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Reticulated shell structures are constituted by arranging elongated members in a mesh form,
and one of the typical structures of a spatial structure. In general, its buckling and
vibrational properties are complicated, and it is known that the mechanical properties change
drastically depending on the shape of the shell. For this reason, mechanical properties and
design methods have been studied one by one for each shape of a dome, a cylinder, a
hyperbolic paraboloid by many researchers. And simple design methods are being
established. On the other hand, due to the development of 3DCAD, construction techniques,
and morphogenesis techniques in recent years, a shell with a complicated geometry called
free-form reticulated shell has attracted attention. The number of cases where the free-form
reticulated shell is used for designing sports arenas, museums, and commercial facilities is
increasing. However, there are many unexplained points about the structural performance
and the ultimate strength of the free-form reticulated shells. Therefore, in practice, it is
necessary to perform so many FEM analyzes considering material nonlinearity and
geometrical nonlinearity as opposed to a spherical dome, etc. And it is required to construct a
simple design method.

From the above background, in this research, buckling behavior and seismic responses are
investigated as a fundamental research for establishing the structural design method of the
free-form reticulated shell structures. In addition, optimization methods considering buckling
and seismic response to determine the shape of reticulated shell structures are proposed.
The content of each chapter is summarized as follows.

In the Ist chapter, the background and objectives of this study are described.

In the 2nd chapter, the buckling behavior and the seismic responses are investigated. The
shape of the reticulated shell roof is determined by shape optimization analysis aiming at
minimizing the stress against the dead load. The elastic buckling analysis and the
elasto-plastic buckling analysis are carried out in consideration of geometrical imperfections.
It is clarified that the evaluation method for ultimate strength proposed for domical and
cylindrical reticulated shells can be applied to the free-form reticulated shell. In the dynamic
behavior, a large vertical displacement is observed against the horizontal earthquake input,
and the necessity of the shape optimization method considering the earthquake was
confirmed.

In the 3rd chapter, a shape optimization method that maximizés the buckling strength of
free-form reticulated shell structures. Specifically, maximization of the estimated value of
buckling strength applying the evaluation method investigated in the 2nd chapter is
proposed. In addition, maximization of the initial yield load is also proposed. The strain
energy minimization and the linear buckling load maximization proposed past research are
carried out respectively. These optimization analyzes are performed using genetic
algorithms. From the comparison of the ultimate strength of the shapes obtained by the four
optimizations, it is clarified that the proposed method has good performance.

In the 4th chapter, the seismic responses of free-form reticulated shells are investigated by
paying attention to the response of only the roof structure. The shape optimization method




considering the seismic load is proposed. From the time history analysis of the obtained
shape, the validity of the proposed optimization method is confirmed. Furthermore, design
problems are clarified considering the critical deformation of the members.

In the 5th chapter, the seismic responses of the free-form reticulated shells supported by the
substructure are analyzed. The shape of roof structures are generated by two kinds of shape
optimization. One is generated by minimizing the strain energy with respect to the dead load,
and the other is generated by solving the two objective optimization problem for the dead load
and the horizontal load. Then a method for calculating a static seismic load simulating the
elastic response of the structure with two dominant vibrational modes is proposed. The
dominant vibrational mode is analyzed from eigenvalue analysis. The accuracy of the
proposed method is discussed from the comparison of static analysis using the seismic load
and time history response analysis.

In the 6th chapter, the summary of the present study is described.
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