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Abstract

In this study, characteristics of seismic behaviors of offshore wind turbine systems using concrete-suction—type supporting
structures are investigated. Applying hydrodynamic pressure from the surrounding sea water and interaction forces from the
underlying soil to the structural system which is composed of RNA, the tower, and the supporting structure, a governing equation of
the system is derived and its earthquake responses are obtained. It can be observed from the analysis results that the responses are
significantly influenced by soil-structure interaction because dynamic responses for higher natural vibration modes are increased due
to the flexibility of soil. Therefore, the soil-structure interaction must be taken into consideration for accurate assessment of dynamic
behaviors of offshore wind turbine systems using concrete-suction—type supporting structures.
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Table 1 Properties of the tower

Node Height Diameter | Thickness | Lumped
(m) (m) (mm) mass(kg)
1 0.000 5.460 48 3500.0
2 0.140 5.460 48 7.0
3 2.508 5.421 48 118.4
4 4.877 5.381 38 118.5
5 7.247 5.342 37 118.5
6 9.617 5.303 37 118.5
7 11.988 5.263 36 118.6
8 14.361 5.224 36 118.7
9 16.734 5.185 35 118.7
10 19.107 5.145 35 118.7
11 21.482 5.106 34 118.8
12 23.857 5.066 33 118.8
13 26.233 5.027 33 118.8
14 28.610 4.987 32 118.9
15 30.988 4.948 32 118.9
16 31.093 4.948 32 3505.3
17 31.198 4.948 32 5.3
18 33.577 4.909 31 119.0
19 35.956 4.869 31 119.0
20 38.337 4.830 30 119.1
21 40.718 4.791 29 119.1
22 43.100 4.751 29 119.1
23 45.483 4.712 28 119.2
24 47.866 4.673 27 119.2
25 50.250 4.633 27 119.2
26 52.636 4.594 26 119.3
27 50.022 4.554 25 119.3
28 57.408 4.515 24 119.3
29 59.796 4.475 24 119.4
30 62.184 4.436 23 119.4
31 64.574 4.396 22 119.5
32 66.964 4.357 21 119.5
33 69.355 4.317 20 119.6
34 71.746 4.278 19 119.6
35 74.139 4.238 18 119.7
36 76.532 4.199 26 119.7
37 78.144 4.199 26 80.6
38 78.188 4.170 26 2.2
39 78.304 4.170 26 3235.8
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Fig. 2 Concrete-suction supporting structure
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Fig. 3 Natural vibration modes of the structural system:
not considering soil-structure interaction

Table 2 Properties of the soil layers

Layer Silty sand Coarse sand | Sandy gravel
Thickness(m) 0~22 22~34 34~55
Submerged
unit weight 9 9 11
(kN/m®)
Max. S-wave 201 267 665.78
velocity(m/s)
Equivalent
S-wave 163.23 217.33 665.78
velocity(m/s)
Poisson’s ratio 0.35 0.35 0.35
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Fig. 6 Deformation of the tower and supporting structure
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Fig. 8 Maximum principal stress in the supporting
structure including the static effects
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