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£ =FdA s 10MWE 12 sidEeddrld 245 253 AR A F2 shukl Hoje= A AEH
(Fairlead Chain Stopper, FCS)e] 7-% 44| ¢Had-& gHshr] 23l oheket A4 siX 7S 843 §584 7=
A B4& vlm #4881t FCSO) 2 & ¥4l T AR Tk B8-S e dE B4E AAEHe
o, o] FCSY] 72 A HAofA Ao & Qle BEFAAY 247 AU FEEA A% = He 148 3
£ -$9& 723 FCSY] & A= 45 ALt A1 sl 718 12 A=) silA] WP (First Order Reliability
Method, FORM), 22} A1 %4 4] ¥} (Second Order Reliability Method, SORM), Bzt A=A 814] 9H (Mean
Value Reliability Method, MVRM), 12|31 4]-8- T8 %= A% 'H(Adaptive Importance Sampling Method, AISM)
& A 4510 AT G5 A s v 83 T FEEF A 35S vlusislt). FCse) FEEF & Al 7}
2 A A2 dA 71ES 23] A3l 2EHFEE Al BElo]H(Monte Carlo Simulation, MCS) 2 79} ¥| W&
T8, AISMe| 71 el Fo) 1 B8R S Hole 2o I

Abstract — In this study, the probabilistic structural design characteristics of the Fairlead Chain Stopper (FCS)—a
detachable mooring apparatus applied to a 10 MW-class floating offshore wind turbine—were comparatively ana-
lyzed using various reliability analysis methods to ensure structural design safety. The thicknesses of the FCS's pri-
mary structural members were defined as random variables to reflect uncertainties due to manufacturing tolerances,
which represent uncontrollable factors in the structural design process. Probabilistic performance functions were for-
mulated based on the structural strength performances of the FCS, considering allowable stress criteria specified by
classification society rules. To evaluate the probabilistic design performance in terms of reliability probability and
computational cost, four reliability analysis methods were applied: the First Order Reliability Method (FORM), the
Second Order Reliability Method (SORM), the Mean Value Reliability Method (MVRM), and the Adaptive Impor-
tance Sampling Method (AISM). In order to identify the most appropriate reliability analysis method for the probabi-
listic structural design of the FCS, the results of each method were compared against those of Monte Carlo Simulation
(MCS). Among the methods considered, AISM was found to provide the most rational and efficient performance.

Keywords: Detachable mooring apparatus('2- 52} 7| 57 7)), Fairlead chain stopper(3] ©] 2] = #|Q1 2~ E 1), Floating
offshore wind turbine(*+++2] &9 24 7)), Reliability analysis(2] 2|43 3|4), Probabilistic structural design(Z&
23 3= 4A)
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T AF-e] 232 g 71F a3l Yo E T 3
AN} 2L I3 ek Ao A7) B=7t AR SIFEel
uleh, $-42] sPdEE 230 7RI - e iR S8 9 T
Z B9 98 =3 A AR T ). o)2F S5 kS F W
3lof] d-&3517] AsiME A3 RAIRS v 23 87 A5
o] 7ts3 N2 Fej] 222 AR Al2" Ade] e skt

£ deld e 10MWHE F-7-4 sidEedar] S sHoje]
T ARl ~E(Fairlead Chain Stopper, FCS)E 7|& #-72] 8%
FZEE 237 AT ZA o vlE] 9= A&4ska kg 2R
715& AFSES ZASENT, F-72] T 2|9 84X 4
A BPE Bk B80T FYSH= AL FE=E 3} FCSS)
2L 23 AR AR NEA] A 713N o7 T2 3
E A% 71EE U5l sk, Bl & AR skl dissb)
S8 3% 5= 737} Aol nidE]ofof 3}, wlekd A F
Z o]l ozt dio]E)7} EAHA] k= MEF- FEl2] v FCse)
TFRIREE A dAlA F2IAR] <202 AR Sleirie
22 L o83 FEERH T A Hrpt Besit

52 sEe 2379 AR 9 T Bs g2y
AAE % A=A Y AT AH o FeEo] o3 Qi)
1SMW 3% e Belol=9] A=A B4L 8 #Al-+
ZA334 71t 3FAE AlEHe| A1} 283 Kriging RS
A 284 WE] AAE L, Kriging REE A2
J3A& A FAsHs 2R of 4000) WLE o F £EF R3T,
Kriging 7NE-E2EI7FEE AlEEC)A 7EE B3 B8 0 E A3
4 A4 9 33 FES ATE 5 A5E 2 H(Keprate ef al.
[2023]). BAF Kriging WE}R DS 7dste] wid2] s dEY
TZE AF ALE AFE BYo g BEEANE AR oz
CFE 07, OpenFAST AlE#H oA 719 Al 28 Aol F+
IS 7oz % Wd 4 HES EHIlEE Aol =
U9 =el T AlF A28 A B71E s8I cH(Kumar
et al.[2025]). thE) 23} C-vine Copula® &-8-351] Wd a2}
& S5l 7] LAY 92 AE B35
o, ZH7IEE AlEdelA S B3 Bl AR E AF[H,
fiet AEFGOE A% BNl F= A=Y FRf fFe3
g v)E 5 L2 AHF 02 HIKIGTHZhao et al[2024]).
A} gojy] rfAES] X% W P A% Al tist 24 AFx
715 9130 Sobol 74 71Nt E-529] MEHS F L5k, AP
delEE 84351 el 3 71X 7N I3 EY RS 75
3l 1Y 2Y AP} 7Fs e S18H3TH Song[2025]). AFE
AF71E oz F2] EFAYE vgde 7 X2 §E ¥
318 eI A A4 QTS F8 A3 B =
7} 71 & A8 A 7S |4 3% tHSong[2020]). +F
A& 5 7 B2 We 3 E Zeo|Ed i) vBEER
2213 s 9 A4 HFH3E S-S, EFASE T E o

A AFE T3 BR8] HA3 Gy F o= WA oE T
Z NS A FTH(Lee and Park[2023]).

£ =RdME 10MWE 772 sidEedarld HeEs 2
12 AF A= F2 Rl Fese 7= A QrEAdE A @A
A grsh= AL SE2 sl OFst A Sl 7S 88
B2 7= 2 B v T BN, AR Sl AE
4% st FCSS) SEEF & AAlH AEs A= sy
718E& &5t sk A1 Sl ol PSSl 2
TE A A Ax 321 B8-S 193 9 ¥ (Random
variable)Z A 3I3rt. FCSS] 72 A= A6 & 45 &
(Probabilistic performance function)ys- 7|4to 2 H7}5l59t} +3
7= 45 B2t $13l #13-24304 (Finite Element Analysis, FEA)S-
g831%10m, DNV A7 7153 4] Ze 220E vedste] 24
315 2218 A% 5, 7 &5 222 AR A 98 )
Fo2 ¥4 33519t} FCSe) FEEF T AAlH 71 4
3 A543 a4 7S 2] 93 12 A=A S Y (Finst
Order Reliability Method, FORM), 22} 2124 3|4] ¥4 (Second
Order Reliability Method, SORM), 343k A=A a4 #H (Mean
Value Reliability Method, MVRM), 78]1 &-¢ £9% WEZH |t
1 (Adaptive Importance Sampling Method, AISM)&- Z}7} 2 45}
Rt Zk2ke) 2= B4 7ol A2 Fese & 2= Aol
ik 23] &F, 74 34 Al 8 B 55 2HVEE Al
E¢|©]d (Monte Carlo Simulation, MCS) 71%k] 57} A 3}e} H)
1 #A43lo] FCSS] §EEF 7= Al 718 A7t A= &)
A 718 2R8I 5 MCS 31X 29E Sa S8 99
A5 dlofE] ] AL B3-S €831, §E s 85l dig -
0] AT BN B =59 FALS o3 g 2%
o f= FORM, SORM, MVRM, AISM, MCS 2] 0|24 uj3e 7t
2] Falsiglon, 3ol = FEA 718k FCS9) 32725 Als ¥
71 4 FZAE el digh A8y A0 vln g oF
Kt rEA ke 2 AR A7 T2 Ul8-& 2ok sl

2. M2|d siAM2] O] EX i &

A4 s 71NgE g3 72 A= 7)A Bug 7=
£0] AA & #AeN AT = e ks S 19
3, A= 9 2L §E 45 T SE AR 75 9
W FEE USI=AE H7FE 4 e Pielt ol A
e e SE A T AN B3390 g AEgeE Q1
3 Axk 57 BAIE sk A3, o] Fee) A=Y 8 %
7t 78] ARkE o] 857 it # AT 23 = FCS9
BEE4 7= 24 Al 8% FORM, SORM, MVRM, AISM
2 MCSe} 22 A=A 4] 79 o4 wia-& 78] Aelst
Rt

FORM<- Fig. 1°] =A1E v} o], 5 Ay &F #3X9 &
4E& B83] EF A U (U-space)?] AF =7 H A
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Major contribution to
— failure probability from
this area

Limit state surface
G(X)=0

Fig. 1. Concept of FORM and SORM.

€] 3 (Limit state surface) 3] g A A7HA2] Hd A& 71&
o7 A4 &858 FoJsh= 7ol

FORMeIA 18] A4=By= AE Wsee] oist 57} Al 2108
WSS 4 AE BAshs v A9 22 A3 BAEN
E] A7 ¥ ch(Nowak and Collins[2012]).

f = min|U]
s.LGX) = GT™ (V) = GU) = 0 1)

2] (1PIA s.t(subject toye= H2)3} 2A|2) AlfE1E o), A
2 G A Al F4-(Limit state function)?’} 0°]%+= A
A, & 311 ZAA(Limit state surfaceydell 3ok S HAIFH
o} o, 7= ¥Rl WG IS MTE EF At ¥
I F7H V)R] ¥R sk E5F YEhiH, o B3l v1A
I BEE 2= AA B ool digk §A A B G)E
F A A vl Uig B GOE 8@ A FwT
dl= o] 7Fs £ Most probable failure point, MPP)2. 2 &
g, o] & U*E 7|3t} ek 3] A ¥ Gupt A #
IE w=E= #9 A vol disl 43 $AE 709, g =
ZdeflX 9] st2] 85 (Probability of failure) pi= Th3} 22 4] 2
E AN 7 Qo

pr=o(=h) 2

714 o EF F7F £ ¥4 (Standard normal distribution
function)S 2Ju|3ic}, X3 FORMS S-83 A=A 34 d3o
A= MPP A ellA A el B2 vl Ado] 34 &
o BAEl= Zlog daA Q)

SORME &85 2121 siXdE Fig. 1] YERA nle} o], MPP
A7gellA A e 522 ujxEAde] E Aol HEdh= 3lo]
Zgslth. SORMOIA Y] 1] S5 tha3 go] FARFCE A
AHEth(Breitung[ 1984]).

pr=O(P)],. J(1+Bk) 3

A7IM k= MPP A ollA] A 23| &<2] =& (Principal
curvatureyS SJR[3H, ol W Wel] oist A Al ] 2

2t vli-g B3 Alkech

MVRM ©|9e] F<= A7l(Taylor series expansion, TSE)S &
2351 3 e B Gl e (poT EFBAHo)E A
o2 Fsh= 7gelt. o] WrgelA= TSES] A8 2o we} Al
A s ] FE=rt ekt MVRMeIA 9] 413 A=
o] 218 53 AXFEIthKoch et al[2004]).

_Ke

pe O

2] (@)l T3t 212] A 2] (2] tiEe 2 ) FES Al
A¥et 2 ik, B AT 23} v|D ] 35 A7 (Second-order
TSEYZ A431900, &8 A% 35 rol g 23} TSE= o3
1} ol g}

. 9Y, .1, r0Y

Y(x) = y+ 5 Ax+5Ax an 5)

2 (5)8 8319 BE A% ¥ FFY 2FExE 08
o] AXke 5= gk

1d%Y ;
Hy = Y(p) +5——50%,
¥ . 2dxf X,

n (3 2 1nn 62}" 2
o BE e B e o

AISME Fig. 20| viehd uts} o], gh] o9& 958 ol %
3t 2} g3k o 2 ZAFsle] EJ o (Lee and Park[2023]). ©]
e H 99 o X¥e AE 585 ke T8 3
o] WEEZ o 2 FYAIEH, o|F Fall 2 g L= ZAL
gejo) HAH o2 Pdlo|EPT),

MCSE £ 215 4-F(confidence level Pl H7I5t314} 3=
22 F E= 0 g8 g RS AE 7L grg 39,
W BFE Qs Bk FF e ] E8EAE Al
7HRA AREE & e A4 sl 7o)tk MCs 71k A=A
Aee §F A5 &5 YIS & ME AlEY, 018 §
3 Fd ¥, 24 of, 4 &F p, TS T 2o] 78 F 3ok

Failure Region G(U)>0
Actual Failure Surface G{U)=0
Initial approximation of failure surface

Gy 'j— Initial sampling region

Safe Region 3 Approximation of failure surface
G0 / atiteration i

Most Probable- '\{_ “— Sampling region at iteration
Point(MPPy) \5/—

\® ~ Final approximation of failure surface

Fig. 2. Concept of AISM.
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(Siddall[1983]).
v=1s
= &l 2 ly: (7)

py=Fg=0= g(x)scer(x)dx
where X =(X;, X,, ..., X,) and x=(x;, X, ..., X,)

A 7 T B pe 9ok 2ol A WS X A
S8 U R(60) A e B g7t T 9 (e <0)
of thel AR ko= Bl ol P, <0k WA A} B4
ot A 2 B8, 3 PE BT A50) 3§ 1R Bset
2 B k) ool A9E B8 ouisic 39 8F p A
A 8 (indicator function) I8 S8310] THa 3} o] EaAP %
Q1.

1ifg(x)<0
0 otherwise

pr= [T IS x)dx where I(x) = { ®)

3 5L AA) 0] Bk ol g3le] TR} o) EFTL)
e T . _N
p=T@ =y i) =y ©

714 Nz g< 021 Z3-9-ol tist SR o)L, A= eHEQ
RE T3 o] R
N-N,

R=P>0=1-p=—~ (10)

93 52 3 X 34 (Cumulative distribution function,
CDF) Fy(y)$} &8 4% &< (Probability density function, PDF)
fHE 8319 taT) 2ol Axtdd.

N
Fyy) = PE<y) = 5 Y I'02) an
i=1
where I(x) = {1 ifg(x)<y
0 otherwise
F0) = IR0

2] (11ell AXE AAH, PDF= CDFE vlEsle] 7+ < qlot,
3 FCS FEUE HSEIHR MY oiA

3.1 A=Ux HMsTI}

E a7 OF FCSe= 74 gtz 24X 38
29 5 2 AF A A AHEE 238 AF AXE, AFA
I 544 ERF 1) A4 4 SAE Bk g 8F 0% Y 5

Z AA . FCSE dFE RAIR 7} Q7S AU 718 4

1200

Part 8 : Arm pin
plate(DH36)
Part 5 : Upper chain stopper

Part 3 : Chain stopper(SCM440)

Part 19 : Flange bushing
(OILESS 500-ABR)

2000
T00 800S00

= — A = Jel p
_.Ii N b oo - T t‘ - =
| {Eﬂt _ t %:_ {5

Weight : Approx, 35 Ton
(a) Main dimension

Part 9 : Arm pin{SCM440)

Part 7 : Wall plate(DH36)
Part 6 : Hydraulic cylinder
support(DH36)
Part 4 : Upper chain
stopper{DH36)
Part 1 : Guide plate(DH36)

block(DH36)

Part 2 : Main chain stopper
block(A694 F70)

(b) Arm components

Part 18 : Top plate{ A694F70)
Part 14 : Housing wall plate(DH36)
Part 10 : 5 Pocket chain
wheel(A148)
Part 11 : Chain wheel pin
{(SCM440)
Part 12 : Chain wheel
bushing (OILESS 500-ABR)
Part 13 : Arm pin bushing

- (OTLESS 500-ABR)
Part 15 : Arm pin bearing plate(A694F70)

Part 17 : Base plate(A694F70)

(c) Housing components

Fig. 4. Overall design configuration of FCS.
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o) TS o Al SAES &3 2 € o)L 7Hsshl
3h= 71554 oS Algict. Fese] 4] AEl= Fig. 39l FCSe] +
Z 7L Fig. 49 42 =481

Fig. 3°] YER} 1= 24", FCS7H AR e tide 10MWH
54 spdEedarleld, sk 7282 9] ¥4 ERXF
02 o]Fj7) WBr2] T2 (Semi-submersible Floating Offshore
Wind Turbine, SFOWT)ZE 7-4%]°] Sit}. FCSE= a4 $lofl ¢
23 Al QY A@= o] gloH, AFA A= Hividst
Z(Minimum Breaking Load, MBL) FZAME %3 QFAA&
FAE 5 AEE A=A

Fig. 4°] YeR} Q)= 2147, FCS= arm™} housinge|2H= F 7}
A S 744 4% o]Fo|A 3Jrt. 5(Five) pocket chain wheebe
AR AQle] A=) 2 s Al Al 7Y HEE FEshs 98
819, arm A|Q12] A AR E g Aol ALHE &S
chain stoppers F3 A FZEZ FLsH A= 715 S
8%}, chain stoppers} upper chain stopper= A1) &8, A
2 9 ¥ el 2K 2 A3 A5, housinge
FCS AAE FFA2 P T2 AxstA 2gsH= AAA o
&2 3}, =51, hydraulic cylinder support= upper chain Stopper
o] ZF-& Aetshe At AXE BASkE 3ler, ol 2 ¥
F5& EF Pin A S T3 45 445 34 FFel 7t
SIHEF AAIEAT

FCS} 22 AF AXE 24 A5 7] S8 gl 73
3 AR SN 7= Jee] A 8 208 USRS
REEA] AESof S}, 3L, AA 8 A A 5 Qe ¢l =
7 51 85 QA 7= 35 Bl TEE| ook dit. B AT
Ae ot 723 S B7IsP] A% 24 ks £230& DNV
A5 71 (DNV[2024]; DNV[2021a]; DNV[2021b])°l we} 274
313t FCSE SFOWT S Zel A3 X =& FE007] iz,

Fd 71€9 FEAdAM Y AA ZHE H9(Design Working
Range, DWR)$} =2 |41 2] A 19]Zk(Design Inlet Angle,
DIA) doF T35 A T A5 780l Fg MY el 4
Z=]ojof 3tct. DWRF DIAS] A4 W) Fig 5l =48 o=
AABFRACE

4% W3] DWRE (0°2 2R5.eH, 3 4&9] DIAE
10°8} tEo] F33lks A2 FIAER2023])00A ATl Hoh
Qo] WA 29°8 710 2 A8t o=t ke FCSS
2% 71 A F2 8 0= G4t ARz FCs)
chain stopperll & €5 = A7 852 DNV 1 3(DNV[2024];
DNV[2021a]; DNV[2021b])°]l w2} MBLE 71522 A= ojof
3t £ ATl 10MWHE 73] sidEedar)e A

Table 1. Design load conditions

- F8E

Fig. 5. Load application angles (DNV[2024]).

147 mm 33 2] AHEIA AQAE Ao, P AU
MBL2 21,179 KNS 2 ERIF|SIc}. ¥, Q] Aol A= SFOWTe]|
AEE FCSt A0S 23 LA 5o, o] upper stoppers} chain
wheell] Z-83h= 8152 TH5IE AT E EUIE 3434 KNOE At
SHATHIAE[2023]). ¥ ATollH 7 s F71E Hs8i 283
AA 24 315 7L Table 19 T FEs

Table 18] 8-S vlgo g B Ao FCSY) 7+ A% ¥
7V f8 F Al 7 oF 28 F883len, ol 47 Le,
LC2, LC3Z FE319t} o] F LC13 LC2:= Al Aol 72
] S AR Y3t 2702 HAEFOH, LC3E <
&84 FCse] 7= 84S B7IeP| Hsl ALE st golth

FCSS FEA %7l AltairAl2] HyperWorks 4T E 0]
(AEI2021])F ARS8l AAe] 2 F32] S LT3 T35
Act. Fig. 60 A€ nfe} o], +5% FEA EE2 84 7]

Housing Wall Plate THK.

Top Plate THK.
[x, : 80 mm]

[xs: 104 mm

L B rm Pin Plate THK.
|x; : 100 mm]

Wall Plate THK.
|x; : 80 mm]

Base Plate THK.
|x; : 104 mm]

l:l Guide Plate THK.
[ . J5 2 30 mm]

:":‘rs- x

Fig. 6. FEA model of FCS.

# of load case DWR [°] DIA [°] Force [kN] Operation condition
LC1 0 10 21,179 _—
LC2 0 29 21,179
LC3 0 46 3,434 Towing
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Table 2. Material property

177

Material Name Density [Ton/mm’] Elastic modulus [MPa] Poisson’s ratio Yield Stress [MPa]
A694F 70 (A694) 7.85E-09 209,000 03 485
DH36 (DH) 7.85E-09 209,000 0.3 310
SCM440 (SCM) 7.85E-09 209,000 0.3 834
Al48 7.85E-09 209,000 0.3 585
OILESS 500-ABR (ABR) 74E-09 126,000 0.3 617

25 mmE 7|02 FAENCH, F 49647270] 8.4-9] 384,305
M) BAH O o]FojFr). FEAS] BT IYeM= Shell 24
9} Solid 24F EF8I Fgsl5lon, FF 3+ HFHo] TAs=
Aol AF 238 F951%0t

FCS9 74 §-&32 71413 E4X|E Table 2] 82315 0m,
3t RN #L 35 220E TEist] A5t A vk
=]3ic}. stopper 2 pinFF F-Eoll= 1T §F4Q SCM440S A
£33, A3 bushingell= OILESS500-ABR A}2o] 24-=9)
o}, AlF Ado] AFEE chain wheelell= A148 AlE ZAE, 1
9] F2 FF FAlol= DH36 U A694F70 ZAE 22 st
t}. o] ARt it 728 Al visl £ FEAEE 7K 5
3 71AY A5E AT AU E A P2 §
A& At

ZAA 27L& SFOWTS == FCS main pin®] 317 A4
= 710 oA, T8 4 SRS ALt BE 5 A
=5 A|$sloic). T3, main pin¥} flange bushing Alo] HEH
= A3 s4E A% F71 BA 0] FLHAct. o]+ FCse
T8 ¥EE0| pin AFYAE B3 33 A2 34 FA%e| 7t
SIES AAlE AA &5 543E W35k, main pind] 3A7ts
W3S A9 BE ARES ARSI FCsell AL=E 2¥o] +
Z AAel Ex =] 8o BFFEE A5 et 1A =
o= diy 228 3519 34 E8E Fol|1 A A &R
£ Hagsiolth. BE 24 85 2704 F2 dFe] FEsk=
chain stopperoll= A2} chain stopper 7+ A &L £33
3lgo] AGEH, o] F3toll= Hloj® 315 FE=E dfso] A8
Stk whA, Q) Ao A= 739180] FCS) upper stopper?} chain
wheelell 33 g8 HEZ, AP o= B 85 g9
skso] Fod=3it

FEA: 918 3124 273191 ABAQUS(SDS[2020))E &
£310 RN oH, d14 AT= Table 30 F2lsisit). 58 H
7F= von-Mises 58 71E 2.2 3= 3, A A AEE
DNV A3 7|3(DNV[2024]; DNV[2021a]; DNV[2021b])& 7]4F

Table 3. FEA results

S FPH Gt ol L &7 g2 2 AE] FEAFES] 90%
FEoE ARsiglon, s 58 882 A694F70] th3l 436.5
MPa, DH362 279 MPa, SCM440-2 750.6 MPa, A1482 5265
MPa, OILESS500-ABR-Z 555.3 MPa=Z 22} &5 Qi)

Table 391 2)E 3|4 AHE 72, FCSS] 72 A5 H7K=
Z A7 sk 2 EHE Hd) 3¥o] 2T ¥EE 7IFeE T
AR &8 Y FF FE B 7|Fo 2 jhot FAF K
FEA 88 A}, BE 44 315 2744 =28 dd $9 k2
DNV A3 7]5(DNV[2024]; DNV[2021a]; DNV[2021b])°ll THA]
¥ 58 S8 HHE =Tk gskon, olF T3l FCs 7271 A
HHE 02 QPAAS FH L S-S IS AlF-F o R A
HA, LC2 35 2folA 78 2 89 o] 2AsIelen, &
3] DH36 734171 2848 F-EolA 589 HAd) §8o] 58 39
#loll 7F 23 ¥ FF0 = YRt FCSS AAIFR] §8 FX
78S LC2 AL 71F 2= Fig. 70 £213} 313500, T3HeA
g8 4= 31=0] AT el elA chain stopper F-$l°] FH3 -§
g AZF dAe] B2 H o) £33 amm pin bearing plate$} arm
Contour Plot

S-Stress components(Mises, Max)
I 300.000

Maximum stress part

275.000
250.000 T
= 225.000
~ 200.000
= 175.000
~ 150.000
E 125.000
= 100.000
= 75.000 !
50.000 —{ '
25.000

B R’gq?esult

Max = 726.815
PART-1-1 198
Min = 0.000
BART-1-1 199509

!

Fig. 7. LC2 stress contour results (unit: MPa).

Max. stress [MPa] Structure
R A694 DH SCM A143 ABR safety
LClI 2915 (Part 15) 2723 (Part 7) 726.6 (Part 3) 7.9 (Part 10) 2208 (Part 13) OK
LC2 290.7 (Part 15) 2700 (Part 7) 726.8 (Part 3) 8.8 (Part 10) 199.6 (Part 13) 0K
LC3 120.6 (Part 18)  122.7(Part 14) 4068 (Part 11) 1682 (Part 10) 54.5 (Part 12) oK
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wall plate FHIME FhF oz $L 58 BX7 JA4P e
E A

Table 37} Fig. 701| A€ 8j4] Fate] W=, FCSw= Aw178<)
T MR 718E FF3h o A /A7) 25% mekeE
Fe AR El T FEHS A 5 ASdct. whEhA, A 9
Al EABH= B T12d AFAQ A2 7 2 est
ot S gt

3.2 22N sl Hap 3 H|w

B AFolMs A QA B8 o4 A BAAE] F
ZHKS[2019])E 128l 4184 a4 Al 2 & FAY F
7Aie A A% 33E 133 A9 AS5E JoJsisi o, FEAS
315 27 =8 A A TAE QAT BE 544 I wdEd
o} 212173 siAE % #E A 2B Table 40 A E S
7Pke = Bt 7= Fig. 60 UYehd 7] AA FAE 71§ =
sl At EF HAx}(Relative standard deviation, RSDY= 57
8 73A A FAHKS[2019])E 25 e, & $EXE B
HEE 793l 83813t

B3 AFE £ DNVAE 713(DNV[2024]; DNV[2021a];
DNV[2021b])°l w2} A ol AR A2 Q) 558 F HAXQ
279 MPaE 243151t o] 2% 2704 Table 48] #E WF+E
FEA E9o] #43lo] FORM, SORM, MVRM, AISM2] 3j4] |
e g3 A 83 22 E2 AFES ARSI A9
34 gt AFE f8) MCS7|HE] B71E Walsie] B2 S
e 4 FAAE uE 45T MCSE S A8 &
(confidence level)l] H718laiA) sl= 412] & T o1 &9
e FERL AE 9 ERE Ae, 3 AE Qs 2AEe &
E A5 # B4 A6 ZPEA AR s AR
3 7THO R sl F3e] &2 vlgo] 2RIt FORM, SORM,
MVRM, AISMz#} o] §HA] 23] T8 AR "4l& ARESh= 4l
24 A& MesHY] £ FRAN 28 A9E =28

Table 4. Definition of random variables

- F8E

A5, 34 dide] §849% 0] vAgY Fxe wet el
AEE 210)7} A& 5 ek WEk 2 dFe e McS Arisl
H2E F3 2218-L Hle] A S FejFos A
R A A7 PEE AgskaAt sigict. MCSell BEEE2)
el 7 BEZ Folslo] AF BB 55 Ao, ol
A TE 5 A4 dPL 2 (12)2 F381SirkSiddall[1983]).

e[%]~200 f“—_pﬂ

MCS9] AEH &= 4 (12)2 25 H 33 &F p,=0.012 7|
FoF A7 FF 95%M 5% FEE()F F 838l MEF
315 158,4003)2 23515t

Table 591 FORM, SORM, MVRM, AISM2] 41| &F )4
A3E Mcs A v|wsle] Fejsilen, Zk A= A 71
H 2] AR 3 AAEI

Table 52] ¥4 @3}, AISM®] 314 A7} MCSe] dxte} 713
FS A EE B9on], MVRMS] 3% 2218°] 718 A ek
5Tt FORM} SORM< AR 52 A 28 vehdlon,
MVRMETH= B 0318-8 BT AISME] A& el vl
ke ZAo= ERIFIT 1] AXEF S AISMe] 71
T AP u18-& 278 20 E VR en, ¥ MVRME 7F
S AIAE 1S Btk T8y MVRMS ARERe] AL Aele
B8l 212Pg 49 Ao B A1) 858 Ao AEdhs
7o) 9lo], A A= FH S HPAJo) HojR|= oz
Bk £ Aol s MCSE 71F0.= o FCse] 889
TEAA ) Fet A=A S BEks 2S B30 3P
wiEell, MCSe] A1=|8HE Aajel] 71 A7t %2 AISMe] FCS9)
BEEF T2 Fgs Ao E wAFHc

A4 s HEE 38 54 O 24 e dg3es
LC2 A& 7|F 0= Fig. 8l T23510] AA)Sich.

Fig. 8 A€ AxeflA 18 4= 91%°], FORMT} SORM2)

(12)

Random variable Standard deviation [mm] Lower Bound [mm] Initial design [mm] Upper bound [mm]
X, 15 78.5 80 81.5
X 12 28.8 30 31.2
X3 1.9 98.1 100 101.9
x4 1.5 78.5 80 81.5
x5 19 102.1 104 1059
X 1.9 102.1 104 1059
Table 5. Comparison of reliability probability [unit: %]
FORM SORM MVRM AISM MCS
LCl1 98.53 (123) 98.53(1.23) 99.37 (2.07) 97.29 (0.01) 97.30
LC2 97.63 (0.49) 97.63 (0.49) 98.44 (1.30) 97.04 (0.10) 97.14
LC3 100 (0.00) 99.97 (0.03) 100 (0.00) 100 (0.00) 100
# of iter. 145 227 8 303 -

( ): error
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Fig. 8. Reliability analysis convergence history results.
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Fig. 9. MCS data distribution and approximation.
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