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Abstract

In this study, natural frequencies are compared using several pile-soil interaction (PSI) models to evaluate the effects of each model on

resonance safety checks for a monopile type of wind turbine structure. Base spring, distributed spring, and three-dimensional brick-shell
models represented the PSIs in the finite element model. To analyze the effects of the PSI models on a natural frequency, after a stiffness

matrix calculation and Winkler-based beam model for base spring and distributed spring models were presented, respectively; natural

frequencies from these models were investigated for monopiles with different geometries and soil properties. These results were compared
with those from the brick-shell model. The results show that differences in the first natural frequency of the monopiles from each model are

small when the small diameter of monopile penetrates hard soil and rock, while the distributed spring model can over-estimate the natural

frequency for large monopiles installed in weak soil. Thus, an appropriate PSI model for natural frequency analyses should be adopted by

considering soil conditions and structure scale.
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(c) Full model
Fig. 1 Pile-soil interaction models(adapted from Jang et a/, 2013)
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Table 1 1st natural frequency of BS and WBB models

The number of penetrated elements

Model 1 2 4 8 16
7 BS | 783 | 751 | 738 | 734 | 734
(Hz) | WBB| 734 | 734 | 734 | 734 | 7.34
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Table 2 Major parameters of comparative study with pile-soil
interaction models for offshore wind monopile

Part Parameter Value
1,000
Density(kg/m®) 1,500
2,500
Ground 20
Intial deformation modulus(MPa) 2,000
20,000
Poisson’s ratio 0.25
Density(kg/m”) 7,850
1
Diameter, D(m) 2
Pile - >
Thickness(cm) 3
Elastic modulus(MPa) 200,000
Poisson’s ratio 0.3
Penetration depth(m) 4D
Table 3 Mass and Inertia properties of RNA
Parameter Value
Mass(kg) 391,421
Mass inertia(kg-m?, about tower top) 40,300,020
of. mibelat Age] AEabge] GRS 1A 4 gl Akt

2 =

= o2 7hA ol U ARE- 4, AWE MY 9 A i, B ated 7] 5}
202 gYsto] A{Fuk MBS v sk tH(Table 2).
AT A 218w E A ENL 10~15), A A
o} 7bt: 747k 80MPa, 1200MPa 222)2- 7} A3t} 3|4

w7 v aE 93 Table 3°ﬂ A E SMW-2]
=2 E] 9o T3 Rotor-Nacelle Assembly(RNA) A ¢1-& #] =
o] 4-g-sto] Kzt o] Afeko] XA Z T sAH
2 =EH Hleupd o] Zol= 110molr, ) Zlol= 27
o] 4ufj 2 7Hg5kch

2]
=

o 1 ofd \-E‘ Hy

3.1 34 2d

£ AT 6742 3% B (base spring)& AY37] 15

Sfat A2 A ARG mHle] Bl gl

monopile

\

Applied unit load point

Fig. 3 FE model for base spring calculation

Fig. 301 Lpebul o) 339 $3has2eg o] gagich
A49) 4w lof A w5}l 3 7]ke]
22 o] g3 BARILTE A5 9oL Tl
ol s teshel 27 9] 10, kel o] Pl 2ol 17 o] 4
w2 AAstA ) B3] L T 22 H(reference point) S
A5}, o] o] i-ul] FXH O] g-HH(perimeter) H A5}
coupling =] &2 3}¢ich W&y}l ¥ 2 ekl A A 2L tie
27& Fofsto] A AFsHeR skt 642 7 E
= 271 Slsl ‘Sﬁ?ﬂ‘ﬁoﬂ/ﬂ L5 Tl 67 Ao tgh T
Ca= 5 ol et = A B A
= ?Lﬂi“i‘:k e T l t 6H’H HelS 014& 3f| bas

°ﬂ 61}"

Aew A Agg_sq A= 5}5—1 | W3e Sjvlsi,

1-32 22 Ao 22 A 9 %, y, 2

A 2] 0, 0y, 0,5 2| m]Fht. 7PXHOH g w2230
X

BFEe) A% BUsich A5 02 AU A9l
shel(Zo] 110m) A m ] sfetol 62495 FAao] 1
2| 31, {-Fue sl A o] 4= E Tt

WBB ®5] 4%, 2] ()2} 2] (5)F 0]-§5) P& A bt

Table 4 6x6 stiffness matrix components

i D=1.0m D=2.0m D=5.0m
C::}poz:;t Ground stiffness(MPa) Ground stiffness(MPa) Ground stiffness(MPa)
20 2,000 20,000 20 2,000 20,000 20 2,000 20,000
Ki1, Koo(MN/m) 122.36 3,669.61 17,720.84 210.66 5,813.66 27,207.20 418.20 10,527.46 | 49,086.56
Ks3(MN/m) 95.37 5,713.96 25,458.53 189.04 9,027.36 40,105.00 460.35 16,163.05 74,711.55
Kas, Kss 734.67 2,794.09 | 530573 | 427741 | 12,820.84 | 29,036.88 | 37,531.13 | 102,256.70 | 301,141.60
(MNm/rad)
Kes(MNm/rad) 99.02 2,236.70 7,994.47 737.38 12,966.81 | 47,674.19 9,623.50 | 134,092.10 | 527,792.50
K4o(KNm/m) 230.91 1,327.95 893.62 695.06 2,789.48 462.66 2,640.37 6,336.06 -6,325.43
Ks1(KNm/m) -230.91 -1,327.95 -893.62 -695.06 -2,789.48 -462.66 -2,640.37 -6,336.06 6,325.43
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Table 5 Soil subgrade modulus of WBB model

Parameter Ground stiffness(MPa)
20 2,000 20,000
D10 k(GN/m®) 26.0 2,600.0 260,000.0
=1.0m
kf(MN/m3) 12.1 121.1 12,105.1
k(GN/m®) 13.0 1,300.0 130,000.0
D=2.0m 3
k;(MN/m”) 6.1 60.5 6,052.6
k(GN/m’) 52 520.0 5,200.0
D=5.0m 3
k;(MN/m”) 2.4 242.1 2,421.0

Table 6 First natural frequency of for cantilever beam without soil
stiffness(D=1m, t=3cm)

Flexural Cantilever length(m)
mode 5 10 20 50 100

! Frame | 38.75 9.69 2.42 0.39 0.10
Shell 37.25 9.76 2.47 0.40 0.10
/i ) Frame | 242.82 | 60.71 15.18 243 0.61
(Hz) Shell | 178.99 | 56.02 15.12 2.48 0.62
3 Frame | 679.93 | 169.98 | 42.49 6.80 1.70
Shell | 398.88 | 140.61 | 40.85 6.89 1.74
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Table 7 Comparison with natural frequencies of 3D full model due to soil density effect

E=20MPa E=2,000MPa E=20,000MPa

Flexural mode Soil density(kg/m’) Soil density(kg/m’) Soil density(kg/m’)
1,000 1,500 2,500 1,000 1,500 2,500 1,000 1,500 2,500
1 0.016 0.016 0.016 0.017 0.017 0.017 0.017 0.017 0.017
D=1.0m 2 0.191 0.191 0.191 0.200 0.200 0.200 0.201 0.201 0.201
3 0.522 0.521 0.521 0.567 0.567 0.567 0.571 0.571 0.571
1 0.043 0.043 0.043 0.047 0.047 0.047 0.048 0.048 0.048
Ju D=2.0m 2 0.465 0.465 0.465 0.500 0.500 0.500 0.505 0.505 0.505
(Hz) 3 1.127 1.132 1.133 1.237 1.237 1.237 1.253 1.253 1.253
1 0.150 0.150 0.150 0.174 0.174 0.174 0.179 0.179 0.179
D=5.0m 2 0.903 0.739 0.573 1.514 1.514 1.514 1.551 1.551 1.551
3 1.306 1.215 0.945 3.678 3.679 3.679 3.752 3.752 3.752
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HFH O 5L 51 7 O 3)AF semi-positive definiteness = 21 &+
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-] WBB 5219| 342218 4 Lehul njol o] wiea}
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7ol theh WBB 299} 3344] ka4 mele] Aok 5
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2 ARE SAS s AFs] 28T Zart Qo 53, Auk
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2 AFolMs Hieutd P49 s E A "ol gt
S QA ke A& E = ANk AT A S Y
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o] 78tz QI AR Z3/d Bl AR 55 HEHAI 7] ™ base
spring Y distributed spring R E 2 FE 31-§-Fulp U =3
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I 7}o| base spring 2 distributed spring =2 o] 2]3} 3
AATE AREE 5= QU

PP EEE BEFE R R e
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