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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Proposal of Swarm Intelligence with Decent Solutions Search and

Structural Morphogenesis for RC Free Form Surface Shell with Shape, Thickness and Opening

Name: Nagata Kodai

This paper summarizes proposal of new algorithms obtaining various forms with diversity in structural
optimization and effectiveness of structural morphogenesis for RC free form surface shell with shape,
thickness, and opening.

Chapter 1 shows opening is an important design condition for the RC free form surface shell, and it is
desirable to treat opening as a design variable similarly to the shape and shell thickness applied to
conventional structural optimization. In addition, the shape optimization for structural form having a strong
relationship with the mechanical behavior and the shape is necessary to maintain diversity of solutions
search, and concept of the solutions search method used in this study is explained.

Chapter 2 organizes a past methods have been proposed as solutions search method for structural
optimization. Heuristic methods which are getting inspired by a behavior of living creatures in nature are
focused. Especially, the features of computational algorithms for the swarm intelligence increasing attention
in recent are shown. In addition, among the swarm intelligence in which various methods have been
proposed, PSO (Particle Swarm Optimization) and ABC (Artificial Bee Colony) adopted in this paper is
explained about the validity paying attention.

Chapter 3 shows definition of decent solutions in single- and multi-objective optimization problem and
significance of using the decent solutions, and new algorithms to search the decent solutions using PSO and
ABC are proposed. The basic idea of clustering technique, selection of high-ranking particles and
preservation of solution candidate particles has already been shown, and they were adapted to PSO and
ABC.

Chapter 4 explains discretization formulation for Kirchhoff element and Mindlin element (MITC element)
as shell elements in finite element method and parametric surface as a shell form representation. Especially,
it is clarified that the influence of finite element divisions and difference of shell elements in structural
analysis. In structural optimization, it is shown that the number of control points of parametric surface is
related to shell shape representation by numerical calculation example. In addition, a method of expressing
openings and stabilizing structural analysis for quadrilateral shell elements is proposed. Furthermore, for the
solution obtained by the structural optimization, a robustness judgment method as a method to evaluate the
structural stability is shown, and how to set the parameter is examined.



In Chapter 5, as a basic shape optimization problem of RC free form surface shell structure, two proposed
decent solutions search methods are applied to single- and multi-objective optimization problem with a
rectangular symmetric flat plate as an analysis reference model. The shell shape and thickness are set as
design variables. From numerical results, the property of solution search which are different from the
parameter characteristics of the proposed methods are shown. In addition, the characteristics of obtained
forms for various objective functions were clarified from comparison of the global optimal solution or
Pareto optimal solutions. Moreover, effect of shell elements selection is examined by comparison with
obtained forms by structural optimization and structural analysis using not only the Kirchhoft element but
also the MITC element.

In Chapter 6, structural optimization problem for RC free form surface shell with opening in addition to the
shell shape and thickness is proposed. The geometric and arbitrary shapes are assumed as an opening shape,
and the global optimal solution form and decent solutions forms are compared. From the obtained results,
effectiveness of structural optimization for RC free form surface shell with opening is shown, and the
problem for convergence of solution search by setting an opening as design variables and for excessive
stress around an opening is clarified. To solve these problems, an improving algorithm of solution search
methods and new constraints are proposed. From numerical results, it is shown that these proposal methods
can obtain forms more reducing objective function value, bending moment and tensile stress. In addition, a
new structural optimization problem setting objective functions to obtain various decent solutions at the
same time is proposed. As the analysis model, not only rectangular flat plate model but also the model
having a boundary part of an arbitrary shape is set. From numerical results, significance of the proposed
decent solutions search methods is shown by comparison with the solution form obtained by a conventional
method, and the proposed structural optimization problem is verified about effectiveness.

Chapter 7 summarizes characteristics of new proposed decent solutions search methods and effectiveness of
structural optimization for RC free form surface shell with shell shape, thickness and opening at the same
time by the obtained results in this study. Furthermore, the applicability of each best solution search method
for various optimization problems is shown, and how to use of multiple decent solutions search methods is
described.



