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Seismic response of the monopile-bucket hybrid foundation in offshore
sand deposit through centrifuge modeling
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Abstract: Seismic action tends to result in the liquefication failure of offshore fan foundation in the sand deposit.
Monopile-bucket hybrid foundation is a novel type of offshore fan foundation, combining the advantages of monopile
and suction bucket foundations. To investigate the seismic response of this hybrid foundation in sand, a series of
centrifugal shaking table model tests of monopile and the hybrid foundations in dry and saturated sand were
conducted. White noise and seismic waves with different frequency spectrum components were used to stimulate the
vibration for obtaining the natural vibration frequency, excess pore pressure accumulation of foundation soil,
acceleration response of the offshore wind system and foundation bending moment distribution of the two foundation
forms in sandy soil. The results show that the excess pore pressure of soil in saturated soil decreases in shallow
depth under the bucket component of the hybrid foundation, while the acceleration amplitude is enlarged
correspondingly. The shallow bending moment response of the monopile in saturated site is relatively larger with the
turbine exhibiting obvious residual displacement. Compared with the monopile, the hybrid foundation shows greater
acceleration response and smaller horizontal displacement in tests. The study provides a fresh reference for the
seismic design of offshore wind structures with monopile and monopile-bucket hybrid foundations.
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Fig. 1 ~ Dimensions and composition of model monopile and
monopile-bucket hybrid foundation
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Tab.1 Parameters of centrifugal model structure
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HAA/m KE/m  BEE/m HAA/m M%E/m  BEE/m HAA/m .
GPa GPa B /m GPa IV 71/kPa

R 0.03 0.3 0.004 0.03 0.34 0.001 0.128 0.05

2.4(PVC) T0(HE4E) 210 (Hi#1)
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Fig.2 The distribution curve of particle size of sand
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Tab.2 Scale factors of parameters in centrifuge tests

Yy P AL LE (R - 51 )
I a 50: 1
B v 1:1
Hi#% « 1:50
K 1:50
MAE Z I ] 1:50?
) 14 I i) 1:50
B f 50: 1
I p 1:1
SER N 1:1

AR B 5 IR 1 B AT IR A, Al
DA DR IR ol B 5 R 0 B 5z Sl 9040 X il 72 ) 7
T A T BN, B U RUAR i n] LA MR ALL
HISATEMRAE T 1 H SRR O, AR/ R 22
TR AR SR 0 - J2= A9 o o B2 s oz e D A 952 25
B0 SN R SON AN AR B A BT
AR (1 A 2o e P R Al T X R R i B
HUO BEASSRUAR M BE X 15 em (EE S ARSI AR) ,
LRl EEZ0 22 em , INE 3 Ban BT 4 D9l
PR IRGRAT B R T 37 3 RN 235 44 1) b 7R Sy v 1o 174 00
A S B AT AR AE | T A R - A A
JEIS T, LA KA s 28 UKL TBURE A4 328 J32 e 7 5 L7k
e 3 A -5 A 0 el A A i Rt T Y
FLIRTH S8 0 T MHLIR R B9 AL I Ak, T LVDT
AR RHLES TR 75 52 5 7 1) L B 7K LR A D 5 T
SRR FE A A B OB IS e, RN B R A
B SE A, 1425 R R

A

20 m

25 m
AN 35231371

B3 kEFHME
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Fig.4 Arrangement of the transducers
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Fig. 5  The acceleration histories and acceleration response
spectrum of the input earthquake motions
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Fig.6  Fourier spectra obtained by white noise sweeping ( the

horizontal axis is semi-logarithmic coordinate )
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Fig.7  Fourier acceleration spectra of two kinds of foundation
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axis is semi-logarithmic coordinate)
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Fig. 12 The relationship between A, and horizontal displacement

amplitude of wind turbines in different cases
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