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Experimental investigation on cumulative horizontal displacement and
unloading stiffness of large-diameter monopiles for offshore wind

turbines under nonlinear wave loads
LEI Yilin,XIA Chentao ,DENG Yuhong ,L1U Kaifu
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To investigate the nonlinear wave loading effects on the cumulative horizontal displacement
and unloading stiffness of large-diameter monopiles for offshore wind turbines, a series of laboratory
model tests were conducted to quantify the influence of first- and second-harmonic load amplitude, load
frequency and number of cycles on cumulative horizontal displacement and unloading stiffness of large-
diameter monopiles. The results demonstrate that the increases in first- and second-harmonic load
amplitude, load frequency and number of cycles all lead to larger cumulative horizontal displacement of
large-diameter monopiles. Unloading stiffness gradually decays with the increase in the number of cycles.
An increase in the first-harmonic load amplitude will aggravate the decay of the unloading stiffness. While

a larger second-harmonic load amplitude, under the same number of cycles, results in greater unloading
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stiffness. At higher load frequencies, the initial unloading stiffness increases. However, the subsequent

decay of stiffness with number of cycles also becomes more pronounced. This study reveals the influence of

harmonic effects on the horizontal displacement accumulation and unloading stiffness degradation of large-diameter

monopiles, and the relevant results can provide an experimental basis for assessing the long-term cyclic response

and optimizing the design of offshore wind turbine monopiles subjected to nonlinear wave loads.

Key words: nonlinear wave loads; large-diameter monopile; second-harmonic; cumulative horizontal

displacement; unloading stiffness
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