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Abstract: The dynamic response of offshore wind turbines is significant under extreme wind and wave
loading, posing a serious threat to their safety. Taking the NREL-5MW wind turbine as a prototype,
a series of 1g dynamic model tests were conducted to study the behavior of an offshore wind turbine
with a large-diameter monopile foundation in sand under extreme loading conditions. To replicate the
random and irregular characteristics of environmental loading under actual marine conditions, a self-de-
veloped linear motor exciter was employed to apply single-point loading using customized input nor-
malized waveforms. The displacement and stress response characteristics of the wind turbine system
were then comparatively analyzed under wind-only, wave-only, and combined wind-wave loading.
Furthermore, the influence of different loading conditions on fatigue damage at the connection joint be-

tween the superstructure and the monopile foundation of the wind turbine was investigated. The test
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results showed that under extreme wind-wave loading, the displacement and oscillation amplitude of

the wind turbine exhibited significant nonlinear growth with increasing loading. Wave loading was the

primary factor contributing to fatigue damage at the connection joint of the wind turbine structure. Ad-

ditionally, the linear superposition of the extreme displacements under separate wind and wave loading

was significantly larger than the coupled dynamic response under combined wind-wave loading. Con-

versely, the linear superposition of fatigue damage at the connection joint under separate wind and

wave loading was significantly lower than that under combined wind-wave loading. These findings pro-

vide valuable reference for the design and evaluation of offshore wind turbines, demonstrating signifi-

cant engineering applicability.

Keywords: 1g model test; offshore wind turbine; large-diameter monopile foundation; combined wind-

wave loading; fatigue analysis
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