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in 5SMW Class Offshore Wind Turbine

Woo Seok Kiml, Yuseok Jeongl, Kidu Kimz, Kyeong Jin Kim’ and Jae Ha Lee™

]Depar[men[ of Civil Engineering, Chungnam National University, Daejeon, 34134, Korea
ZDepartment of Civil and Environmental System Engineering, Seoul, 05029, Korea
‘?Department of Civil and Environmental Engineering, Busan, 49112, Korea
/IDepar[ment of Civil Engineering, Busan, 49112, Korea

Abstract

Recently, Wind-turbine electronic generator become popular. Wind-Turbine is free to cost for purchase and noise problem. For this
reason, trend is shifting from Wind-turbine on land to offshore. Research and Development for offshore Wind-turbine has been
conducted by various research institution. However, There is no solid design code for offshore Wind-turbine even in domestic as
well as foreign. In this paper, conduct seismic analysis and compare results using design codes Korea Bridge Design Codes, Korea
Harbor and Marina Design Codes, and DNV OS. Time-History analysis conducted for checking time dependent effect. The

Added-Mass Method applied to consider water-structure effects and compared for w/ water and w/o water condition.
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(a) Gravity (b) Jacket (C.) .M-oflo.—p.il;e (d) Tripod
Fig. 1 Foundation type for wind turbine (Vries, 2007)
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Fig. 3 Multi-pile concrete foundation dimension
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Table 1 Concrete property

for 40MPa
Modulus of elasticity 30GPa
Poisson’s ratio 0.18
Density 2.500kg/m®

Table 2 Steel property

Steel species SM490
Modulus of elasticity 210GPa
Poisson’s ratio 0.3
Density 8,500kg/m?

B alMolx] AL EZAYE AA7|Z9F A7) (steel
shaft) QA¥+= Fig. 39 Ueht 3l ol& nige
S itk mdle] AAAQl A 74 aal] WS
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[ Turbine Weight

Steel Shaft

Composite
Section

Concrete
Foundation

(a) Isotropic view (b) Side view

Fig. 4 Numerical model of MCF
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Table 3 Steel shaft diameter and thickness variation

Height (m) Beginning point (i) End point (j)

i j Diameter | Thickness | Diameter | Thickness
(start) | (end) (m) (m) (m) (m)

0 1 5.600 0.032 5.577 0.032

1 12 5.577 0.032 5.318 0.030

12 22 5.318 0.030 5.082 0.028

22 34 5.082 0.028 4.800 0.024

34 44 4.800 0.024 4.550 0.022

44 54 4.550 0.022 4.329 0.020

54 63 4.329 0.020 4.118 0.030

63 68 4.118 0.030 4.000 0.030
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glo] F7lelE A% (added-mass) S T317] A3 kA<l
2 (3)& (4)& AT

AM i\ = Py (wD*/4) p,,, (H,D) (3)

Py, (H,D) =[0.01331In () —0.112]In (D) +0.0002 H+0.4

(4)
A7IM, Amy,: G20l T F7HEFELE 715 @5

p(‘nn: %E‘E]Eq ‘:'E]E
pm.(HD): Added-mass ratio function
4] (m)

D: E"ﬂ A7 98 7159 AE(m)

_@

2 AFdM e SHIERA AZtolH|A
sl |4 272 A (eigenvalue) S T3 &
227 Aopd 7S 183 aadsee 242 1eA|
e nflEre Aole wig Atk FxREC ML
0.05% #Formg u7ka] Alxelog wesia vz A
g3t e] w=d 2 (mode shape), i F7]1(Natural

period) & Tot7] $13 534 4 (5)9F 2ot

(Klg,, = wi (Mg, (5)

494 - AGA - AT - DB - ol Al

Beam Model< AH8-38te] &9 938 nefgt 2dz} &9
Js FAIS 2dlo tiale] = 5

Table 4 Eigenvalue analysis results for MCF without water

Beam model w/o water

Mode No Frequency Period
' (rad/sec) (cycle/sec) (sec)
1 2.57982 0.41059 2.43551
2 2.57982 0.41059 2.43551
3 27.79241 4.42330 0.22608
4 27.79241 4.42330 0.22608
5 52.01851 8.27900 0.12079
6 75.78626 12.06176 0.08291
7 75.78628 12.06176 0.08291
8 91.00756 14.48430 0.06904
9 131.68834 20.95885 0.04771
10 131.68856 20.95889 0.04771
11 182.99899 29.12519 0.03434
12 182.99945 29.12527 0.03433
13 208.38776 33.16594 0.03015
14 238.65918 37.98379 0.02633
15 256.00797 40.74493 0.02454
16 256.00838 40.74500 0.02454
17 339.45864 54.02652 0.01851
18 345.80165 55.03604 0.01817
19 345.80239 55.03616 0.01817
20 408.33739 64.98891 0.01539

Table 5 Eigenvalue analysis results for MCF with water

Beam model w/ water
Frequency Period
Mode No. (rad/sec) (cycle/sec) (sec)

1 2.57982 0.41059 2.43552
2 2.57982 0.41059 2.43552
3 27.78100 4.42148 0.22617
4 27.78101 4.42148 0.22617
5 52.01472 8.27840 0.12080
6 75.31656 11.98700 0.08342
7 75.31659 11.98701 0.08342
8 91.00756 14.48430 0.06904
9 126.65371 20.15756 0.04961
10 126.65398 20.15761 0.04961
11 176.01581 28.01379 0.03570
12 176.01622 28.01385 0.03570
13 208.38776 33.16594 0.03015
14 236.88759 37.70183 0.02652
15 252.13905 40.12918 0.02492
16 252.13946 40.12924 0.02492
17 339.45864 54.02652 0.01851
18 340.39561 54.17564 0.01846
19 340.39674 54.17582 0.01846
20 384.83589 61.24853 0.01633
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AAZIEAA SR ER S A 8ste e ve
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Step 3.
Step 4. A
Step 5.

Step 6. 2t Aol W AAAN ISR 345 2 et

Table 6 Design code comparison

KPMDC KBDC DNV OS
Seismic zone factor 0.11 0.11 0.11
Risk factor 1.00 1.00 -
Seismic rate a a -
Soil factor 0.23 2.0 E/F
Maximum respopse 055 0.275 0.25
spectrum acceleration(g)
Direction (.>f ground X Y. 7 XY X Y. 7
motion

AAZIE vl 23 it g g AAZE(KPMDC) <
AASHAAER ] HuU7EEie] =2 AA71F(KBDC)
of H|gle] wl¢ ZA AMENCH EI] F7] lsec °©ld}

@7] GGolA Fut I ofg} AAVIEY] &R F bl
7R Zpel7t HAYsI tH(Table 6, Fig. 5).

: ; * KPMDC
! I SO SO il emmt KBDC
' : : i |----+ DNV OS

Normalized Acceleralion, g (9=9.806 mlﬁ:

3 z
Peried, T (set)

Fig. 5 Design response spectrum curve

Ty AZlskee Wlwsl E¥(Table 7), DNV OS7}

sAEY M AAT A WEFEE BF ek W,

Table 7 Seismic load scaling factors for design codes

Design Code Directional Scaling Factor

X-dir Y-dir Z-dir
KPMDC 1.0 0 0.666
0 1.0 0.666
X=dir Y-dir Z-dir

KBDC 1.0 0.3 0

0.3 1.0 0
DNV 0S X-dir Y-dir Z-dir
1.0 1.0 0.5




71

gut @ o3 HAAVZY T2y AAVEEED AAVE
o
=

8.4.4) =3 H=xo 4§ ool stexdel F W

3.3 SHEHER 4 A

E< 183 Beam model, & 1A %2 Beam
model, 2709 RS vHEo] 9o 7]&d WEow RdS
e 3 A9E v waltH(Tables 8, 9, Fig. 6). Beam
< 1% wdz B& usH &2 mds
B2 1eg BddA g¥gko] A A}
& g =] 1.1%°] zel2 ofnlgl=
A5 HolA= &ttt W9E 55 18 Bl s
= LT RS A7k A e
FEE A4 G4 FolA B AAYE Fio] Bx] ge
A, Bl Aol wf AX (A FEREAA ERle] AA]eke

FH) 51%) HWIAT] ofd gt AujH oz 2-g3l7]
o oAt
AR Aol ok ZAE 7| 2Ho o Wl
Fdf 12.03MPa® 22 E 539 tH] 30% = et
A 24 WH9E 240mmE EE2w AAV|E 2.5.2.604
AAshe HAdRY ZlECiEdE 725, 1,/300) 280mm
ol Z wAstE o2 Rkt

Table 8 Responses of MCF without water using
response spectrum method

Design codes KPMDC | KBDC | DNV OS
Stress Magnitude 12.03 10.74 7.15
(Mpa) Location Composite section
Displacement | Magnitude 240 230 165

(mm), DX Location Tower-head

Table 9 Responses of MCF with water using response
spectrum method

Design codes KPMDC | KBDC | DNV OS
Stress Magnitude 11.89 10.57 7.03
(Mpa) Location Composite section
Displacement | Magnitude 240 230 165

(mm), DX Location Tower-head

Displacement (mm), DX
o}
3

KPMDC KBDC DNV KkPMDC KBDC DNV

(b) Stress
Fig. 6 Response spectrum analysis results

(a) Displacement
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| _fiwiqi(o) +qi(0)
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1 ¢ - -
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Fig. 7 Normalized acceleration for time-history analysis
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C 00 20
Time (sec)

(a) El-Centro earthquake acceleration

DX (mm)

E) a0 700 0
Time (sec)

(b) MCF model without water

DX (mm)

@ T E)
Time (sec)

(¢) MCF model with water
Fi

g. 8 Tower head displacements by time-History
analysis

Table 10 Time-History analysis results

. . MCF Model MCF Model
Time-history method
(w/o water) (/w water)
Stress Magnitude 8.98 9.20
(Mpa) Location Composite section(connection)
Displacement| Magnitude 86.79 |  86.79
(mm), DX Location Tower Head
300 B w/o water, 14.00 Hw/o water,
Twme—Hlsto’rv Time-H\stu’ry
250 Bw/ water, 12.00 Bw/ water,
% Time-Histor Time-Histo
%zoo v ?10,00 oy
£ < 800
£150 =
£ $ 6.00
£ 100 &
2 4.00
o
[ 0.00

(a) Max Displacement (b) Max Stress

Fig. 9 Maximum responses of time-history analysis
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