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A study of one-dimensional nonlinear soil reaction model for prediction of seismic loads on
monopile supported offshore wind turbines
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Fig. 1 One-dimensional beam model



HIAED O D 1% L0 KREL R-T2HEITIE, H
OB RENB K E <, ARBFE CIIHMRR ) D IERR
EET N (@ Py 7)) L HERRMEOERIEET
N GEFFhy €7 V) 2EAL Y OLEBEIZLLT
DEIITHEE LT,

P=Ky/(+y/ys)=Ky, yq=F, /K, 3)

h=hy, (1-K/K,) )
2 ZCK T HRIEINE G, & by A D CREEREC L0 R
BRI RO TH S, by idh-y=FICETS
RARMELTHY, PITMRHER I TH L. p i

P /2DFEICEL L EOHBEM TH D, BWH LD
P LA IR Broms? DUz L 0 Red 7z,

F,=30'K,DLn (5)

ZIT, o\ IZinEA IS ), K, 13w AR
B, DIFHUER, LIIHRIXRO SR OME,
nIIHMIAETHY, /A LVOBEIFT 1 &T5.
AWFZE TR LT IERE R €T VI, BAL 3
DET VLRV, OHAEANEOWIEIEG, Tz
P, Bl 0% & LT, Mikgikic X v #igiEia
Kb X yaly FoERDIZ. ZOXHITKRDTZ
PRI ORI Y L, 1 RotE—AET
MWD, E-QBERNT, Ak - EHET /L 10
AW, 7ok, WEIEOBARNT A2 2 E S 572
HIZ, W 0.02%% 52 7=
TARFEEFHCINE T 5 1 ot E— AT MBI
2 I X R ORMPERS LU IEROBEREUILL T O
FOICHE Uie. BAACREIE Y 72 0 /K- Hk 1 R
k, I Francis D& HWT, R@)IZLVRD 5.

1.30E, (E, D) "
b, =——| = (©)
1-v, E,,J_f,,j

ZIT, EEVIEERTRHBOY L SR E R T VY
U, B kLR ENENE S A DY L SR
M 2WE—AL N THD.
WAL 24 72 1 00k T O 1 OO B AR ¢, 15X
(Mizk k5.
h-:', &Jrj Zf), f:fg
%’_{hﬁ@fwiﬁ+%%tf—ﬂ)hf

ZZC, h MR OEMBERL TH D, f RS-
HECROE AR (H2)Z2E£T. [, TR oK 1%k
FEARBETH S, o, (TRBEEEZ £ L, Gazetas b
DIiEEBEIC, R@IZLVRD L.

(f=r)

Ve AT

Cpua, =1.57p, DV (1+17,) (8)

ZIT, p, IHAEEE, 7, (U OS5 AR
¥, =340x(1-v,)), Vg (ZHUE O SRIEE A W7
JE(m/s) T 5.

3. MITERLEER
3.1 BHHMEBOMEGERT

it oD Sl & AR, B AR o Sl R
fi b i L OB UIERIEARHTIZ X 0GRl L7z, AT iR
i, HRANZ bviEGE ELEAR) &2 TRk

BIEHT D, TR 5 A HER &R
AR PRI LS.
a,(1+93757-2  (T<0.16)
So(M=1 254,z  (0.16<T<064) (9
1.6a,/T-Z (T >0.64)

2T, So(T) i3 TnY F i C o JE (L s BT E
AR BV (B 5%), T (ZEHI), %13 TR
[ C D FEAF KN C 320 Gal & L, Higs il 5k
Z#09&L7.

T T L, RO 08 1% & 72 2 Fe il & Hh
MEOT BN 1%L T &2 20D 2 7 —A%RET
5. ZH o OHBMMEEITNAR S 90 OGS R Tl
LRI TH Y, Fe koo AW s B | 35 g o8 A
Wi EE 0 0.55 (2 Tdh 5.

Fig.2 1Z1%, HMEO3 28 1%48 & 72 2 iz ic -
T, Fm#EMEYT (Equivalent Linear, LA T EL & I
5) B X OFERIEBIEMNT (Nonlinear Analysis, LA F
NA LIS 2 X 0155 - ik o908 A WO 2,
S5 fff SR U ORI ME L G/ G, & Sl h, D
Sy R D SR 10m (HE 2BV T, %l
BIEARITIZ L 0 5 SR O 2z b, BRIER
JERRATIZ X 0 B NI OT B3 12 fFIz K& <
RHZ LMD, Figd ok, MO 42 1%L T
O OFEMTRE R A R T, W > HYEEE 10m it
IZBWTHE, F#EMITICH T, BRIERIE AT
LD BONIHEEOT LN 3 I REL D, F
TeRWrEIC B W T, BERIERIEMITIC L VKD BT
HUBR P DN SR REAT I L D MR IR L0 K& <
B, TORER, BRIEBICHNTIZ L0156l
THG, /GOS0, BEE b, 1TRRIERIE
fEHroOIFH MREL A2 D,

3.2 1 REE—LETIIZEZMELERITOER
AWFFE T, EWHT MW DF /254 L HERDPE

IR IR R A AT kS & L7-. Table 1 12133724

WG & AT AR DWW T ICHR 6 22 S iuizu.



—EL
—MNA

0 5 10 ;5

v, (%)

(a) Effective shear strain

3 L L " L B 80 L N L s .
o 0z 04 08 08 1 o 5 10 15 20 25

[ hn (%)
(b) Ge/G ratio

Fig.2 Distribution of soil properties for a soil with Yma=>1%
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Fig.3 Distribution of soil properties for a soil with Yma<1%

Table 1 Specification of the turbine model

Parameter Value
Rated power 3IMW
Sea water level (above seabed) 128 m
Tower base height (above seabed) 25.6m
Hub height (above sea surface) 85.5m
Monopile length (below seabed) 27.0 m
Monopile diameter 5.5m
Blades and nacelle mass (rigid) 178 ton
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Fig. 4 Comparison of maximum responses by different
linear and nonlinear models for a soil with Yma>1%
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Fig. 5 Comparison of maximum responses by different
spring and damping models using equivalent linear
ground motion and 3D FEM for a soil with Ymax<1%
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