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Challenges in fatigue analysis

̶ Dynamic simulations

̶ Rigid floater connected to rigid/flexible tower

̶ Easy to extract loads at tower base

̶ Result: focus on tower base fatigue in literature

         

3

[1] Rappe, Victor, et al. “Fatigue analysis of floating offshore wind substructures” in 2024 FEA Research Symposium, Abstracts (2024).

[1]
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Challenges in fatigue analysis

̶ Dynamic simulations

̶ Rigid floater connected to rigid/flexible tower

̶ Easy to extract loads at tower base

̶ Result: focus on tower base fatigue in literature

         

4

What about the welded joints?

[1] Rappe, Victor, et al. “Fatigue analysis of floating offshore wind substructures” in 2024 FEA Research Symposium, Abstracts (2024).

[1]
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Challenges in fatigue analysis

̶ Dynamic simulations

̶ Rigid floater connected to rigid/flexible tower

̶ Easy to extract loads at tower base

̶ Result: focus on tower base fatigue in literature

         

̶ Detailed fatigue analysis

̶ Need knowledge of local stresses

̶ Solution: development of multi-dimensional 

modelling strategy

̶ Reference turbine: OC4 DeepCWind

5

What about the welded joints?

[1] Rappe, Victor, et al. “Fatigue analysis of floating offshore wind substructures” in 2024 FEA Research Symposium, Abstracts (2024).

[1]
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Global hydrodynamic 

analysis

Shell-based FE 

analysis

Solid-element 

submodels

Hot spot stress 

approachLocal fatigue damage

Multi-dimensional modelling strategy

6

[2]

[2]    Rosario Dias, D., Extended abstract: “Analysis of the Structural Integrity of a Floating

 Semisubmersible Foundation for Offshore Wind”, Universidade de Lisboa (2020).
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Global hydrodynamic 

analysis

Shell-based FE 

analysis

Solid-element 

submodels

Hot spot stress 

approachLocal fatigue damage

Multi-dimensional modelling strategy

7

Load mapping method 

[2]

[2]    Rosario Dias, D., Extended abstract: “Analysis of the Structural Integrity of a Floating

        Semisubmersible Foundation for Offshore Wind”, Universidade de Lisboa (2020).
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Load mapping method

8OpenFAST simulation without wind or Morison loads, wave height = 10m, wave period = 9s

Note: all loads in the local frame of reference

[1]
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Load mapping method

9

[1]

OpenFAST simulation without wind or Morison loads, wave height = 10m, wave period = 9s

Note: all loads in the local frame of reference
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Load mapping method

10

[1]

OpenFAST simulation without wind or Morison loads, wave height = 10m, wave period = 9s

Note: all loads in the local frame of reference
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Load mapping method

11

[1]

OpenFAST simulation without wind or Morison loads, wave height = 10m, wave period = 9s

Note: all loads in the local frame of reference
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Load mapping method

12

Hydrostatic loads

[1]

OpenFAST simulation without wind or Morison loads, wave height = 10m, wave period = 9s

Note: all loads in the local frame of reference



@
U

G
e

n
t  - A

ll rig
h

ts
 re

s
e
rv

e
d
 fo

r a
ll c

o
u
n

trie
s

C
a

n
n

o
t b

e
 d

is
c
lo

s
e
d

, u
s
e
d

, o
r re

p
ro

d
u

c
e
d

 w
ith

o
u

t p
rio

r w
ritte

n
 s

p
e
c
ific

 a
u
th

o
riz

a
tio

n
 o

f U
G

e
n
t

C
O

N
F

ID
E

N
T

IA
L

 –
 P

riv
ile

g
e

d
 In

fo
rm

a
tio

n
 –

 U
G

e
n
t p

ro
p

rie
ta

ry
 in

fo
rm

a
tio

n
 

Load mapping method

13

Hydrostatic loads

[1]
Hydrodynamic loads

OpenFAST simulation without wind or Morison loads, wave height = 10m, wave period = 9s

Note: all loads in the local frame of reference
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Hydrostatic loads – Impact of modelling decisions

14

Analytical OpenFAST Abaqus
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Hydrostatic loads – Effect of pitch on 𝐹𝑧

15
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Design challenges for the OC4 DeepCWind

16

[MPa]̶ Hydrostatic pressure is enough to ensure yielding!

̶ Floater is only designed to be used as rigid body

̶ Hollow cylinders + ballast

̶ Redesigned the OC4 DeepCWind

̶ Added stiffeners and changed wall thicknesses

̶ Based on work of Vasconcelos et al. [2]

̶ Value as reference turbine is lost

[2]    Vasconcelos, et. al. “Structural Evaluation of the DeepCWind

        Offshore Wind Foundation”, Frattura ed Integrità Strutturale, 51 (2020) 2444.
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Load mapping method

17

Hydrodynamic loads

OpenFAST simulation without wind loads, wave height = 10m, wave period = 9s

Note: all loads in the local frame of reference
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Hydrodynamic loads – Diffraction and Froude-Krylov

18
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Hydrodynamic loads – Radiation

19
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Load mapping method – All together

20OpenFAST simulation without wind loads, wave height = 10m, wave period = 9s

Note: all loads in the local frame of reference
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Sum of all forces

21

Effect of radiation Effect of hydrostatic 

modelling
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Summary

22

̶ Load mapping method

̶ Part of a multi-dimensional modelling 

strategy

̶ Impact of hydrostatic modelling

̶ Distributed hydrodynamic loads

̶ OC4 DeepCWind

̶ Updated version no longer useful as 

“reference turbine”

̶ Use modelling strategy to strengthen 

substructure without changing 

hydrodynamical parameters

[MPa]



@
U

G
e

n
t  - A

ll rig
h

ts
 re

s
e
rv

e
d
 fo

r a
ll c

o
u
n

trie
s

C
a

n
n

o
t b

e
 d

is
c
lo

s
e
d

, u
s
e
d

, o
r re

p
ro

d
u

c
e
d

 w
ith

o
u

t p
rio

r w
ritte

n
 s

p
e
c
ific

 a
u
th

o
riz

a
tio

n
 o

f U
G

e
n
t

C
O

N
F

ID
E

N
T

IA
L

 –
 P

riv
ile

g
e

d
 In

fo
rm

a
tio

n
 –

 U
G

e
n
t p

ro
p

rie
ta

ry
 in

fo
rm

a
tio

n
 

Ir. Victor Rappe
PhD candidate 

SOETE LABORATORY

E Victor.Rappe@UGent.be

 linkedin.com/in/victor-rappe/

www.ugent.be

Universiteit Gent

@ugent

@ugent

Ghent University

Financially supported by the FPS Economy 

(FOD Economie) under the call 2022 of the 

Energy Transition Fund.


	Slide 1
	Slide 2: Accurate load mapping for fatigue analysis of floating offshore wind turbine substructures
	Slide 3: Challenges in fatigue analysis
	Slide 4: Challenges in fatigue analysis
	Slide 5: Challenges in fatigue analysis
	Slide 6: Multi-dimensional modelling strategy
	Slide 7: Multi-dimensional modelling strategy
	Slide 8: Load mapping method
	Slide 9: Load mapping method
	Slide 10: Load mapping method
	Slide 11: Load mapping method
	Slide 12: Load mapping method
	Slide 13: Load mapping method
	Slide 14: Hydrostatic loads – Impact of modelling decisions
	Slide 15: Hydrostatic loads – Effect of pitch on cap F sub z 
	Slide 16: Design challenges for the OC4 DeepCWind
	Slide 17: Load mapping method
	Slide 18: Hydrodynamic loads – Diffraction and Froude-Krylov
	Slide 19: Hydrodynamic loads – Radiation
	Slide 20: Load mapping method – All together
	Slide 21: Sum of all forces
	Slide 22: Summary
	Slide 23: Ir. Victor Rappe PhD candidate   Soete Laboratory  E Victor.Rappe@UGent.be  linkedin.com/in/victor-rappe/  www.ugent.be 

