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Seismic response test of single-bucket foundation for
offshore wind turbine in clay site

XIE You', XU Chengshun', LING Weiyu', LIU Kaiyuan®
(1. Key Lab of Urban Security and Disaster Engineering of the Ministry, Beijing University of Technology,
Beijing 100124, China; 2. China Three Gorges Corporation, Beijing 101110, China)

Abstract; To systematically study the seismic response of single-bucket foundations for offshore wind turbines in
clay sites, a shaking table test of the clay site-offshore wind turbine single-bucket foundation system was conducted.
The dynamic responses of the system under the combined action of normal wind, wave, current loads and wind,
wave, current and seismic loads were investigated. By analyzing the seismic dynamic responses of the soil and
structure, the failure modes of the single-bucket foundation in clay sites were explored. The results show that the
long-term environmental loads such as wind, waves and current cause stiffness changes of the soil around and inside
the bucket foundation, which exert a greater influence on the soil inside the bucket with a higher soil softening
degree than the outside soil. Under the action of small earthquakes, the offshore wind turbine-bucket foundation
system in clay sites performs well, no soil softening occurs, the horizontal displacements and settlements of the
structure are small, and the wind turbine system can operate normally. Under the action of strong earthquakes, the
soil at the center and around the bucket softens, and the softening of the clay leads to the loss of bearing capacity of
the soil, the bucket foundation gradually settles and undergoes irreversible tilting, and the system eventually fails.
Compared with the center of the bucket, the softening of the soil around the bucket is more obvious. When
encountering strong earthquakes, the safety of the offshore wind turbine-bucket foundation system cannot be

guaranteed, and the engineering application of bucket foundations in clay sites deserves attention.
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Table 1  Similarity relationship and similarity ratio of model system

Yy B KFRFEBRX MM ML Yypite: KERFBIRX SEMARRILL AL

KE S, 1:70 — it M S5,=S, 5> 1:7073 —

i s,=5,* 1:707 — HF Sp=S, 878, 1:707 —
[ildris=a)) Sp=S, 1 — JNEEE o S, 1 1
FREE e S,=S, - (S, - s)7! 1 1
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Table 2 Prototype and model relevant parameters of single-bucket foundation-superstructure

YyEa JE Y T Yy i %t}
KL M, kg 460000 3.10 B B /m 40 0.65
TR M,/ ke 440000 2.90 39 BB S/ mm 75 1.00
T JEAh B M,/ kg 1500000 10.10 SEBEZ/m 10 0.14
BT KB /m 85 1.20 TR/ m 24 0.34
JE A BEJE/ mm 60 1.00 T FE R BE T/ mm 60 1.00
A HA/m 7.5 0.10 [EE-SEREAN 24 0.34
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Fig.2 Schematic diagram of single-bucket foundation-superstructure



16 WwoE L B 5 T B & 3 546

13 G

Sy T AT B B - SR ST Y 5, A i 100
Y5 R B R RIS K5 bR, S sof
ERBIRS L, FREADLE Rl E0S m B F
FEMTE0.7 m WL T5% MR RAM, WE 3, 5w )
RSN SN 3, LR 3, & |
F2 0.7 m 850 N 5% B R MR R T L B

Fl ST D M ASADL P K AR T ) SR 52 % T T
AR+ W T B T RIRE > LB (A Wb

il s e . : e B3 B R
BUREAH S Th SRR L~ 2, P RO SRt Fig.3 Gradation curve of sand particles in the test
WHTA A Kt 4 A ) A B T
Bt REEH 0.1 m) | A58 — 2 BRIk TR, PR 525 B8 0 S0 7 B R - PR R 25 5
U2 5 AL N K VS - T8 500 A, B 1 h P R B 2R K I L B 2 em 24
TR R L PR B S R R 3 A T TR A T R AR IR B A | IR s R
VS 2R R AR AL S L L 4, WIS SR 2 o R [ o A e 0 50 B 2 S
AN, FLAIEE 75% B 1, S SR RITD 13 A X5 B0 R A5 9 bk BB

BRI LW LI 4 B L M - B ST TR R AR A — 3 B RS 0.5 m,
4 E R A MR SR AT (0 AR - 2O BB DR I ST M 4556 1 558 Bt
LN TS AN | ORI B LA T S B3 5 506 J2 Ak B SR 0 ML B 4 A B MR A , 7 -k D
AR R | em 625+ T AR HCHEK BE A% . 256 1 HUBE 17 FE A e R EE - e DU Do s 1 145
B EREORITR BE Bt U I {E R 29.4 kN iE I A SR E L 5] s, ML E S5 E) A 20 d, 45 20 d
JE LTI N 8.5 om, ZEHUREIT (70 T 186 - 1 5125 FE S 80%% . [A145 20 d J5 8 6 - E 47 URE W0 75
4520 d J5 %N 1.89 g/em’,

x3 BANPHYESH

Table 3  Physical parameters of saturated sand

BRT#E/ (wem®) BNFEE/ (yem®)  FAHSRMC, BRALBRI e, B/MLBRL e,y XTSI %

1.64 1.33 2.86 0.985 0.608 60
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Table 4 Measurement of the relative compactness of saturated sand

R/ m AHXS 2 92 BE/ %
0.7 75.8
1.0 76.1
1.3 76.3

x5 HIWMESH
Table 5 Physical parameters of clay

B (o) GOKEE W% W W% BB W, %  WHHEE,  WHEE, | BRILEG, KA.
1.65 34.80 45.10 27.00 0.43 18.10 2.72 0.954
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Fig.4 Schematic diagram of the deployment of the single-bucket foundation sensor
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Table 6 Test loading conditions
;27 LPN V=45 WETE I BE PGA/g At ) /s P /i) ] B/ min T
1 I 0.10 30 — —
2 LEAP 0.10 16 60 LP1
3 FIE 0.10 30 — —
4 El Centro 0.20 30 60 EL1
5 I 0.10 30 — —
6 El Centro 0.35 30 60 EL2
7 I 0.10 30 — —
8 El Centro 0.50 30 60 EL3
9 Sl 0.10 30 — —
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Fig. 13 Horizontal displacement of the tower top and the settlement of the bucket foundation
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