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A Study on Evaluation of Wind Loadings on

Large-span Light-weight Structures by using Vortex Method
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Abstract :

Japan is well-known as an earthquake-prone country. At the same time, it is also attacked by
many strong winds, including four typhoons landed every year. Economy loss due to strong winds in
fact exceeds that due to earthquake. In this study, we focus on light-weight long-span structures.
Light-weight structures are able to cover a large space with small amount of materials, and thus,
they are widely used for public structures, e.g., sports stadiums, shopping malls etc. Due to its
light weight, and accordingly long natural periods, this kind of structures is sensitive to strong
winds instead of earthquake. They behave large deformations while subjected to strong winds, and
this would change the wind loads acting at the structures. For such interaction, computational fluid
dynamics (CFD) can help a lot in understanding. For a long-term goal, we are to develop novel
methodologies for evaluation of dynamic effects of wind loadings acting on light-weight structures.
For conventional CFD, it is necessary to remesh the computational region so as to take account of
large deformation of the light-weight long-span structures. However, the remeshing process is very
costly. To solve such problem, we adopted vortex method. Vortex method is a mesh-free method,
the boundary as well as the computational region are modelled by (point) vortices, so it is good at
dealing with moving boundary. Furthermore, vortex method is efficient in the sense of no need to

solve the coupled equations in terms of velocity as well as pressure. In particular, in this study, we
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are to summarize and develop the basic theory for vortex method, and then to evaluate its potential

in dealing with large deformation of the long-span structures by using several numerical examples.
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