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This paper summarizes the characteristics of solution forms for the structural morphogenesis for free-form
RC shell and grid shell obtained by genetic algorithms with immune system (ISGA) considering the
diversity of solution. Free-form shells are described with non-uniform rational basis spline (NURBS)
representation.

Chapter 1 explained the use of decent solutions to be sets of rational structural form will stimulate the idea
of an architectural designer and a structural engineer. The decent solutions have comparatively high
evaluation containing a global optimal solution and local optimal solutions, and maintain diversity of
solution on the design variable space. The importance of clarifying the influence of structure types and
parametric surface on decent solution forms is explained.

Chapter 2 explained discretization formulation for beam and shell elements in the finite element method.
In addition, stress constraints on structural morphogenesis for grid shell and RC shell are explained.

Chapter 3 explained parametric curved surface used to represent free-form shell. In this paper, NURBS is
adapted because of its high flexibility, and it is shown that the represented forms depend on the setting of its
parameters.

Chapter 4 explained definition of the decent solution and the search concept of ISGA, and diversity index
of search conditions of decent solutions was defined. In addition, the algorithm of structural morphogenesis
for free-form shell with NURBS representation was explained.

In Chapter 5, ISGA is applied to single- and multi-objective optimization problem for free-form grid shell
with following three types of grid member arrangement models: 1 m interval grid arrangement, 2 m interval
grid arrangement, and diagonal arrangement. The shell shape and member selection are set as design
variables. The results of changing the order setting value of NURBS parameter are shown for each. From
numerical results, tendency of the decent solution forms is different because characteristic of mechanical
behavior depends on the member arrangement direction and density. NURBS parameter settings affect
strength of curvature of decent solution forms. The smaller order of NURBS was set, more strongly curved
shapes were included, and more variation shape was obtained.



In Chapter 6, ISGA is applied to single- and multi-objective optimization problem for free-form RC shell.
The stress constraints were applied to two types of cases: bending strength considering the allowable stress
of reinforcing bar and crack bending strength. The shell shape and thickness are set as design variables. The
results of changing order setting value of NURBS parameter are shown for each. It was shown that diversity
of solution forms is reduced by setting strict constraints, but various solution forms can be obtained by
changing side constraints (plate thickness range) to mechanically advantageous settings. The smaller order
of NURBS was set, more strongly curved shapes were included, and more variation the shape was obtained.

In Chapter 7, the characteristics of decent solution forms obtained by different structural types and
member arrangements are considered from shape comparison of solutions obtained in Chapters 5 and 6.
From the comparison of the results, it is shown that the unique decent solution form can be obtained in each
structural form.

Chapter 8 summarizes the characteristics of decent solution forms obtained by structural morphogenesis
of free-form RC shell and grid shell using NURBS by obtained results in this study.



