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Prediction of seismic loads on a monopile supported offshore wind turbine by
equivalent linear models

A AR

BrE S

gl BT Ak &

Yuho KAWAMOTO  Yasuo NITTA Haruyuki NAMBA  Takeshi ISHITHARA

‘! Shimizu Corporation, Nuclear Projects Division, 2-16-1 Kyobashi, Chuo-ku, Tokyo, 104-8370, Japan
Fax:+81-3-3561-8682, E-mail: kawamoto@shlmz co.jp

*2 Researcher, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656, Japan

*3 Professor, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Abstract

Seismic loads on a 3MW offshore wind turbine supported by a monopile are investigated by a one-
dimensional Winkler model (1D model) with multi-soil springs and dashpots and are compared with those
by a three-dimensional thin layer method (3D TLM). Firstly, the Winkler springs by Francis’s formula and
dashpots by the simplified method are evaluated and compared with those obtained by the TLM. It is found
that the predicted stiffness is close to that by the TLM, while the predicted damping is considerably smaller
than that by the TLM. The seismic loads by the 1D models with the evaluated springs and dashpots are then
compared with those by the 3D TLM. It is found that the seismic loads evaluated by the 1D model are close
to those by the 3D TLM when the springs and dashpots are evaluated by the TLM, while the 1D model with
the Winkler springs and dashpots obtained from Francis’s formula and the simplified method overestimates

the seismic loads on the tower and monopile.
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(b) Definition of displacements and forces

Fig. 1 Three-dimensional thin layer model for a monopile
supported offshore wind turbine
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Fig.2 Wave propagation in vertical and horizontal directions
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Fig. 3 Balance of forces of a differential soil portion
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Fig. 4 Displacement distribution of a TLM element
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Table 1 Representative specification of the TLM model

Parameter Value
Rated power 3IMW
Sea water level (above seabed) 12.8m
Tower base height (above seabed) 256m
Hub height (above sea surface) 85.5m
Monopile length (below seabed) 27.0m
Blades and nacelle mass (rigid) 178 ton
Tower 38
Number above seabed 17
of Monopile | blow seabed 27
elements Rigid beam 16x 27
Soil under monopile 35
Boundary condition (soil bottom) Viscous boundary
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Table 2 Natural frequencies and modal damping ratios

Model Ka KFrancis
Ist mode frequency (Hz) 0.383 0.388
2nd mode frequency (Hz) 1.704 1.741
Model Ca Cie

Ist mode damping ratio (%) 0.92 0.39
2nd mode damping ratio (%) 4.69 1.54
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