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Application of the fluid-structure interaction
technique in the design of a giant sculpture
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Abstract: During the design phase of a giant sculpture, which is assumed to stand as a landmark, it turns out that its top tip

displacements under wind loads are crucial design criteria, dominating the landscape views and the structural responses. This
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sculpture is not a single structure, instead, it's composed of eleven separated but closely arranged parts, which would exert
significant influence on each other in the wind flow. So this article has developed a technology based on the concept of
fluid-structure interaction, to evaluate the behavior of the sculpture under wind loads, to ensure both its scenery and structural
performances. Firstly the coupled approach has been utilized to a single structure for validation. The numerical results of the
maximum displacement of the top tip nodes agree well with the results from empirical estimation formula. Then fluid-solid
coupling analysis on the real structure, and the displacement response characteristics of the top nodes under different strong wind
conditions are obtained. Finally the safety of the structure under different wind conditions has been assessed, and the applicabi-
lity of this sculpture in real conditions has been assured.
Key words: fluid-structural interaction; wind loads; turbulence model; nodal displacement
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Fig.3. Statistics of the rod stress ratio
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Table 1. Variation of the wind loads along the height direction

(m) H, U, v e & p. Wo w, (KN/m?)
18 14 1.21 2.36 0.864 1.00 2.456457 0.55 2.28868112
17 14 1.19 2.36 0.864 0.93 2.354505 0.55 2.15743306
16 14 1.16 2.36 0.864 0.85 2.237989 0.55 1.99897139
15 14 1.14 2.36 0.864 0.81 2.179730 0.55 1.91336724
14 14 1.12 2.36 0.864 0.75 2.092343 0.55 1.80443648
13 14 1.09 2.36 0.864 0.63 1.917568 0.55 1.60941482
12 14 1.06 2.36 0.864 0.52 1.757358 0.55 1.43435537
11 14 1.03 2.36 0.864 0.48 1.699099 0.55 1.34755576
10 14 1.00 2.36 0.864 0.41 1.597147 0.55 1.22980352
9 1.4 1.00 2.36 0.864 0.34 1.495195 0.55 1.15130048
8 1.4 1.00 2.36 0.864 0.28 1.407808 0.55 1.08401216
7 14 1.00 2.36 0.864 0.22 1.320421 0.55 1.01672384
6 14 1.00 2.36 0.864 0.17 1.247598 0.55 0.96065024
5 14 1.00 2.36 0.864 0.12 1.174775 0.55 0.90457664
4 14 1.00 2.36 0.864 0.09 1.131081 0.55 0.87093248
3 14 1.00 2.36 0.864 0.06 1.087387 0.55 0.83728832
2 14 1.00 2.36 0.864 0.02 1.029129 0.55 0.79242944
1 1.4 1.00 2.36 0.864 0.01 1.014565 0.55 0.78121472
0 1.4 1.00 2.36 0.864 0 1.000000 0.55 0.77000000
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Fig.4. Displacement statistics of the keel nodes
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Fig.5. Flow chart of the coupling process
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Fig.8. Displacement variation of the top of the
structure during the coupling process

Fig.7. Fluid model in CFD analysis
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Fig.10. Structural model of the sculpture in CSD analysis
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Fig.11. Computational domain and mesh for CFD analysis
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Fig.12. Streamlines around the sculpture
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Fig.14. Displacement of the top of each leaf in x direction
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Fig.15. Displacement of the top of each leaf in y direction
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