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Abstract : Eco-friendly and renewable energy sources are actively being researched in recent times, and offshore wind power generation requires
advanced design technologies in terms of increasing the capacities of wind turbines and enlarging wind turbine installation vessels (WIIVs). The
WTIV ensures that the hull is situated at a height that is not affected by waves. The most important part of the WIIV is the leg structure, which
must respond dynamically according to the wave, current, and wind loads. In particular, the wave load is composed of irregular waves, and it is
important to know the exact dynamic response. The dynamic response analysis uses a single degree of freedom (SDOF) method, which is a simplified
approach, but it is limited owing to the consideration of random waves. Therefore, in industrial practice, the time-domain analysis of random waves
is based on the multi degree of freedom (MDOF) method. Although the MDOF method provides high-precision results, its data convergence is
sensitive and difficult to apply owing to design complexity. Therefore, a dynamic amplification factor (DAF) estimation formula is developed in this
study to express the dynamic response characteristics of random waves through time-domain analysis based on different variables. It is confirmed that
the calculation time can be shortened and accuracy enhanced compared to existing MDOF methods. The developed formula will be used in the initial

design of WTIVs and similar structures.
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Table 1. Time-domain analysis for jack-up units (SNAME, 2002)
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Table 2. Main dimensions of the target WTIV structure Table 3. Elevated design condition for parametric study
Item Description Item Description

Length over all 155.0m Water depth 45.0m

Breadth over all 58.0m Air gap 15.0m

Depth, moulded 11.0m Penetration 3.0m

Length of leg 115m Wave period 1295
Number of legs 4 Wind speed (1h sustained) 27.92 m/s

Total hull weight 37,000 mt Current 1.0m/s

Jack 32234 =4

A WTIVE] =3 =707 XA ] BAZLS Fig 69] &8
Zo] RE 74 XX A (Partially fixed)oll 71T} ¥ (Pinned)
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Table 4. Drag coefficient for tubulars (SNAME, 2002)

Surface condition Drag coefficient
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Table 5. Variables for parametric study of DAF

Elevated weight Chord distance Leg bay height

(M'T) (m) (m)
32,500 7.0 47
36,000 75 5.0
39,500 8.0 52
43,000 8.5 5.8
46,500 9.0 6.1

Leg bay
height

|‘ Chord distance rl

Chord distance
Fig. 9. Schematic for leg members.
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Fig. 10. Variation of DAF according to {2, SDOF vs. MDOF.
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parameters.
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Fig. 12. Effect of damping coefficient on DAF calculation.
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Fig. 13. Trend line of coefficients in Equation (6)
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Fig. 14. Correlation analysis result between MDOF method and

the proposed empirical formula.
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Table 6. Comparison result of modified formula and existing method

with damping coefficient of 5%
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