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Structural response and load prediction analysis of offshore monopile
wind turbine under long-period offshore earthquake actions

YANG Qingchao, BAI Xiaodong, GAO Yongxin, KONG Fan

(College of Civil Engineering,Hefei University of Technology,230009 Hefei, China)

Abstract ; The offshore wind turbine structures are becoming more flexible and extend to deeper waters. At
the same time, historic data show that offshore earthquake contains abundant long period components,
which poses great challenges to the dynamic safety of monopile offshore wind turbines. This study focuses
on a 5 MW monopile fixed offshore wind turbine developed by the National Renewable Energy Laboratory

(NREL) of the United States and mainly investigates the long-period seismic motion effect on structure
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dynamic response characteristics of large offshore wind turbines. First, the seismic motions in the K-NET
database recorded in offshore stations are selected and classified using a characteristic index B, describing
their long-period component feature. Then, under the combined action of turbulent wind and seismic mo-
tions , the OpenFAST open-source software is utilized to examine three operational conditions,i. e. ,regular
operation , parked status, and emergency shutdown. The dynamic responses and tower loads are extracted
and analyzed ,and the emphasis is put on the effect of the long-period-component feature of the seismic
motions. Finally,,a more precise extreme load prediction model considering the long-period-component fea-
ture for the tower is suggested based on existing models. The results demonstrate that the movement and
seismic loads of the wind turbine are much greater under long-period seismic motions in offshore locations
than normal seismic actions. The aerodynamic effect increases the dynamic responses when seismic intensi-
ty is low. However, the aerodynamic effect,mainly the aerodynamic damping,lessens the dynamic respon-
ses when the seismic intensity is high. The extreme loads on offshore wind turbine towers under the long-
period offshore seismic motions can be more precisely calculated using the proposed prediction model in
this work.

Key words : long-period offshore earthquake ; OpenFAST software ; offshore monopile wind turbine ; struc-
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Fig. 1 A schematic illustration of spectral distribution of

complex environmental load for offshore wind turbine'®”’

EEXELA b IR AAFSE LAFRME NREL 5 MW JXUHL
SRR T K-NET Hi5E & /9 sf I ik | g ar K
Je it Sl b 52 . TE 2 AR Bh 72 TR IR 4K A OpenFAST
FITHERESL N, 141X Y AT AH 5C [ BRIsg T+ o 0T 1
AT A48 A8 A PR A 8 0 8 AN 0% 57 35 45 0] T, JF

AR : hitps :// cjam. xjtu. edu. en  BUFART B J12% 254k



184 A= A = = %43 %

Jre -l A B A I i b B XKL Bl o B 73
BIF 9 Ay 28 2 2% 1Y) T R SR 5 LB, R 3 T 31 ) 30
MR B X 25 AL i RS AR A 52 iR LB, 1k — 2 R
H A B TR R, Dy R AL A HUR B4R 11
b2 hiog ST

1 ARMNEIEHER

1.1 RIS FIBES EE T

AT L) 3 E 0 B AR BE YR S 56 % ( National Re-
newable Energy Laboratory, NREL) F & ) 5 MW ( %
FEINAR) W K AL B XS R, BN 3 M
I IRT) AL, FE 3% B 87. 6 m XUAR AR A
63 m, FHRE5HI N BAR 6 m, BEJEE 0. 06 m (1 4T,
BEAMFE RINER 1 PR EEZ MRS EOE WSTR[ 12]

1 NRELS5.0MW RANNEZLEHSE
Tab. 1 Main structural parameters of NREL
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Tab. 2 Information of selected long-period offshore earthquake data (B,>0.4)
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Fig. 10 Maximum tower bending moment and its prediction with different models
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