk Fig 263} 2o 6. I 2 iAo Zuf
HCIGIA] THE 1ol M]3 7bd £ HEY ZdE 5130
gL Fig 25% k2] 7} 9130) mek By o] 61 DE ANE U 4
atol= FElo] A YERUA = gttt HC29| HIEH Edl Fig. 279l A &= 29 EY J2 o=z Axtd 3t =1
E a5 v A vastls W 2 g of A ol B’ 7} Hatch coaming top®] ¥ 2 EJEE BolETE 438
9k Fig. 187} Fig 229] €8 03} 28 Ed ZHEZS W A} 9] Hatch coaming top % ¥ 2 £4Fol 7P FH k3 x=

- 677 -



(

5
©
o
X,
__)H_A“
ol
©
1r
rO
jan)
®
ox o

¥
ol ¢ ol

[
jas)
@)
W
fz
v
L
%2,
v
jas)
Q
=2
>
TR
0%
Lo
oxl
o Hl
N
L
Y
Lo
i
==
ols
ol
B

[e]

-

AA A 05
Sk

2
Foth 758 = 3T = Casel
2 &4 s JERIAAR HClell A o l:r'f%
e Bl FF Case49} CaseSO]E‘r
WA 7] Case 59 A5 HW M ﬂ%ol **‘3]&"1
i]a HC19] ¥ & 4o d3ks F3ATh CasesSol a5

< HC1Y 2] w3 EHES nEY BHE 3%
] et Ao Hol Mpi stE S My

- Hatch coaming top2] A 3| AW 3l5& F7HA

Oﬂ S8 FFS I A & 5 AT T 3

2 Case39l|A HC19] 92 &7 Fho] 71 WA YERsT), bl

T AHAE 9 HC19] 92 E4 % Cased®t CaseSE
Alestae il 7)o vldEshs A Helth

P

o rp

Zz1e

Al

w
l"-?L' H‘l =
W oHF o Do fo o fo

_ﬁ
&2

oy
oft
>,

=}

o
N
~
Y
piw

0.9
0.8
0.7
S 0.6
©
£ 05
[
© 0.4
[
303
T 0.2
[N
0.1
0
HC1

M Casel

HC2 HC3 HC4

Case2 M (Case3 M Case4 HCaseb

Fig. 27. Fatigue damage at HC1-HC4.

HC2ol A = A A F o
A 7PE e £ e B
24 A ZE 7 Case4°ﬂ’\1 2 & Ftol €%
vrolg ) kel g2 o ALk dube] dAlS 20 d o2
7HARER S W AHE AT g o H2 & AR
719] 9lE HC4Z A|9)3F HCI-HC3S] ¥ 2 4% Fig. 287}
ek HCIOA st 27l whet vepvbes 7 & Ai 4=
o] o] 3.3\, HC20l A 4.8\ 3, HC30 A 492302 el
Atk 53], HC3oIM & Cased?] 3t 70| 493 £&
=z 9 s Btk

20year

Fatigue Life = Fatigue Damage

24

o o—o

B
o

Fatigue life (year)
&
C

w
o

:

HC1

25

HC2 HC3

® Casel Case2 o Case3 o Case4 o Case5

Fig. 28. Fatigue life at HC1-HC3.

7.8 &€

# AT A 2 E W2 NS ol g3t BB F
EX W3l wE Hatch coaming top2] I &2 £ 7o =
o PEE FEW 38
M E ste== At
Lﬂziﬁﬂuﬁ+ﬂgv%%3%%ﬂﬂ@ﬁ
£ Hatch coaming top2-
o) wistol e Aw S
oA Ad AFe Qnge Asinsa. 0
AXEF HCHI AFT9 (HC3)S] Hatch coaming
Sl2 &gl 7bg F ksl on] Aol 9145 Hoa
& =7 719 gl g2 E4% Ak 7]
= oes % ohbe B BEndA Bd WEs ke 05
Z1elM e &= 0xh ~AEY BAEZE | 5 gk HCL
HC20l| A Case4$} Case5SE Al¢]stale vt 92 E4%
o Agel velshs Aoz nol A vAdA Agse
TE EF T 23] YAl BEAd gE vEkd 5 9
Thal ¥ o A AAIvi ste S EX] WSkl w
e 2.

]fﬂrﬁ%
_9_
=

ot

o F
&

& =
=T
ks
2o
=

ro [‘ﬂ o

] 3

(i

A A o= HlEﬂoP &,
7H & sk 5_74(Case5)°ﬂ7\1 Q3 =
Sohe A7 vElsth sk 2 mE s
2 BEe] Akl °‘xl*6}919_ml
R o o e P
‘aj RHEQ] oJakz o]
2 q] 3o A Case59} 2
EHE é}% S7MAA H2 &
) A }H(HC2)2] Hatch coaming top< Case5S xﬂ&]
akal vk st el A kel wstel vEshe I ' &
frol FRIEAT wiFo] 7 W& Case3ol A 7HE
e UE SR gho] uERgom HClelAeF wibr R =
CaseSOll A 7P & 92 S5 ghs HAUTh CaseS 3ts =

l@oﬁoﬁi_\&
sa i
_,Hj
Wr@muﬁr»
s M Y oy o
g fo of i I

fie (mood of
R
2 mlm roﬁ' &

iy

>
o2

o
=
ZO
S o

oas

- 678 -



Ao AR 44 FY wHes vEY BaEs ge 8
F 27 oyl 7bg 2 g

vt A & $3 0
Fulste] F9 AU 5

dapo] ZAR Aol F7Hgl wheh Avl-3-aAste] F

of AQ} BA 9] S wE Aol AA A 3
Fol upe dge stetaly] FalME Akl dFt 9z &

2
BEE Ao val BAF Fart ok shARE A
H &}5 2 Apolo HlE]| Casedoll A T2 &7 F43] v
obxl o w Hol HC3OA = Al AY st ki
THARl Bt dFgE x3E 5 vk .
(4) HC42] Hatch coaming top< |2 &/l tjgh A&7}
719 fit}h. sHAIRF HC4 #1417} B /455 Hatch coaming
tope T F+ fles Azaor gk

HEAoR B A
&=

>

2 ox off
)
i
o

ok
)
jur]

=

12
9

{

2
1o,
=

wo [
b
ot T
e )
4 ol
o |o
o U

pod

2 e ih)

sy

=

ot rlr rpx
N
2
)
i
[o
2
>
ol
&
N

AT

il
g =

o ngt
[
=
e
T
2
1o
E
fru
:oé
1
2
:oé
1
w0 oo @ 2

O R .

LU

0%

tlo

[e]
o
i
ko
Ho
(.
ox
2
o,
o
X

>
o
=
=

N
-

mr N
H fo By x
oft 1%

o

o2 o o &
ool (‘-i;ﬂ 1'.13
2 oy M
(o
- o
=
=t
ofy
o
o ‘M
=
4=

I S\ Ay R
=)
)

o £

N ofh

3 2
n)

References

[1] ABS(American Bureau of Shipping)(2016), Guide for spectral-
based fatigue analysis for vessels.

[2] Balli, E. and T. Ward(2020), Fatigue life improvement of
weathervaning ship-shaped offshore units by a smart heading
control system, Ocean Engineering, Vol. 207.

[3] DNV(Det Norske Veritas)(2020), Fatigue assessment of ship
structures CN-No.30.7.

[4] Guachamin-Acero, W. and J. Portilla-Yandun(2021), A study

Arold e Mz &4k og A7

on vessel fatigue damage as a criterion for heading selection
by application of 2D actual bimodal and JONSWAP wave
spectra, Ocean Engineering, Vol. 226.

[5] Helo, P., H. Paukku, and T. Sairanen(2021), Containership
cargo profiles, cargo systems, and stowage capacity: key
performance indicators, Maritime Economics & Logistics, Vol.
23, No. 1, pp. 28-48.

[6] Li, Z. Y. and J. W. Ringsberg(2012), Fatigue routing of
container ships-assessment of contributions to fatigue damage
from wave-induced torsion and horizontal and vertical
bending, Ships and Offshore Structures, Vol. 7, No. 2, pp.

119-131.

[7] LR(Lloyd’s Register)(2009), Fatigue Design Assessment Level
3 Procedure Guidance on direct calculations.

[8] Magoga, T.(2020), Fatigue damage sensitivity analysis of a
naval high speed light craft via spectral fatigue analysis, Ships
and Offshore Structures, Vol. 15, No. 3, pp. 236-248.

[9] Mao, W. G., Z. Y. Li, V. Ogeman, and J. W. Ringsberg
(2015), A regression and beam theory based approach for
fatigue assessment of containership structures including bending
and torsion contributions, Marine Structures, Vol. 41, pp.
244-266.

[10] Mao, W. G., J. W. Ringsberg, I. Rychlik, and G. Storhaug
(2010), Development of a Fatigue Model Useful in Ship
Routing Design, Journal of Ship Research, Vol. 54, No. 4, pp.
281-293.

[11] Thompson, 1.(2016), Validation of naval vessel spectral fatigue
analysis using full-scale measurements, Marine Structures,
Vol. 49, pp. 256-268.

[12] Wirsching, P. H. and M. C. Light(1980), Fatigue under wide
band random stresses, Journal of the Structural Division
ASCE (Americal Society of Civil Engineers), Vol. 106, No. 7,
pp. 1593-1607.

[13] Yosri, A, H. Leheta, S. Saad-Eldeen, and A. Zayed(2022),
Accumulated fatigue damage assessment of side structural
details in a double hull tanker based on spectral fatigue

analysis approach, Ocean Engineering, Vol. 251.

Received : 2022. 05. 16.
Revised : 2022. 06. 07.
Accepted : 2022. 06. 27.

- 679 -



