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The Influence of Suction Foundation Models for Offshore Wind Turbine
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Abstract : Suction piles have been widely used as foundations and anchor systems in offshore industry, and
recently, it have been tried to be used as foundations for offshore wind turbines. Many researches have shown that
stiffness of a foundation could effect dynamic responses of a offshore wind turbine so that appropriate modeling
application of wind turbine foundations is recommended. In this paper, we calculate a stiffness matrix of a suction
foundation through 3D FEM analysis and compare the results with the ones calculated by conventional formula for
estimating stiffness of shallow foundations. And then we carry out integrated load analysis for the evaluation of
dynamic responses and natural frequencies of the structure using the calculated stiffness matrix. The results shows
that the effect of load in the mudline is not large, but in the case of assuming the foundation as a fixed support, the
natural frequency is over-estimated up to 10%. Therefore, considering stiffness of foundations is recommended
when you evaluate the natural frequencies of wind turbine structures.

Keywords : Offshore wind turbine, Suction foundation, Stiffness matrix, Finite element analysis, Integrated load
analysis
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Fig. 1. Foundation stiffness model.
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Fig. 4. Comparison of Load-settlement curve.
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Table 2. Load Case for Analysis(IEC, 2009)

Design Load DLC6.1a
Case:
Operating .
condition: ldling
External Extreme Wind Model (Turbulent) V,,=Vs,
condition: ESS, ECM, EWLR
Type of analysis Ultimate
Partial safety 135
factor
Description of Simulations:
Mean wind Yaw Wind/wave
Hg T, -
speed [m] [s] error  misalignment
[m/s] [deg] [deg]
6.1a 42.5 740 1519 8 0
- Three dimensional non-isotropic Mann turbulent
field
- Six turbulent wind seeds per wind speed
Com- ..
bin(indexed 1-6)
ments:

- Wind gradient, a=0.11
- Extreme current of 0.88 m/s applied
- HSWL: 4223 + 172 =21423 m

Table 3. Modal Frequencies

Mode 1 Mode 2 Mode 3 Mode 4
Case side-side fore-aft torsional side-side
Rigid 0.320 0.322 1.413 1.869
DNV 0.298 0.300 1.450 1.728
FEM 0.291 0.293 1.395 1.647
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Table 4. Ultimate loads at mudline
Case Mx(kKNm) My(kNm) Mz(kNm) Fx(kN) Fy(kN) Fz(kN)
Rigid 5895 125374 138340 -85238 10014 -1218
DNV 6037 121815 127797 -85230 10221 -1330
FEM -4338 121368 115464 -85391 7175 1620
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