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ABSTRACT: Considering the effect of dynamic response amplification, a reliability analysis of an offshore wind turbine support structure under an
earthquake is presented. A reliability analysis based on the dynamic response requires a large amount of time when using not only a level 3 approach
but also level 2 such as a first order reliability method (FORM). Moreover, if a limit state is defined by using the maximum stress at a structural
joint where stress concentration occurs, a three-dimensional element should be used in the finite element analysis. This makes the computational load
much heavier. To deal with this kind of problem, two techniques are suggested in this paper. One is the application of a quasi-static structural analysis
that takes the dynamic amplification effect into account. The other is the use of a stress concentration factor to estimate the maximum local stress.
The proposed reliability analysis is performed using a level 2 FORM and verified using a level 3 simulation approach.
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Table 2 Peak ground accelerations at site

Average return  Excess probability Peak ground
period [year] / period [year] acceleration [g]
50 10 % / 5 0.010
100 10 % / 10 0.030
200 10 % / 20 0.045
500 10 % / 50 0.060
1000 10 % / 100 0.080
2400 10 % / 250 0.110
4800 10 % / 500 0.145

2A)z15kgol disf &t 2 o} A7) FE(MOF, 2005)= 2+ Al
AF7] E AA =7} AAEo] Jom, FxE A o A
| th3k AAF7] 8 AW EE Table 200 AE]atsdt A
174 A HL SR A A X3 BSE] (HeMOSU-1) 9
AXAH o2 7HSIAE Sl A tigk 9= 2 A=E 747
126° 07 ' 4530 7, 35° 27 ' 5517 " o|t}. A:MEEe] FEREE
Sfo] &(Weibull) #25 wher, SHERE] B5E 4 (14)2] A2
F7N( D} AX7EE(K) S BAZRE 7 5= ). Table 22
Aget 2 (155 B IARAES FHsFA b=4.001 <10,
k=036362 255 AT AR e 29857
fe] BFE ol g3t 73 2HEES Fig. 3o ZAISHATH

2 2

=)

K;LT = FA',,il(l*l/jj (14)

KT = b(n (D) * (15)

SZgHAFe] Mol 45 x| Fas, B

——Fitting curve
0.1

B Data obtained in seismic hazard

0.01

0.001

Probability of exceedence

0.0001

0.00001
0 0.05 0.1 0.15 0.2 0.25

PGA (g)

Fig. 3 Estimated probability of exceedence for PGA

TEAl AHEE HUANIEEE 0.025¢9FE  1.00097HA
0.025g3FA 02 F 4070 A3kl or, AEA%19] 75 Seed
o] A8 = 3203], Hachinohe A X3} Ofunato A|X2 Z+Z} 40
3lo] Fx3|Ho] FeiEo] F 4003]9] FERINAS A
S Fall A T4 AZSH AtEE 9l 40719 Ho
A |7 S(PGA, Peak ground acceleration)®l] ot A2 Tz
aAg st o, & 3719 PGAE &3t d& 534
IITHE A SHOE o] AAZFEATE sk
PGA 3o kol aldshs &4 932892 1070, A2 S5
INE o]E T3l 1079 HASFHATE 78 + Atk 25 =
€ PGAol tisll T-xali4S FalshE T 400719 3 23 EAT
£ 7% 7 93, Fig. 4%} Zo] DaggATe] FEEEE F

3% %+ ek

i

3.2 AME|AMsiA
Aol = Level T (FORM) 33} Level T (LHS)
HE Ao, 94 AFE $EHAFTASE HHEdH S
53 252 A=A HZSEATE 33 SEHTE, I
-
N

: 23 g5he /Mg ol &5 FORMo AF&E= A ahele
e Al A A A AT OIS BRE g geisie 4 163 23, LHS) AgEE @R R
3 O =) & sNcr =)o 2157%:‘10}9_3 = R | ) 4 ) <] T -Elv\__
FLAsE, et AT RS IS R A EEE2 ) sk a9 sleglol daeslsl ond 2ee
571 54 AR Hachlnoheﬂ 1% 257] 54 A REE American Institute of Steel Construction(AISC)ellA&
Ofunato Z];ﬂ/ 1‘1]:17— 7]';(3% }gxl O:]])(\)]— Z]Q_:I'Q] Z]E'_}_‘&Zjoﬂ ‘]'T'L ?{-7&‘3}1 0}0 =k=4 A]‘XE,]Q 213MPa$ gf]g}:lﬂ}_g,]g] *51].9_.%.?3:] [SR=4
- _ - _ B R A T = [e) T —
F=E A AFAFE o83t 57 Fx3| AHE3HA Aolsla] A = sgg].gaﬂr(AISC 1989)
. -3 = - T2 v g .
ot} DI gPAFe FEEX UE] AP FAHS HEAE
FES o] AIZASHAGTTE ATHER JAFAZ B A 3 )
]4_9/] %I:HX] %7}411:5—0“ EHSH 87H‘Q] Seed__EE_ $ /\3/‘6]‘5‘]_93\’[4_ g(X) = Rallnumbls’ 7RnRstafir(K}-17 ,Y(:lag/’ Ysand> ¢ ' Cy )SCF (16)
fRn A

N

8

=

Q

= )

2

S~

Rpeak Ry

Rstatic

Fig. 4 Peak response factor



Seismic Reliability Analysis of Offshore Wind Turbine Jacket Structure Using Stress Limit State 265

009 = Bpte = By UG T 8- 6,)SCF 17)  E91E lold A% B fke 2L 4
& gtk webd etz SERTE 49 sae A4
321 844 9 FSEY & = Qe Beta BEE ARSI O, S8k 307, ke 40°
M FUE 4/EH TN ANE Ba) wagaAss  F IEAET
= ITE

Atk SRelE 38 AAE AMgstHon, gEREE Level I A= AafiAell AHg-H 2t SEHFES]
FA4% A7 3-E4 efo|E(3-Parameter Weibull) 3ol 7} & Table 39 Yepiich & <

AT Y BER T mas fA Tl 025, Aer T8 °F 309 HAEG AREA ] FEHES A3
S 00962, AN ESE 030052 ANFUCE AukEge] gz THE oF 4 AR wA RS 2RSS 4TS AF
o thal M3 ATSHE AFEEES AHL3$THYoon et al, Level T HH(LHS)ol= &4 Fx384o] AHHoR A-857]
2013; Yoon et al,, 2014). 12t} A4 14 A AukeAe] w1 Wl AISHATE FEUFE HAEIA S, 80099
e} e =o A AFRIS ALE Hu 0 == o AEC U FHeHe] GELEE FAHS] SHe dE @
7h U TFsAel goms B dTdat tegtiEEg A 2 RS AEES s

3Tk AHHEZ ] py 34 2H-ol AMEEE 27| ATE

A% 2HAF(Curve fitting) S 313, oS 3] Ujin} 322 APy A%
Azt 27| A e A4 S BAS Hodto wa Aakg Level I 2124331 4(LHS)& 3§ A} 412 =24+ 3.0327
T} uhek AP AEA Al YHolRzto] 2 WEAL weltkd 2 FRFEeH, $83AS Fig 59 EAEIIH 9 2-3EAS
URopzzl M= oF 29°RE] 40°7HA] BaFHe] gorz g E FEHUSTE HFSt] TS Level I 41=]43814(FORM) <]

Table 3 Characteristics of random variables

Random variables Probability distribution Characteristic value
Coefficient of earthquake (A),) weibull k=0.3636, b=1.6004 x 10~ *
Peak response factor (Z&,) 3-parameters weibull k=0.2572, 5=0.0962, 1.=0.3005
Specific weight of clay (v,,,) Log-normal A=2.8511, ¢=0.1492
Specific weight of sand (v,,,,) Log-normal A=2.8792, ¢=0.1492
Internal friction angle (¢) beta ¢=r=1.5825
Undrained shear strength (c,) Log-normal A=2.0467, ¢=0.2558
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Fig. 5 Reliability index (LHS) Fig. 6 Reliability index (FORM)

Table 4 MPFPs and sensitivity factors

Random variables PRF as variable

MPEPs Sensitivity factors
Coefficient of earthquake (X)) 01521 g - 0.8171
Peak response factor (Z7,) 0.8032 - 0.5763
Specific weight of clay () 17.4406 kKN/m’ -6.5781 x 10°
Specific weight of sand (v,) 17.9126 kN/m® -4.3604 x 10°
Internal friction angle (¢) 34.9999° 4.3718 x 10°
Undrained shear strength (c) 7.6609 kPa 1.3257 x 102
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Table 5 Reliability index & Computational time

LHS-based MCS

FORM (PRF as variable)

Reliability index 3.0327

Computational time 5d16h5 mb5s
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A EA P 312692 UERR, FHIA S Fig. 60 TS
ot Table 49l= 2+ &E&W —}F%«] =013 {3 (MPFP, Most
probable failure point)@ YIZFE Al5(Sensitivity factors)E Ut
ERfiglon, 4ol A8 PCo] HH = OS Windows 7 64bit,
CPU quad core(3.4GHz)°]t}. Table 59l Level <} Level I
AZdsA A 9 2 el A AIRES YERHSITH

323 AN A B2 SFAT 9T

2 ATl A AbgE WH(Case 1) HH-SHIE AMESHE
7129 AZAsA W (Case 2)9] AFHE Bluskr] s A2
S5 76k AgHME FAEATE A2 3BATE ALt
02 GEWHTEL Table 37 22 #h& AHEsIHA, HE Al
E|EAE Fig. 79 EAISHATE Table 69 Case 29| &3}t

[

2.55

N
S N
w w

Reliability index (B)
>

2.35

|
|
1 1 |
2'30 1 2 3 4 5
Number of iteration
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Table 6 MPFPs and sensitivity factors (Case 2)
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PRF as variable

Random variables

MPFPs Sensitivity factors
Coefficient of earthquake (X, ) 01174 g - 0.9997
Specific weight of clay (,) 17.4465 KN/m’ -1.1030 x 107
Specific weight of sand (v,) 17.9126 kN/m’ -6.9613 x 10°
Internal friction angle (¢) 34.9999° 7.4976 x 10°
Undrained shear strength (c) 7.6416 kPa 21874 x 10

Table 7 Reliability index

Case 1 (PRF as variable)

Case 2 (PRF as constant)

Reliability index

3.1269

2.3474
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