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Figure 1 (Color online) Illustration of scour effect on the lateral re-

sponse of a monopile.
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Figure 2 (Color online) Finite element meshes of large-diameter
monopile foundation under lateral loading (with scour hole).
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Figure 3  (Color online) Comparison of horizontal load-displacement
curves between finite element (FE) analyses and experimental tests
(D=44.5 mm, L=400 mm, y=16.4 kN/m’, ¢=0.5 kPa, $=35.2°).
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Figure 4 (Color online) Comparison of p-y curves between FE results
and eq. (5) (D=5 m, L=30 m, #=0.06 m, £=30 MPa, ¢=35°).
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Figure 8 Displacement contour of monopile and soil under lateral
loads. (a) Flexible pile (E=30 MPa, D=2.75 m, L=31.25 m, E,[,=
88.1 GN m’, k=324.7); and (b) rigid pile (E=30 MPa, D=5.0 m, L=30
m, E,[,=2940 GN m’, x =8.3) (unit: m).
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Effects of scour on horizontal bearing behavior of monopile
foundations for offshore wind turbines

QI WenGang'” & GAO FuPing"”

" Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute
of Mechanics, Chinese Academy of Science, Beijing 100190, China;
* School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China

Monopile is widely used as a typical foundation for offshore wind turbines (OWT). Local scour usually occurs around
offshore pile foundations, which may bring the reduction of both the effective stresses in the surrounding soil and the
effective pile embedment. Until now, the effects of local scour on the lateral pile-soil interaction have not been well
understood. In this study, a three-dimensional finite element model for the lateral pile-soil interaction is proposed and
verified with experimental results. The p-y curves describing the pile-soil interaction are extracted from a series of
numerical results with various sandy soil conditions and pile parameters. A parameterized expression of the p-y curves
for large-diameter monopile in sand is proposed. The results indicate that scour could induce a significant transition of
pile behavior for a monopile typically employed for OWT. If the pile exhibits rigid structural behaviors after scour, the
pile’s tip and shaft resistance may become a significant component of the whole soil resistance, which would render the
traditional p-y approach inapplicable. For a given depth below the scour base, the p-y curves get significantly stiffer with
increasing scour depth, especially at relatively shallow depths. The scour effects on the variation of p-y curves from the
present numerical results are generally consistent with the existing centrifuge results. As the slope angle of scour holes
decreases, the effect of the remaining sloping overburden soil above the level of the scour base reduces and the stiffening
of the p-y curves at a given depth below the scour base is correspondingly alleviated.

monopile foundation, scour, p-y curve, sandy soil
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