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Abstract: A refined full-tower model of the steel jacket support structure of a 13.6 MW offshore wind turbine was established
using ABAQUS. Modal analysis showed that the vibration modes in the 2- and y-directions were similar, with the
first four modes dominating in each direction. Elastoplastic dynamic time-history analyses under three seismic ground
motions indicated that the tower-top displacement was primarily influenced by eccentric gravity under rare earthquakes
of 6 degree, and by ground motion under rare earthquakes of 8 degree. Under the same ground motion, the relative
displacement time histories at the tower top, as well as the bending moment and shear force time histories at the

tower base, exhibited identical waveforms, with amplitudes increasing linearly with peak ground acceleration (PGA).
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Keywords:

The jacket support structure remained intact under rare earthquakes of intensity 8. The tower-top displacements from
largest to smallest is wave 1, wave 3, wave 2, whereas the tower-base bending moments and shear forces from largest
to smallest is wave 2, wave 3, wave 1, demonstrating that tower-top displacement alone could not characterize seismic
performance. The displacement responses were dominated by the first mode, and the displacement amplification factors
were positively correlated with the response spectrum values at the first natural period. For Waves 1 and 3, the bending
moment time histories were dominated by the first mode, whereas the shear force time histories were dominated by the
first and third modes. For Wave 2, the contributions of the first three modes to the bending moments were comparable,,
and shear force time histories were dominated by the third mode. Despite the low response spectrum values
corresponding to the first mode of Waves 1 and 3, they significantly influenced the tower-top displacements, base
bending moments, and shear forces. These findings highlight the effects of long-period ground-motion components on
the seismic response of wind turbine jacket support structures should be considered.

wind turbine; jacket support structure; refined finite element model; modal analysis; seismic response; time-history

528 %:

analysis; spectrum analysis

RUBEJE T8 3 i AR T AR RE R, B BRI ik
I R T1 . BEE LA BETRZ A5 IE #E 5 A BREE R (7] L™
B, KRR R T Bk Mz B AT A

DAL HEL 3 2 S 0 XL B ) HE R 4 1 e PR XU LA
RIS 5 25 ) 38 - 2H i, G XL L 2 O BB R L 4 9 A
DA B EYUE e st ik s SO T R LA
AL N LA S A o S A R R 5 ERBE T
AR X AL % A is AT . KB ML 3 20 4G
FFEFE R S8 SR 3L Rl B AWM L XU A R R . BT
b RUHL B 35 22 2R Dy Ul B SR Al 5 i b R ER B L
XN =Ew, LG A R KRS . 3% IR KR H
HRERHET W UL X B R A5G B I | sA A
N R N AR S iR = e i R RRZ v o e
LA 24 5 XU 37 A TR RS M 0 20 %6 ~30 %61 L

FEBILR — B AT AR (RS ) 5 R R
o At P S 0 2L o A R TOUER AT MR U R O S AR
T 5 A AR b KT A R B RS S A

. E W b T & IE & IR i . T AR A
PR G AR W BE K 81 45 R AR ShiR (/D L H R O T
27 R AR A B 20~60 m 7K 5 S Y S v L
T, iR SR, E 2022 4F K, R 54 R LR
R e o VR T ol =S T ) W S R o S
17% , 3% HAR R e s K 400, B0 XA 5 83 1 1
2w BAE R o BfE KR L R R R KU ik
hbF 3% FE R i R R R L H A 3E EDINA AR 2 1
T 5 45 1 M R F R DX, Ml R e 3 AE A5 A e i R
MR OCHE . L, AU ML A S A 25 R 1 AR T Y [R) A
AT B E N AMIFR B T . Y HTEN X L XU L 5 A
ISR PR BB ST R

XTI T ANSYS 5 XU HLZH S8 20 4k kg
fi 4k S 2 PR T AR R | T JR T AR S 43 B R i R ) R 1, L
r s 5 A SR IR 8 0 i 2 7 3% W oR A o R 22 e TR
TR R ATk R AR AE M IR T ANSYS

AR TCAE X b T 2 R 5 A e R A AR A R PR
fiE , HAT T R % R LAl LA E A EARSEH . JAMES %5'83%
T ABAQUS, ¥ 54 4R LAk XL 1 £k hy 32 B TR Y | 1F 5
TN (A RIS 10 MW KBS 8 48 5 4%
5 AR TE 5 (B B U TS T R B RS S R R 1) 4y
o Xt 65 M O B G B I AR R SRR T — e o e B A
FA BE A3 A 5 3, A 9 R () A7 — = A B 7 AR 8L
SO b KU S5 R 7R R R SR TR VE R 3 AR SR
A i) 7 AT A P 52 ) A EG b 52 B A BT E1-Centro B
SRR . AR EIOSE T FAST v s 1 KU L4l 4
T Mo fB A AR AY 430 T 5 B 1 XU LA 7 M R
JRGIR SE[RIVE R (32 shm fz L 32 1 T #L A 28 245 il -mimd
HE 4 BHJE ¥ ) S s . ROMERO-SANCHEZ %1 4
OpenFAST BERIAFFE T KU In] | b 52 i A J7 ) 452 48 48 32
P2 AR ) O 1) 50 235 SRS B 0 ) SR T 5 R ke
N 5K 5 22 b 5 Bl A 1) 5 A AR X A okt S R
5 R i) 6 5 B S5 H P 7 R R R R . NGO %R A
BUE 7 e, BT ABAQUS 5 GH-Blade Xf F T W Jy
HE BABE AL = AR S T 20 L XU S PR RE L A
B RGE RS VR T (24 5 itk

ZE L AT G TE  XUR LA A R S A R G
IR 2 R F A6 B oC sl B0 (E AR Y, o JXUHL AL 4 A 44 i
REAE PR AT S [A) R B 15T A« 91 4 SR P 2 AT 40 4 A S B
P s AN Jie 4 SR L Rl SRy 3 A0 M R S % 9 AR
RN A A Sk M R AT o 1 A A B D B ST R B
G50 Jey T A8 W L, I 5 ) A o 7 ASE UK BB RS
2il Ak 42 35 A B A AL T i A5 2 S 5 ) b 7R I AR 40 BT
(I FE AT o 7 D,

e, AR SC R T A A B A PR S\
FUAR AL N B9 HE 13.6 MW 545 2R LRl v - XU AL 3% o0 i
BT ABAQUS 4 2 kS 4 b e 85 A7 BR T i 98 2
2 R Bl AR 45 K Y b RS i B A BT R i 2R A 56 IR
IR AL B %



5593

HE TG A0 A BR IO A 1Y XU R AL 2 5 A8 A0 S5 495 4 b 7 g 1 F 5 25

1 BRITEBEL
1.1 FEEZEHEN

AR SR - i Bl 0 R AT 5 B A PR S R B A
13.6 MW ¥ - 4l 40 45 22 AU 35 1 M iR 98 R AR (1)),
W LU R LA 34y . i 1) iR, B B R AR K
Rk (B HLAR Ao b ) INIE R R AR bt
T CEEIR L B3840 ) o

BN :
L W
%

B g | .
3
&
5

e ] [l

a) B R

E1 FELEN
Fig.1 Prototype structure

BB BRE O Q355 B, A8 R E 2 O 195 m, Horb ik
FERE TR R 11 m, S5 285 53 m, 8 Be s 7 m,
P 121 m, Fe b0 BE AR S TOUIHT 29 3 m, JiS HB Bk L il b
R B R 30 mo HEIE BT i 2 3 060 t, AL Sk T i 24
670 t, 5L BB & 24 300 to $NIE BrREEJE Sk 25~50 mm, Fb
R 6~8 m, T4 42 1F BE )R 2 30~80 mm, S 42 H
0.78~2.75 m, HE H Al BE 5 Ky 60 mm, SM 4% K 3.3 m, #% 4%
B L 4 30~90 mm.

1.2 BRTEE

JEF ABAQUS 58 U8 35 K 4l A gt 52, an | 2 7w
Ko AR Ji T RS54 14 28 A8 40 AR R 23 8 4
XEM ORFER Y SIS (F3IRKKM 226YY
B A XA ) R 6 2 R ELARFE A, A PRl 4 3 g IR
DL EWESE il 5 R 25 58 A 25 4 1 A B S K R Y 52
BEg B IR RR B A X U R R R AT R AR, A
Lo) s o ALk SR T A v Jo b OB D 5T 4 7 B 5% 4t
B I g A 5 R R O R — K

A SO E WL Sk Sk F 4 1) F2 38 kg o il A 1w, KPR 2
il I 1) 306 B A 90° A7y il I 1) 5 ML Sk S50 VT o i 7 1)
O 1.6 m,y ] TR Oy 5 J0T A5 5K 85 T8 2 57 # & 29 3R

F 3 A {2 3 Sy e R A BB, 4 ST AT A
Pl S A4 B T e 3 SORT B 5 OR iR 0k TR Ot B SR )

B2 BERRTER

Fig. 2 Finite element model of whole tower
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Table 1 The first five modes in x and y directions

& WE/(Hz)  AHERE/N HEARIFW/%
Y —H 0.218 08 1 006.60 32.92
e — 0.220 87 1035.10 33.85
yE=H 1.080 70 337.41 11.03
e = 1.250 10 379.66 12.42
yE =K 2.403 70 781.43 25.55
T = 2.542 30 791.56 25.88
y ey 3.684 80 568.83 18.60
16 v - 3.779 80 493.24 16.13
RACEA 5.657 30 106.04 3.47
v B 5.681 70 100.20 3.28
yE &t — 2 800.60 91.58
FROPS s — 2 800.90 91.59
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Fig. 3 Wind turbine tower first five modes in x direction
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Fig.4 Seismic response spectrum
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Fig.5 Displacement time-history of tower top
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Fig. 6 Relative displacement amplitude of tower top
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of tower bottom
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Fig. 13 Bending moment amplitude of tower bottom
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Fig. 14 Shear force amplitude of tower bottom
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Fig. 16 Fourier spectrum of shear force of tower bottom
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