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ABSTRACT

Because of the development of wind turbine farms in seismic areas, such as East
Asia, southern Europe, and the United States, as well as the importance of the
foundation of the wind turbines in the design and implementation, it is necessary
to study the seismic behavior of wind turbine foundations. In this study, the
seismic behavior of monopile foundation of a simplified offshore wind turbine
model under a specific earthquake record was evaluated by using finite element
method in OpenSees software. At first, the proposed numerical model was
validated by the results of a dynamic centrifuge modeling of a steel pile located in
sandy soil. Then, the effects of various parameters such as dimensions of
monopile (diameter and length), soil relative density, end bearing pile effect and
wind load effect were evaluated. The results of this study showed that the changes
of these parameters have significant effects on the seismic behavior of the
monopile of offshore wind turbines. Increasing dimensions of monopile (diameter
and length) and soil relative density improves the seismic performance of the
structure and foundation system and reduces lateral displacement at the top of
tower and reduces settlement and rotation of the monopile. Chang of behavior of
the monopile from frictional pile to end bearing pile, improves the behavior of the
wind turbine structure and foundation under seismic loading. Also, wind loading
causes more displacement and rotation to the structure, and static wind load
creates more critical conditions than the dynamic wind load.
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Property Value

Rating 5 MW

Rotor orientation, configuration Upwind, 3 blades

Rotor diameter, hub diameter 126 m,3m

Hub height 90m

Cut-in, rated, cut-out wind speed 3m/ns1/ s 11.4 m/s, 25

Cut-in, rated rotor speed 6.9 rpm, 12.1 rpm

Rated tip speed 80 m/s

Rotor mass 110 000 kg

Nacelle mass 240 000 kg

Tower mass 347 466 kg

Tower height 87.6m

Tower top diameter, wall thickness 3.89m, 0.019 m

Tower base diameter, wall thickness 6 m,0.027 m a7 .

Substructure base diameter, wall thickness 6m,0.06m ,‘3‘3 ) (h

Support structure steel density 8500 kg/m? o

Steel Young’s modulus 210 Gpa

Property Value
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