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Abstract — To achieve the goal of net-zero carbon by 2050, offshore wind power generation is being studied with
high potential, and various types of floating wind power generation substructures have been developed for this pur-
pose. The development stage of most of the developed structures is in the TRL 4~6 stage, showing the technologi-
cal level entering the commercialization stage. In this process, to enter the demonstration and commercialization
stages, several essential considerations are being raised. The securing fatigue performance is an important factor
for offshore wind power generation floating substructure, because a considerable amount of cyclic loads are contin-
uously applied from the turbine and tower corresponding to the superstructure. In this study, the fatigue damage
according to structure’s unique shape and load characteristics on a floating offshore wind power generation plat-
forms was analyzed.
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Fig. 2. Schematic diagram of fully coupled analysis (researchgate.net
[Web]).
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Table 1. KRISO FOWT Hull Principal Dimensions

Hull Principal Dimensions

Parameter

Pontoon Length

Pontoon Width

Pontoon Height

Column Side Length

Column Height

Distance from tower Center to Hull Center
Corner Plate Length

Corner Plate Height from keel

Value (m)
60.0
9.0
4.5

12.75
29.0
42.605
10.0
4.5
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Fig. S. Scatter diagram for ulsan site (Choi and Kim[2021]).
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Fig. 6. Mapping hydro pressure to structural model.

==A] o} Fig. 63 o] A3t 25 A elA AL o)
d(Pane) A} Tx34S Qg T AR|eIM L] F3Ee4a 7He]
3l A golg <= it} Fig. 6ollA] EFES v 78 & ¢t
2o] Tk o|1= Fig. 70X ¢} o] A4 Ui 28 (Compartment)®]
B A1l 3 A4 aakz Qg

2.3 I|2 oA mg!l

B oo AEY H 2 7HS B4l vz A
A2]'d(Screening)ye 3 &2 HAFTS HEE 33l Qlrt. whebA
Fte o] A7) B9 T A diol ARgshs A A
°]9] 7HA2l 1 2] (Longitudinal) ZHlo]w | A ~elo)] 12 EX| 5
Ag3iic}. v 28 29 Penta-Semid] AA| = S A
gaiA wdslof shH, 7ime] oJgt 38 JEs] wEsh] 9

ol
o

-6.65e+04
-8.543e+04
-1.044e+05
-1.233e+05

-1.422e+05

1 dddder0s
*

Length: [m] Force: [N] (Native)
Elements SURFACE-LOADS NORMAL-PRESSURE
Min: -1.611e+05 Max: 2.811e+04

=

o] T JRE 7L glofof gt

ol gt B E GAEH] flal AlAF F71x] <] A 7]l X
(GeniE) (DNV[2021c]yE S35l Adst 75 A% % 1
s 913l Fig. 83 244 vix| 9 BAGRS 7 A4 REe
Adstsiet.

£t 5 A elA Arke fAES Q1R Sl DNV 22
138 79 ok qfelel tln] ke (Dummy Pressure)e] A7 E|ojok
sh=dl, Fig. 91419} o] 9 29h& W 7191& vlEate] 74
70 @4 (Ballast water)’} A= 7-2lo] dijsiix] Hee sl<
Aol (Load Case)s A7g3te] 73314 Al FOWTS] 2% ~JElell
et FYPTE 231 T UEF SISk o) & Fall Feket 9 5t

%, W95l dee nedl & & gk,

o bR
[

r



148 ol - AAE - A%

Loadcase# Name Group Permeability property Permeability

2 Le2 B8 permeability1 98 %
3163 B permeability1 98 %
41c4 B Permeability1 98 %
5 LCS B permeability 98 %
8 LC8 8 Permeability1 98 %
9 LCO B8 permeability? 98 %
10 LC10 B8 permeability1 98 %
11 Len B8 permeability 98 %
12 LC12 8 Permeability1 98 %
13 LC13 B permeability1 98 %
Name Fluid Fluid density Filling property Filling fraction
LC2  jaf Seawater 1025 kg/m~3 |l FF34 34%
LC3 g SeaWater 1025 kg/m~3 |l FF30 30%
LC4 i SeaWater 1025 kg/m~3 [l FF100 100 %
LC5 il SeaWater 1025 kg/m~3 |l FF100 100 %
LC8  paf SeaWater 1025 kg/m*3 [l FF72 2%
LCo i Seawater 1025 kg/m~3 |l FF72 2%
z LC10 paf SeaWater 1025 kg/m*3 0%
v LC11 i SeaWater 1025 kg/m*3 0%
LC12 i SeaWater 1025 kg/m*3 |l FF100 100 %
X LC13 jaf SeaWater 1025 kg/m~3 |l FF100 100 %

Fig. 7. Information of compartment and contents.
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X
a Jgn FB250x28
016 m FB300x28
02m W FB350x26
M 0.025m B L150x90x9
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B 008m B T700x14_200x20
B 0lm B T750x14-200x20
H 0.12m B T800x14-200x20
' B T900x14-250x28
Fig. 8. Structure scantling according to DNV-ST-0119.
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ML_SE2} W1 236 4 18
[ W2 236 4 18

Fig. 10. Spring constant for mooring tension.
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Table 2. Minimum requirements for design fatigue factors, DFF (DNV [2014])

Structural element Typical structural components and areas DFF
I 1 ibl 1 irectl h . . .
nternal structure, accessible and not welded directly to the Frames, bulkheads, stringers in voids, ballast tanks and tower 1
submerged shell
External structure, accessible for inspection and repair in . . .
d .- Tower and substructure above lowest inspection or maintenance draught 1
ry and clean conditions
Extemal structure not. a.ccesmble for inspection and repair External shell plate below splash zone, bilge keel, fairlead structure 2
in dry and clean conditions
Nor}-acces.51ble areas, areas r}ot plannefi to be accessible Spaces with solid ballast, void spaces, sea chests, small cofferdams,
for inspection and repair during operation, and structures 3

with permanent ballast.

external shell plate in splash zone
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Fig. 14. Schematic stress distribution at a Check Point (DNV[2014]).
Table 3. fatigue damage results at check points
HSO01 HS02 HSO03 HS04 HSO05
Target 0.33 0.33 0.33 1 0.5
Result 2.09 2.10 0.74 8.54 0.21
Fatigue Life (yr)  3.16  3.14 887 234 488
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Fig. 16. Structural member arrangement and Fatigue Check point in
Case PL80

Table 4. Comparison of structural reinforcement in case PL80

1D Reference model Overall stiffness (PL80)
Plate Avg. 36 mm 80 mm
Frame/Spacing  T700x14+200%20/4 m T900x14+250%28/2 m
Stiffener L150%90x9 L350x150x14x22
Weight - Approx. 35 ton increase

Fig. 17. Structural member arrangement and Fatigue Check point in
Case PL120.

Table 5. Comparison of structural reinforcement in case PL120

ID Reference model Overall stiffness (PL120)
Plate Avg. 36 mm 120 mm with 80 mm Transition Plate
Frame/Spacing T700x14+200%20/4 m
Stiffener L150%90x9
Weight - Approx. 9 ton increase

0.1083

Usage Factor : 0.828
Fatigue Life : Appx.24 Year

Usage Factor : 0.750
Fatigue Life : Appx.27 Year

Fig. 18. Fatigue analysis result in reinforced model.

FE W, A A 7L e 2t A% nalt o)
WA Qs T A A AR Qlal U #E
& /A Al A3t Fel] ol 3] Az A

o

o] ofstke 75 thA7k k- olgith 598 7Rick. sk
Penta-SemiellA] 573 e vlu] vl§- EabA 02 9] 255E Alo]
She oS BRIsHI

32

100 mm o] - 2o ol w} F5%t V2 Aes g
aF7] $13 BAF Rk vk vh=an A ] ob ST 22 A
Ab Adnkel] AR e 7E ek, 919 F 7] ARlE Sel 1A
9] gl Skl thst A5 vlolHE ghuate] 5 A7) WAl
thulsict.

Ou‘.

=

r

T Aords 71EAR] & et B e WSShe Penta-
Semi -] S F A Aol o], UnkA o F3ielx
T vz A1 =



(1) 640 AHEY SR A9, AR 95 A
542 o] gt HE7w AP} SheE melolela Bk 3
Zxol] tslo] )2 SAlel AR AEE 2

A
ilo oY X

to
oX,

©
rj-l
S
o
>
0O
T
|z
o)
o
[
o
e
rlo
=3
=
13
o

4z
B
it
2
i,
i)
rir
-
BN
L
=
o
=
ol
=2
1o,

r—?{—l' ny

N

Y

1o

i

O r
offt -
P2 g
i)
[o
T

flo ya

>
PN
it
-3
:OL_I,

2,

£ 4

:?1:41

)
N

R

- o
ﬂ‘
ofl oo O fZ Y

-
BN
o

o, HE

I
o
o)
ofy
i)
52
rlo
il
N
1o

ol
i
4
x
tlo
offt
>
2
>

-4
BN
i
pe)
>

i
e
o
N
10,
N
i)
ko

QLI
o
fot
S
QL
32
i)

=
:‘:’ d
fu
o
R
et

N, 3
v—{o
&

i
iy

(3) Penta-Semi®l| 4]

S| groll mIAIA|

2

N
By
1o
T
ol
o
-
ot
ol

oN ¥2 of
rlr

12
=2
=
o
N
i

S

(=}

3

3

s

~

i_é_:

i
o 3
B oy

_\|L o,

3 o
o r|f

i

do 1l

olr

|
g
il

o ©
) BN LY A 8 e
A (PNS4380)3} Sk A0z Aok E e
o] TRl “AAY APLUL ALY 717

4 (PES4361)e]] 218 e 2l zLich,

References

[1] Choi, Y.H. and Kim, H.J., 2021, Environmental Conditions of
Donghae Gas Field for FOWT, J. Wind Energy, 12(3), 32-44.

[2] DNV, 2021a, Fatigue assessment of ship structure, DNV-CG-
0129.

[3] DNV, 2014, Fatigue design of offshore steel structures, DNV-
RP-C203.

[4] DNV, 2021b, Floating Wind Turbine Structures, DNV-ST-0119.

[5] DNV, 2017, “Sesam User Manual HydroD Wave load & sta-
bility analysis of fixed and floating structures.

[6] DNV, 2021c, “Sesam User Manual GeniE Concept Modelling
of Beam, Plate and Shell Structures, Analysis Workflows and
Code Checking”.

[7] DNV, 2021d, “Sesam User Manual Xtract Postprocessor for
Presentation, Animation and Reporting of Results”.

[8] ResearchGate, NAUTILUS-DTU10 MW Floating Offshore Wind
Turbine at Gulf of Maine, https:/www.researchgate.net/figure/
NAUTILUS-DTU10-MW-FOWT-concept-The-DTU-10-MW-
RNA-is-mounted-on-the-NAUTILUS-10-floating_figl 328204534.

[9] ResearchGate, Hydro-Servo-Aero-Elastic Analysis of Floating
Offshore Wind Turbines, https:/www.researchgate.net/figure/Sub-
components-of-the-multi-physics-floating-offshore-wind-tur-
bine-FOWT-system_figl 345382952.

[10] IEC, 2019, Wind energy generation systems Part 3-1: Design
requirements for fixed offshore wind turbines, IEC 61400-3-1
Standard, Edition 1.0, 2019-04, IEC.

[11] Jang, B.S. and Ko, D.E., 2017, Ship and Offshore Structural
Mechanics, TextBooks.

Received 4 January 2023
Ist Revised 20 January 2023, 2nd Revised 27 January 2023
Accepted 2 February 2023



	기본설계 단계에서의 해상풍력 부유식 하부구조물의 피로성능 분석
	요약
	Abstract
	1. 서론
	2. 환경하중 분석 및 피로해석 방법
	3. 해석 결과 및 분석
	4. 결론
	References


