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Derivation and application of directional metocean design
conditions

LI Ye, LI Lin—bin, WEI Wei, WEI Si—jun
(China Classification Society, Beijing 100007, China)

Abstract: Considering the directional differences in the distribution of environmental conditions, the
directional design criteria can be adopted as long as no jeopardizing to the structure reliability is introduced.
Compared with the omnidirectional design condition, the directional criteria can optimize the structural
design by redistributing the exceedance probability on all directional sectors. The directional design
conditions that meet the requirements of the target reliabilities can be determined by the iterative method
proposed in this paper, and the optimal structural design and the corresponding directional design condition
can be determined by design analysis and comparison for specific structures. The statistical uncertainty
impact caused by distribution fitting and large extrapolation needs to be carefully considered, and using the
proposed "combination method" to derive the environmental condition distribution is an effective solution to
reduce this impact.
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Fig.2 Scattering of typhoon peak H,on different directional sectors
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Tab.1 Distribution function parameters of H,

B X (=N EREHE (v) MESE () REZSH (o)
Omni ( £7J7[ ) 228 0.773 1.3012 8.3080
S1 45 0.153 0.8648 7.4072
S2 69 0.234 0.8537 5.2392
S3 50 0.169 0.6588 5.0263
S4 70 0.237 0.6546 5.0701
S5 49 0.166 0.9938 6.3152
S6 87 0.295 1.029 8.0106
S7 95 0.322 1.2578 9.2261
S8 85 0.288 1.2006 8.1091
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Fig.5 H, directional distributions
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Fig.6 Return periods of H, = 13.96 m at all directional
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Tab.2 Values of H, and return period derived by two methods: qual ratio escalation and equal return

period escalation

. SR FEIBIK
Jad X 1004F H,/m
H,/m EIHY H./m wEIH/Y
S1 9.73 10.00 134 10.00 134
S2 7.91 8.14 128 8.17 134
S3 6.87 7.06 131 7.07 134
S4 7.13 7.33 134 7.32 134
S5 9.08 9.33 126 9.38 134
S6 11.48 11.80 135 11.78 134
S7 13.57 13.96 134 13.96 134
S8 12.12 12.47 131 12.48 134
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Tab.3 Combinations of directional design conditions

BiX AH;=0.3m AH, =0.6m AH;=09m AH,=12m AH;=15m
H, L H, I H, L H, I H, L
S1 12.68 2917 12.1 1492 11.86 1132 11.74 983 11.67 906
S2 10.81 2917 10.24 1492 10.00 1132 9.88 983 9.81 906
S3 9.11 2917 8.67 1492 8.49 1132 8.39 983 8.34 906
S4 9.35 2917 8.91 1492 8.73 1132 8.64 983 8.58 906
S5 12.46 2917 11.79 1492 11.52 1132 11.38 983 11.29 906
S6 14.26 1468 14.27 1492 13.99 1132 13.84 983 13.76 906
S7 14.26 170 14.56 216 14.86 274 15.16 347 15.46 440
S8 14.26 581 14.56 746 14.86 958 14.89 983 14.79 906
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Fig.7 Directional design conditions with AH, = 0.3 m
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2 YA EAE H /NG S3 8 DX RN, 25 3] S1 A S5 B3 IX H AR HL, 528 1 LA 3 4L R IABEAXT
The DXL A BRA L, AR IR EANE 11 PR

R 4 FPSO BhRESH
Tab.4 Global mass data of FPSO

Mz (BEHEER ) /m 22.80 HEK E A 100 932
X5 0.00 Ryx 24.00
O E/m Ys 0.00 [ %5248 /m Ryy 23.50
Zo (HERLZR) 20.22 Rz 26.30

®S5 BITMERH (AH, =03 m)
Tab.S Design environmental conditions

SR PR K ik
HJ/m T,/s VPHREEIXGE/ (m's')  FEFE (ms')  PERHE (ms')  JRERE (ms)

2J7m 1396 14.5 383 1.99 1.04 0.59
S1 12.68 14.0 347 1.99 1.04 0.59
S2 10.81 133 29.4 1.99 1.04 0.59
S3 9.11 127 247 1.99 1.04 0.59
S4 935 127 253 1.99 1.04 0.59
S5 1246 14.0 34.1 1.99 1.04 0.59
S6 1426 147 39.1 1.99 1.04 0.59
S7 1426 14.7 39.1 1.99 1.04 0.59
S8 1426 147 39.1 1.99 1.04 0.59

IR FHIONSWAPHY , 304 T+ X 7 Gamma=1.5, J5 7 B A5 & £n=2.0.

Wave: 270°$

Wave: 0° Wave: 180°
Wave: 90°<l>
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Fig.9 Definition of incident wave directions Fig.10 Coupled model for mooring system analysis
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Fig.11 Mooring system layout and incident wave directions
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Tab.6 Incident wave directions and the associated sectors for design environmental conditions
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