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REDWIN

4-year research project
Sponsors: NFR, Statoil, Vattenfall, Statkraft
Partners: NGI, NTNU, IFE, Dr. Tech. Olav Olsen
16 mill NOK
Bottom fixed OWT
1 year left



Load frequencies and eigen frequncy
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Blade load frequencies (1P and 3P)
Wind spectrum (Kaimal)
Wave spectrum (JONSWAP, Hs = 2.4 m)

Turbines: 
DTU 10 MW
Vestas V164 (8MW)
Siemens SWT-6.0-154 (6MW)
Siemens SWT-3.6-107 (3.6 MW)
Vestas V90 and V91 (3MW)

Soft-soft Soft-stiff Stiff-stiff

Source: Arany, L., Bhattacharya, S., 
Macdonald, J. H. G. and Hogan, S. J. (2016)



The importance of the foundation
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The importance of the foundation
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Source: Kallehave, D., Byrne, B. W., LeBlanc 
Thilsted, C. and Mikkelsen, K. K. (2015)

Adapted from: Schafhirt, S., Page, A., 
Eiksund, G. R. and Muskulus, M. (2016)



Integrated dynamic analyses

Aero dynamics
Hydro dynamics
Struktural dynamic
Turbine controller (pitch)
Soil/foundation respons



Geotechnical involvment



Current practise
p-y springs (API, PISA) for monopiles
Linear elastic springs for shallow fundations
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REDWIN model principles
Application oriented models, such that the choice of model 
appear intuitive.

User interface understandable for practitioners.

General models, adaptable to different ground conditions. 

The models have to work in time domain analyses. 
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Monopiles
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Gravity based foundations
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Bucket foundations
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Model demonstration



Foundation damping

𝐷𝐷𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 =
∑ 𝑉𝑉 � 𝐸𝐸ℎ

4𝜋𝜋∑ 𝑉𝑉 � 𝐸𝐸𝑝𝑝



Effect of foundation behaviour on fatigue
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Mode A
p-y elements

Model B 
Lumped linear elastic 

Model C 
Lumped linear elastic
with viscous damper

Model D
Lumped nonlinear
REDWIN model 1

Aasen, S., Page, A. M., Skau, K. S. 
and Nygaard, T. A. (2017) 



Comparison of model and measured response
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Summary and conclusions
The models and tools developed in REDWIN seems to contribute 
to more accurate descriptions of foundations in design 
They include damping, which is often neglected. 
The knowledge of soil and site can be better utilized in design
Improved accuracy reduce costs
Currently working om cost reduction effects in more detail. 
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