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Abstract — Floating offshore structures should be designed by considering the most extreme environmental load-
ings which may be encountered in their design life. The most severe loading on a wave-offshore wind hybrid
power generation system is wave loads. The principal parameters of wave loads are wave length, wave height and
wave direction. The wave loads have different effects on the structural behavior characteristic depending on the
combination of wave parameters. Therefore, the process of investigation for critical loads based on the individual
wave loading parameter is need. Namely, the equivalent design wave should be derived by finding the wave condi-
tion which generates the maximum stress in entire wave conditions. Through a series of analysis, an equivalent
regular wave height can be obtained which generates the same amount of the hydrodynamic loads as calculated in
the response analysis. The aim of this study is the determination of equivalent design wave regarding to character-
istic global hydrodynamic responses for wave-offshore wind hybrid power generation system. It will be utilized in
the global structural response analysis subjected to selected design waves and this study also includes an applica-
tion of global structural analysis.
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Table 1. Summary of hybrid wave-offshore wind power plant project
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(a) concept design

Fig. 1. Wave-offshore wind hybrid power generation system.
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Fig. 2. Different wave force regime (Chakrabarti, 1987).
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Fig. 3. Hydrodynamic model for wave-offshore wind hybrid power
generation system.
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Fig. 4. Finite element model for structural analysis.
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Table 2. Weights of component parts of wave-offshore wind hybrid
power generation system

Dimension (mxm) Mass (x10°kg)

Hull (Column, pontoon) 8.5%8.5, 4x4 4,998
Deck, brace 4x3,2.5¢ 8,798

Wind turbine tower - 1,051
Rotor Nacelle Assembly - 749
Wave energy converter (WEC) 4.5¢ 1,777
WEC guide frame 1.1x0.8+0.015%0.02 567
Electrical equipment - 628
Damping plate - 654
Marine system - 1,017
Mooring load - 500
Water ballast - 6,108

Total 26,847
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Fig. 5. Relationship between significant height and peak period
depending on return period (Choi and Kwon, 2015).
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Fig. 6. Comparison of the motion responses of platform in regular waves between panel and structural (mass) model.
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LCS: LoadCrossSection

Fig. 7. Position of section considered in x direction.
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Table 3. Summary of critical wave and direction
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Fig. 8. A process of equivalent design wave approach (DNV, 2012).
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Wave-offshore wind structure

Semi-submersible (DNV, 2012)

Wave direc-  Wave length Location of max. response Wave direc- Wave length Location of max. response
tion (deg.) (m) - Tesp tion (deg.) (m) -resp
Split force 90 340 pontoon (end), mid-section 90 317 pontoon (end), mid-section
Longitudinal Shear 45 55 WEC guide frame, mid-section ~ 45-60 336
force 60 72 mid-section, inner column 45-60 336 pontoon/node/column
30 135 id . braci intersections
Torsion moment mid-section, cross-bracing 45-60 225 column to deck connections
60 340 inner column, mid-section 45-60 225
Vertical bending moment 0 160 column, mid-section 0 160 column
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Table 4. Design waves derived from short-term analysis

Wave head- Wave spectrum Section Wave fre- Wave Max. response  Stress RAO  Wave ampli- Wave
ing(deg.) Hs(m) Tp (s) quency (rad/s) period (s) (N or Nm) (N/mor Nm/m) tude (m) height (m)
_ 1132 15.10 103 0.425 1478  1.01E+08 1.56E+07 6.43 12.86
Sp“(tl\f;’m 0 1053 1175 113 0.775 8.11  244E+07  6.41E+06 3.81 7.63
11.12 1328 123 0.45 13.96  6.95E+07 8.32E+06 8.35 16.70
11.12 1328 106 1.075 585  6.43E+06 1.69E+06 3.81 7.62
45 1132 15.10 114 125 503  9.02E+06 1.28E+06 7.07 14.14
Shear force 11.12 1328 120 1.05 598  6.73E+06 1.65E+06 4.07 8.14
N) 11.12 13.28 105 1.2 5.24 5.41E+06 1.45E+06 3.73 7.47
60 1132 15.10 112 0.925 6.79  8.36E+06 1.64E+06 5.10 10.20
11.12 13.28 121 0.975 6.44  5.66E+06 1.40E+06 4.04 8.08
11.12  13.28 110 0.65 9.67  3.33E+08 6.35E+07 5.24 10.48
, 30 1053 11.75 114 0.675 931  3.90E+08 7.36E+07 5.30 9.53
TI;’;S;;’;T 11.12 13.28 121 0.45 13.96  4.35E+08 5.83E+07 7.46 14.90
(Nm) 1132 15.10 105 0.425 1478  5.05E+08 7.89E+07 6.40 12.79
60 11.12 13.28 114 0.85 739  3.02E+08 5.89E+07 5.13 10.30
11.12 13.28 121 0.45 13.96  3.38E+08 4.69E+07 7.20 14.40
Bending 1132  15.10 103 0.425 1478  1.35E+09 2.00E+08 6.73 13.45
moment 0 11.12 1328 112 0.625 10.05  4.52E+08 7.42E+07 6.10 12.20
(Nm) 1132 15.10 123 0.425 1478  7.97E+08 9.72E+07 8.19 16.39
. 0 11.12 1625 Horizontal 0.875 7.18  1.60E+00 2.00E-01 7.99 16.00
(Q‘Lcséeﬁzti‘g"ﬁ‘t) 90 1132 1510 Transverse  0.875 718  1.84E+00  3.13E-01 5.88 11.75
(m/s) 0 132 s 0.425 1478  2.30E+00 3.56E-01 6.45 12.90
1132 15.10 0.425 1478 2.29E+00 3.53E-01 6.48 12.95
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Fig. 9. An example of global structural response for vertical bending moment.
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