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Abstract: The shallow seabed in China's offshore wind farms is primarily composed of soft clay that can exhibit
remarkable cyclic softening and deformation accumulation. Accordingly, suction caisson foundations and the
supported superstructure can show excessive displacement accumulation under seismic loading, and thus
threatening serviceability of wind turbine. This works conducts centrifuge shaking table tests for turbine supported
by single caisson and multi-caisson jacket foundations in undrained clays, and constructs corresponding numerical
model based on an undrained total stress-based constitutive model for cyclic loaded clay accounting for
small-strain stiffness. The numerical model was validated against experimental data. By using numerical
simulations, this work studies the effects of foundation types on the acceleration and deformation response of wind
turbine superstructure under seismic loading. The relationships between turbine seismic response and filtering
frequency-contents of earthquake loading via foundations are explored. This study shows that the proposed

numerical model can reasonably capture the seismic response of suction caisson foundation and superstructure.
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There are strong correlations between magnitude of turbine tower accumulative displacement and its vibration

intensity during earthquake. When featuring similar static loading characteristics, compared to single-caisson

foundation, multi-caisson jacket can filter certain higher-order frequencies of seismic loading, and thus leading to

smaller superstructure acceleration and consequently lower cumulative displacements.
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Fig.1 Schematic diagram of centrifuge test models and sensor

layout(unit: mm)
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Table 1 Geometries of models for centrifuge tests

FEAE D;/mm L/mm #/mm D>/mm H/mm t/mm a/mm I/mm d/mm s/mm
LB 84 84 0.25 120 0.5 28 - - -
2058 QLA 56 56 0.25 120 0.5 44 84 10 84

T DVAWIIREAS, LAWIREER, o AWIIRERE, D, AL, HAEMEME, o ABAEE, o AREIMK, IASRERKE, 4

NFEIEAR, s NPT

R2 EORBR RS HO AR

Table 2 Material parameters and similarity ratio of models for centrifuge tests

L OAL N o< IR A <3 R HEp/ PR A v PR RN  SERAEN RN SE R
B UTHIBIE E EUHRBIE (kg m ) E/GPa A oLkt s RAIILL RAIILL
50(50) 50%(50%) 2700 70 52.68%(50°) 47.48(50%) 48.425(50°) 46.98%(50°)

e AT AONEIRARBILL, 55 AN SRR .



¢ 772

HA 1S TRER

2025 4F

2.3 THHIE

A S A 1 6 A5 TR SR Y A D Ok Y I Ry e
+o BUA WA X 12K AR COT A Hon ik S
R, T TAREASL HARA RS K. [FR,
TENT &L, SR Al LA T RAR L
J% 53 HEAYIE), WA FISRIESRI AR R A By — 8
R 2. Bk VG Y e = AR S HnR 3
fiso. s A R & DY 400 mm. i &I R
BRI~ EeEE AR R AR, AR5
£ 50 g AT TREAT B L 45 o [ 45 56 il il i
T AR B B A LSRG A, FRARERAE 50 g 5%
PR GRS 45, WV BRESH TN IR X - AA g
RN -

3 MR EL SR VG 08 = AR S 4
Table 3 Properties of saturated Malaysia kaolin clay
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Fig.3 Acceleration and Fourier amplitude of seismic loading

at the base of soil in centrifugal shaking table tests
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Fig.4 Acceleration at the ground surface of free field
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Table 4  Soil model parameters in centrifuge shaking table tests
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Fig.18 Comparison of acceleration and Fourier amplitude at the head of tower and suction caisson
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