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1. Maximum monopile head translation and rotation 

2. Maximum monopile toe displacement 

3. (Vertical tagent criterion) 

Certifier: accumulated life time 

displacement of the foundation pile 

Damping (aero/hydro/soil) reduces fatigue 
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2. Simplified model 
Parameter M 

[kg]  

L 

[m] 

EI 

[Nm²] 

kr 

[Nm] 

cr 

[Nm/s] 

Case 1 2.2e5 100 8.4e11 1e11 1e10 

Case 2 2.2e5 100 8.4e11 2e11 2e10 

6 



2. Simplified model 

7 



1.Introduction 

2.Simplified model 

3.Winkler models 

4.FE-BE model 

5.Case study: Horns Rev - Static 

6.Case study: Belwind - Static 

7.Case study: Belwind - Dynamic 

8.Conclusion 

 

European Investment Bank 



3. Winkler models 
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4. FE-BE model 
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EDT: Schevenels et al. 



1.Introduction 

2.Simplified model 

3.Winkler models 

4.FE-BE model 

5.Case study: Horns Rev - Static 

6.Case study: Belwind - Static 

7.Case study: Belwind - Dynamic 

8.Conclusion 

 

Contractors World 



13 

5. Case study: Horns Rev - Static 

Soil characteristics 
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Current design practice 
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5. Case study: Horns Rev - Static 
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5. Case study: Horns Rev - Static 
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6. Case study: Belwind - Static 
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Devriendt et al. 
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6. Case study: Belwind - Static 
FE-BE model 

Current design method 

Kallehave et al. 
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7. Case study: Belwind - Dynamic 

OWI-lab: accelerometers      5 modes 

Mode 

FA1 0.361 11.7 

SS1 0.365 15.7 

(FA2) 1.204 4.52 

SS2N 1.449 8.67 

FA2N 1.560 7.16 

Devriendt et al. 
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Primary wave (undrained) 

Secondary wave 
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7. Case study: Belwind - Dynamic 

Method 

Current design method 0.381 1.46 3.81 

Kallehave et al. 0.392 1.57 4.05 

FE-BE model 0.391 1.53 3.94 

Method 

Measured FA1 0.361 - 5.3 

Measured SS1 0.365 - 4.2 

CDM literature 0.345 - 9.5 

0.381 -  

Kallehave et al. 0.392 + 2.9 

FE-BE model 0.391 + 2.6 

Devriendt et al. 
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7. Case study: Belwind - Dynamic 

Mode 

FA1 0.361 11.7 

SS1 0.365 15.7 

(FA2) 1.204 4.52 

SS2N 1.449 8.67 

FA2N 1.560 7.16 

Devriendt et al. 

0,6 2 5 

0.391 0.391 0.391 

0.34 1.04 2.55 

1.53 1.53 1.54 

6.68 8.58 12.5 

3.94 3.94 3.94 

42.1 43.4 46.1 
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8. Conclusion 

1. The current design guidelines overestimate 

the displacement, moment and shear force 

for XL monopiles 

2. The underestimated soil stiffness result in 

lower natural frequencies 

    FE-BE makes better predictions 

(importance elastic soil properties) 

3. Dynamic variation of foundation is limited, 

but can increase for layered soil profiles 

4. Material damping is dominant for the  1st 

resonace mode 

5. Radiation damping is dominant from de 2nd 

resonance mode onwards 
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