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This study presents the reliability—based flaw assessment for the crack in the mooring chain of a floating type offshore structure,
BSI(British Standard Institution) flaw assessment procedure BS7910 was combined with first— and second—order reliability method
(FORM, SORM) so that the acceptance of a given flaw can be assessed considering the uncertainties of parameters that play
important role in the flaw assessment, Considering the probabilistic nature of the crack size and long—term distribution of the
stresses acting on the crack in mooring chain, the failure probability was calculated using FORM and SORM, To check the
validity of the FORM and SORM, Monte Carlo simulation was also carried out to derive the true limit state function and compared
with the results of FORM and SORM,

Keywords : Reliability(AM2[A), FORMQRFZAAZIER), SORM(O[RIZAMMZ|E), Monte Carlo simulation(=2HIZIEZ AlZ2|0 M),
BS7910(@=HZ), Limit State Function(LSF, SHAIAEREIY)
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Table 2 Flaw type and geometry
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Flaw Semi-circular surface
Radius 68.5 mm
Initial crack size 2 mm

Fig. 8 Geometry of semi—circular surface flaw on the

round bar
of|/eks ool M35 Hotex2 Ao AV |ISHER
ol TE5I0{0f st iAol chSIE -‘?—IEH tud R4 chain2|

IH5kE2| 85%E ARBSIICE ol S0 CHHol| 25| 248
Il 71E5I9 0 =8 BHEE 2F85K| eCtn 7HYsigict
oloj| 2} 1x} 2t S24(Pm)-2 460MPa, 1xF =8 S24(Pb)2 OMPa
O HASIFCE Hblol AlBEE SELE, QIER

Poissont|, mlQld So| DME ME S42 Table 31t ZCh
287 = BS7910S 7|EteZ o 017(._ 753“:‘:47} EJE”

r°|' DO rulru

U, ERd|,

il

Ck. Fig. 92 T=FME, 2, IHEEQ, 3%5._4 52
QS 25 RESCEWR| @l24akE Ho{=Ct,

Amar (1985)= Ctke I|2H7i0l| A== I 2515 &ER
IE Weibul 222 714519520 2 o470 M= dLRIT6HA
of Ag=ls mZsksel AELUTEEIE A (6)e 2-H
Weibull X5 h2Cth 78It

flasa) =Ty s 0) ®)

047|M h = Weibull 22| &4t L2RBE, o = AT T2t
0lEE ofolghct.

2 BHosioz Kol 4 QIOL} 2 =20|AE A 7io| EEH Table 3 Deterministic material properties
0| Cist HUE 25l E22Isiol| ofgt sfAMs shsISct Yield strength 576 MPa
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Table 1 Particulars of mooring chain Young’s modulus 51050 MPa
Chain diameter 137 mm Poisson ratio 0.3
Modulus of elasticity 51050 MPa Toughness K 102 MPa
Breaking strength 16992 kN m (85% of breaking strength) 460 MPa

434

ChstEMels|=2F] X564 ® X6 = 2017 10



olE8 - URY

B o e _
26 16t up | Flaw Dl Tenssle Progenty | Primayicycie Stesses

Fig. 9 Flaw assessment program RESCEW 2.0
Mohammad (2015)= 100 7| mEstsE, 1004 37| &
2, 10d F7| =Fo| gk AlZaolM 2 TEsIICt AlZ2(o]
Mof afiakaletoll Chall AFAQIS| 14 x| L|ZstES AlLksi
n|ZsteEe| EEEE 285 Weibul 2X2 JFdsi0] A2
OE 22 Z-™siich 2 A7olAM= Mohammad (2015)7+ &
M3t | 25kE| SEEEE AT5l0] Weibull 222| A2}t &
LZskE SleE MEsIen RS9 sHg nasl H=st
Weibull AH==7} 2 O'-‘| J_<|9 i—.E—E_E st 7SIt
Weibull #3£2| B
(AT, )2 Table 401| 7‘*3|5|04° =

oY S8 M= He| 7|2715 = MEE ARESINC

p

SHEIHA IEE 74I7*° 63MPa+/m 0|t 7|127|7} b
= Qx[of|Me| SESHY A= 1440 Pa+/m OlC 7Y MRS
ME9| Zt A$E2 Table 501I MA|=l dieb 2}

Table 4 Fatigue loading parameters

Initial scale parameter (a) 4.08
Initial shape parameter (h) 0.559
Total cycle n, (20 years) 3,262,420
ATy, 15.27 MPa
Table 5 Crack growth constants
Stage A Stage B
A m A m
2.1x107" 5.10 1.29x107" 2.88
3.2 BT
= slilAof ARZEl i'*gd Weibull R2XZ2| F A2t &8
o EOEM e d#— Mz =glo|nf EXst BR

ZE s Hoz JIHSI9ct
242 Mohammad (2015)2] 94+
£ MEoRiD 24 o] EERAL 28ME SHPIEE A

20| 7ISate S AES| MHSIICE shAoll MBE =S

Table 6 Means and standard deviations of random

variables

Variable Mean | Standard deviation |C.0.V [%]

Scale 4.08 0.35 8.5
parameter(a)

I 0.01 1.7
parameter(h)

Crack 15 5 mm 0.3 10

size(a)
. ’
g 061
]
s 06 435
iasg‘
§fliﬂ. !
5’ y

35:;\\\ 2
Scaleparamener:. ]S»\ /

: Cracksaze(mm)

Fig. 10 Joint probability density function

Yot EEERE HESHet 27 Table 60l Ha|=oi1ct
Fig.10= &&= 2ol TAIE Zet AEFEE SAFAM
Jgolct 2t AEREE 7Y
=EE 22 Eeld o+ UL Ze AEFTEe| S0l HelH
SolA offZe il—?—'#%‘% Ag & ek ol z:ei
Ho|gt Shape = LUHOZ 0.701A] 1.5A10[01A 2JBf 2

, 1992) Mohammad (2015)2] 04—?0”/\1'_
7| uf2oi| Hrl &2 7F0| cHEglez N

3.3 HI7IEZ AlEaold

TAECSZ ALY L= FORMTE SORMS|
=2 -‘%IéH =HEHSZ TS M-Sl il SHIZIER AI
22082 FHSICE Z2ETY|, Weibule] HEHE &AM
2ol thall 3.282| Table 62| =22 Gaussian 2ZE W2
= RBHS samplingsto] TREEES ALBIQICE = =
sampling=(N)oll e TRESHE(P,) & Table 70il Az|=|0fUct,
oihEE AAEDE 5000(Ake] sampling oA ThEERE0|
TSl AS 8 = U2n 1500702| sampling=re| IkEEE
we EHIIER AlZsloldel mkestE 2 ZAsINCt
Fig. 112 Lr—Kr 320l 2000702| samplingoll tist 2EI7IER
AlEeold Zjo|ct.

JSNAK; Vol. 54, No. 5, October 2017

435



FORM 3! SORME 0|82t F0ig #ele| Alzld 7|gh Zetdrt

Table 7 Failure probability according to the number

of sampling
No. of sampling Py
100 0.16
200 0.145
300 0.157
500 0.186
800 0.18
1000 0.19
1500 0.192
2000 0.1855
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Table 8 Comparison of failure probability

Failure No. of No. of Error

probability | Iteration | Analysis [%]

Monte Carlo 0.1855 - 2000 -
Real LSF 0.1841 - 8000 0.7%
FORM 0.1685 5 20 9.16%
SORM 0.1874 4 40 1.02%
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