# £ I B % 4k

Chinese Journal of Geotechnical Engineering

AL W2
2019 4£ TH

Vol. 41

Supp. 2
July 2019

DOI: 10.11779/CJGE2019S2036

Z BRI N B MR AL R I aYE E XA S iR 11

T AT KEETS

(1. FPFRFHTERES TR, g 200092; 2. FPFFRFE LT TREAEWESLEE, FE 200092)

O LRI BRI S KA s R sl B AR AR, P EIRIS, EE R 2 & WL
o B RHLEEHI I SE IR0 7t 2 SRR [ 5, LA PR e, B0 X LRk L B IR A+ 2 S RO T RAL Y
Mro DA BNFENE SR e LA MR SR 5, T XL AP RRAB R & WA T7E, T T AR A AN [F] 1
N EEF L 2 s B ML S AR R R e, S T BN L S 5L R R SR T 4 AR
FENEHEIR EE g b RS IR AT R = ARG, SRR Ee /At SR M 2 B A

R KL BB MENEENE; Winkler AR5, JLIRMIR, WilkitE

FE 5SS TU473 XEAFRINED: A XEHRS: 1000 - 4548(2019)S2 - 0141 - 04

EHEBN: £ H0995— ), &, WiLid. FENFSE L TEMI. E-mail: wyue@tongji.edu.cn.

Resonance characteristics of offshore wind turbine structures founded on
partially embedded pile groups
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Abstract: Resonance occurs when the first natural frequency of wind turbines coincides with frequencies of the rotor rotation
and blade passing, which may cause damage to wind turbines in serious conditions. Most existing researches on the resonance
of wind turbines are qualitative analysis, assuming a rigid and fixed structure bottom. However, the quantitative analysis is
important, especially considering the effect of foundation embedment depth and soil parameters. The resonance of offshore
wind turbines supported by partially embedded pile groups is investigated. Based on the simplified method considering the
coupled horizontal-rocking properties of wind turbines, the influences of different embedding ratios of pile groups and the
elastic modulus of soils on the resonance of wind turbines are analyzed, providing the relationship equation between embedding
ratios and resonance frequencies. To investigate the resonance frequencies of offshore wind turbines with different embedding
ratios of pile groups, four model tests are carried out, which verify the rationality of the above theoretical analysis.

Key words: wind turbine; partially embedded pile group; Winkler model; resonance frequency; simplified calculation

0 3l

g B RS K2 KORG8 E A, s ahimge
BLIRE . ImFEHIAE IS e FE v el Tt e sh A <0
NGRS S G AV Rla SN i 2% 1B SO S LY T 5% SN
NG R SRS, N 1P SR, R e
BRI Nofis, N NP SE, Hof NN
MR ECH . MBI EIRIZE S 1P 5 NP AR E S,
Ko gtRm s,

H 1T KRHLEE R 180 7350 BT K 2 S 7E K AR Bk
FERA A, 110 S 358 0 N FREATE Al PO AR X%
. Gazetas 2™, Makris 2P Rtk —bE A TAE
KH5EE 1877 Winkler HiJEAETY, #5777 2RI
HRBERRE P 8 RT3l FI R R . 3 R 25 O T 3h

it

Winkler iy 5 B AL 38 MV, fai A0 70 A S IR H kv
W 7 5 FEATE Rl B 1) S KPR BRI, R R K-
RIERR G . IS B A U 1R T SRR K P
PR G, TR RS R 35 53 SN FEBE () BIF 7 48
R FEARAZR 0 1, BRI T AN A Z 25 A0 KL 45
AP SRERIUE AU BV SUNE 2 i Y i DN P
B Z A B R R .
ARAEH ARSI TAR SR 1, 5 REFERAK

PSR G BEPT, EE LA SRR AL B0 /) oy p A
B, BT oMok, B3] 7RSS HIRIE R

EEWH: EXALRFEESTHE (51779175

RS HE: 2019 - 04 - 30

*ERMEE (E-mail: zcrong33@tongji.edu.cn)



142 H O+ T OB % M

2019 4F

KEo Hik—DHELESHIIEM. &ndt T IH
AN IR SN EE AR L R IR A A 2 ALK
XYV 7 M7 45 R AR TEEAT 1 IR

1 XALEHRK - R TG A

PUBLE (T 3 IR 6 0 % R8T R R
IRT, BERTEACT B A T F (L S B A
1. TS O n /NG BB b BER
J6 i FREE T, R, HE R
A A B MR A i, SBT3 F IR SR
L, HACEA SRS BTRBLRI R
A o TR iy HE S B

=
_

I
= |
[——
= =
ERRE
= F
=

= S Inial
|| |k

A S

glma]

Il
PR Qe R CEU G
l\ S N\ > : [Rur]

E 1 RAE R EREE
Fig. 1 Calculation of wind turbine tower
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Fig. 2 Schematic of wind turbine structure
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Table 1 Resonance frequencies under different embedment ratios

N Ly Ly 0 0.11 0.17 0.25 0.33 0.43 0.5 0.67 0.83 1
Ly (L =30 m) 0.377 — 0.364 — 0.355 — 0.344 0.333 0.320 0.307
L+Ly N (L +L,=50 m) 0.390 0.377 — 0.364 — 0.349 — 0.333 — 0.314
0 — B N s
—— BiRE 3 IRIOXT LT
ol HRAER AT A TRRE, TFRE T 4 LRI
< LH UBLBLAL SRR 20 D BRI . LAyl b
KA, SO N ACE SRR IR, RS B
o8 BETURL RS IR, A4 S RBLES Y ISR AT
Il Il Il Il ] 3- 1 i%;é_jﬁt)];‘&jz
0 0.2 0.4 0.6 0.8 1.0

WAL
3 TEHEAEE R LT — L SRR

Fig. 3 Normalized resonance frequencies of wind turbine structures
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Fig. 4 Horizontal displacement-frequency curves of wind turbine

structures
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Fig. 5 Bender element signals of shear waves
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Fig. 6 Test setup and schematic of wind turbine
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Fig. 7 Relation between displacement and frequency under four

embedment depths
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