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ABSTRACT: In this study, the optimal design of a mooring system was carried out. Unlike almost all design methods, which are based on the
deterministic method, this study focused on the probabilistic method. The probabilistic method, especially the design of experiment (DOE), could be a good
way to cover some of the drawbacks of the deterministic approach. There various parameters for a mooring system, as widely known, including the weight,
length, and stiffness of line. Scenarios for the mooring system parameters were produced using the Latin Hypercube Sampling method of the probabilistic
approach. Next, a vessel-mooring system coupled analysis was performed in Orcaflex. A total of 50 scenarios were used in this study to optimize the initial
design by means of a genetic algorithm. Finally, after determining the optimal process, a reliability analysis was performed to understand the system validity.

1. M = F A2"e] FALAS] AR A"l AE gE2A HXe
IS Adstr] 98l A @A H(DOE, Design of experiments)
ATA 2B TxBo| MASE ok 314 oF dloA ¢ = =Y A7V AP H vF S (Ferreira et al, 2017) ©]& &
AsHA €98 F U=2 A ok FTHWang et al, 2013). 7ol H-E3Hh
ol g AFA2ES WS A= dols o8 JHA A
ol w2 7)Ee] dow, AFAzH HHAA B HAel 2. A=A S AFTAIAE
gk B2 A7 R H vl AthStendal et al., 2015; Jones and
Nelson, 1982; Huang, 2000). €RFHQ1 AlFAA WHAME 24 21 SR|=dst Ap ==
BEH PHol SJASI] HAT} o] Fold HEF HAZL olF  murz 9 A S A PPNEY Forgy &
ofd & gletl, & A7elA Agd FE2A AT THS T Saae stk A EL Fig 19 2 W TE
A 7hsd Aol 5 Huldk wel aHs] wiEel AXEe] B Fejoln, A&IE 7290 ANSYS AQWAS ARgEte] F3}
FS BedE Bl 5 dlvke Aol AtkSule, 2011 £ oA AFEALS ALIEIATE ANSYS AQWAE A7
McTigue and Harte, 2011; Cheng and Bussel, 2001). A7 A7 9 4¥W(BEM, Boundary element method) 7|WFO 2 3le] =@
[

of Bag T8 A MERE ARAY] FA, A4, dol, A oy Aye] mwlo) wix= 7 mdol A BYNES 17 YA
S0l 0w, 2zke] A WAEL AR Feol Wk ARAZ sl o FoE HAS ATEAS ALITHANSYS,
Hof| A= Gl A= Fold 4 Utk FALTE AT 2013). FERE] A AYE Table 101 HABFATH

2 B Al 78 ols W99l wA(Offsen) ol 2l S ANSYS AQWAE 53] Aldtd AT At Fig 29
LA (Taw) AT A ARHE FARC AFAL B4 gon, AvE Auks RHAAT AHHHS U5 Oreaflex]
o] vjAE= Gl U AP WEHOE B & Ak oHY A ugios Algwc

Received 9 May 2018, revised 10 July 2018, accepted 2 August 2018
Corresponding author Seung-Jae Lee: +82-51-410-4309, slee@kmou.ac.kr ORCID: http://orcid.org/0000-0001-8992-6915

(© 2018, The Korean Society of Ocean Engineers
This is an open access article distributed under the terms of the creative commons attribution non-commercial license (http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

215


http://orcid.org/0000-0001-8992-6915
http://orcid.org/0000-0001-8992-6915

216 Soo-Won Kang and Seung-Jae Lee

Fig. 1 Panel model of structure

Table 1 Characteristics of structure
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Description Magnitude  Unit

Width 125 m

Upper deck Height 17.5 m
Length 300 m

Width 35 m

Lower deck Height 12.5 m
Length 270 m

Column Diameter 25 m
Height 27.5 m

Centre of Gravity 224 m

Draft 28.75 m

Main Mass radius of gyration-Rx 50.412 m
parameters  Mass radius of gyration-Ry 80.494 m
Mass radius of gyration-Rz 90.671 m

Displacement 3.013 E+H08 kg

Panel mesh No. of panel 27724 -
parameters Max. panel size 4 m
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Fig. 2 Hydrodynamic coefficients of structure
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Fig. 3 Mooring system layout (Pan et al, 2016)
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Table 2 Mooring line properties (Pan et al, 2016)

Type / Quality R4 Studless Unit
Typical length 45.7 m
Top chain Diameter 110 mm
MBL 11,670 kN
Weight in air 242 kg/m
Axial stiffness, EA 1,033 MN
Type / Quality Spiral Strand Unit
Typical length 1,655.1 m
Middle wirs Diameter 105 mm
MBL 9,923 kN
Weight in air 86 kg/m
Axial stiffness, EA 1,429 MN
Type / Quality R4 Studless Unit
Typical length 1,000 m
Bottom Diameter 110 mm
chain MBL 11,670 kN
Weight in air 242 kg/m
Axial stiffness, EA 1,033 MN
Table 3 Environmental conditions
Description Unit
Spectrum JONSWAP -
Wave i 12.9 m
Tp 15.5 s
Description Unit
Wind Spectrum NPD -
Averaged velocity 55 m/s
Description Unit
Current
Velocity 1.97 m/s
3. AFM =H35}
31 B2 =&
FE F= e A SEEF PEH 0] FEEA YRS
s & THLee, 2015). SEEF & = HL o
SOl YFES FFREFSY FUZ 1S RS 23
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FE WY 5 E2H-71E2 AEZTY(MCS, Monte carlo sampling) 3
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Table 4 Design matrix of scenario sampling

Soo-Won Kang and Seung-Jae Lee

Top chain Line length Target function
Scenario  Djameter EA Weight Top Middle Bottom  Initial Tension Max. Tension Offset
[mm] [KN]  [kg/m] [m] [m] [m] [kN] [KN] [m]
1 140.6 1028862.5 445.8 47.8 1872.4 983.9 1664.4 5503.5 90.7
2 78.0 861327.5 112.0 41.9 1861.8 991.3 23314 5450.1 84.5
3 94.4 624807.5 199.4 50.9 1490.8 976.5 3387.0 6967.1 63.8
48 93.0 1019007.5 192.0 40.5 1766.4 1048.2 1948.8 4796.7 87.5
49 125.6 792342.5 365.8 399 1883.0 1060.6 1626.5 4097.4 85.1
50 1324 920457.5 402.0 44.1 1808.8 986.4 1752.9 4965.7 78.4

3l AHgE Aes AFAY AA, FA,
]‘:} A }l- 9]'0101 Al 3 AFAI =R F

2 EhE 12WF EES FE31] 50709
/\]‘4'3]9—% 2} 43]’99\‘:]' AL FE2& HI8l 72 Wge] A
58 HEAG(Coefficient of variation, EFHIHT) 0.1
Zt= A& 3 (Normal dlstnbutlon)i 71453 2™ (Bruen et al,
1991) =7] AAIt] ARSE WERS ATEXe] Fk
(Nominal value)2.Z 83Tt ?/}‘?’l slo|HHFr WEY U
o] oJ3l &3 50712 Alue] 2= Table 40l BWAISFH oW, A
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Table 5 Initial design and optimal design
Description Init.ial Target variable: Initial tension Target variable: Maximum tension Target variable: offset
design Optimal Difference Optimal Difference Optimal Difference
Weight [kg] 242 162 -80 200 42 188 -54
Top Diameter [mm] 110 90 -20 100 -10 97 -13
chain EA [MN] 1,033 691 -342 854 -179 804 -229
Length [m] 457 45.0 -0.7 457 - 45.0 -0.7
Weight [kg] 55.6 55.6 - 373 -183 50.4 -5.2
Middle  Diameter [mm)] 105 105 - 86 -19 98 -7
wire EA [MN] 1,056 1,056 - 712 -344 954 -102
Length [m] 1,655.1 1,672 +16.9 1,675 +19.9 1,670.1 +15.0
Weight [kg] 242 151 91 162 -80 188 -54
Bottom  Diameter [mm] 110 87 -23 90 -20 97 -13
chain EA [MN] 1,033 646 -151 691 -342 804 -229
Length [m] 1,000 980.9 -19.1 980.1 -199 980.2 -19.8
Total weight [kg] 345,083 248,369 230,394 276911
Safety factor 2.44 1.73 2.13 2.08
AU BAPSR 4 AR, SRRAN dolole] A 4 (97 Lok
& 717t 10mm, 19mm, 20mm ¥ FASEE BT FAY
A5 e Ael A4S Bum, 9folo] Tom, R AL L p gy @
13mme} 1o mE FA|, 7 Tol sttt 53], A=l =
A 0] Zhat WAL AlzEle] F) zhacl AZAHH 1 s
& Table 50l e niel 2t £ = Fluy.oy) )
34. M=ld grt
AFAZE AR B7HE feide bA AlFAlzsle] A p; =p(R— 1) = p(X<0) (6)
Ell(Limit state)ol] tHek g 2]7} AdaY=|ojof ot AVSEN= AlFAl
Cxje] The EIE AT S s S HNE S e Ad 3 —of ) ol ] g
1) oldel AR sheo] Yol ej2 o ATHDNV, 2010). o Vot
B Aol ol WA Aus ARAe] A F1E B
e d e FUE sl AFAle) Ae] stk Aeg AVIA ue St o= A A 29 Bt EFBAL, g1, 7t
E AU STk ARHS Aol HOYEE 2AT  pE FOEE W A BE) B, 0,7 o, YR D B
SEe 4 37 2ok 2 Rxe) mEUAE ek

Py :ZJ(R* T) <0 (3)

A71A, 1 AR B, rE FIAE, pE T RE 2HT
gES el
B4R o= AR FrloAe g Ao Bk @S 1t
slsl7] flsl AlEl SERE 9 AN EE SY 0| guts)
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Table 6 Optimal design and Reliability analysis result

Soo-Won Kang and Seung-Jae Lee

Target function

Description Initial design — - - Unit
Initial tension Max. tension Offset
Breaking load 11,678 8,167 9,864 9,343 kN
Initial tension 2,543 (22%) 1,660 (20%) 1,223 (12%) 1,666 (18%) KN
Tension Max. 4,790 (41%) 4,733 (57%) 4,625 (46%) 4473 (48%) kN
STD 408 403 441 412 -
Max. offset 56 68 71 75 m
Probability of failure (p;) 4.4E-09 1.4E-04 1.0E-06 1.4E-06 -
Reliability index (3) 5.8 3.77 4.85 4.77 -

A ()4 el vle} o] A Ak pe WA gE AAst] tid s Szl AR HEg e 3
g BA Stk Fig 70 UEhd vie} o] fAVIEIS] g sigith A E e wixked FaEolH Y Tl A&
gk BEolA A AE gl FEUA, FEo2RE Az " AFAZEE ARSI BEE SdAddAY AAF
Ho) dSES AR = lom, IAVE Y] FAEEE o7t A Aee WU sk S 2713 A
A B o, A Bt 0En B e A A AHolH, so7he] Aluele A AE ARgste] 3 dale
o] I 2HE ¢ Sl 9 WAl web 1-p, o] 238 F& A8STh
Ee 2 A (D3 2ol e = Slok 27139 E SATR sidle A daR, s A9l

AR A 8 Ao Aasiion o wE ARkl Alx

T o z!il jﬂl;‘i _%.Li%}%lﬁ} ‘?}tf iﬂlgﬁ'—%% %@?‘ﬁi :G}E‘Ri%
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