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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Structural Morphogenesis for Steel Frame Structures by Using Genetic Algorithms

and Its Applications to Structural Design

Name: Wada Daisuke

This thesis mainly shows the optimization design method for steel frame structure buildings that utilized
structural morphogenesis using genetic algorithms, and the effectiveness of the optimization design method
is clarified by applying this method to some structural models.

Chapter 1 describes the background and purpose of this study. It is explained the possibility that

structural morphogenesis is effective design support tool against diversification of building design for a
spread of digital design tools. Furthermore, the importance of both establishment of design methods tool
using structural morphogenesis and evaluation function about structural feasibility is showed.

In Chapter 2, a optimization design method using structural morphogenesis is proposed. Target buildings

are steel frame structures. It is summarized a requirement performance of steel frame structures in seismic
design and a role of structural morphogenesis in optimization design method that make form decision by
two-step evaluation is clarified. Next, Evaluation function using optimization design for building structure,
for example design load, allowable stress design are showed, Robustness analysis and liner buckling
analysis are also formulated which are mainly used second evaluation step. In addition, the evaluation
function considering a manufacturing and a constructability of curved surface structure that can be used as
one of the function handled in structural design is formulated.

Chapter 3 described the formulation of the structural optimization problem and the structural

optimization method using in this study. In this study, single and multi-objective optimization problem are
applied structural morphogenesis. Then a characteristic of solutions obtained each optimization problems is
explained and a importance for structural design to using obtained solutions including not only global
optimal solution but also decent solutions that have comparatively high evaluation is showed. A calculation
algorithm and its characteristics of the genetic algorithm methods SGA, SPEA2 and ISGA using in this
study are also explained.

Chapter 4 shows discretization formulation for the frame structure. A structural analysis is a finite

element method by beam element. In addition, a technique expressing curved surface structure and each
member area by using a parametric surface is explained.



Chapter 5 persents a optimization design analysis for steel frame structure by using the three type of

genetic algorithm methods. Analysis models use arch model, two dimensions truss frame and rigid frame. It
is showed a design procedure from choice of structural optimization method depend on problem and setting
of a structural optimization problem to decision of structural form. In numerical results, it is confirmed the
effectiveness as the design support tool of structural morphogenesis method. At first, the optimization
design of curved surface structure having a tunnel shape that is applied with the single objective
optimization problem shows. The target building of which the structural design was decided by the
numerical results was constructed in 2015. On a decision of structural design that satisfied both of the
design and the structure, optimization design method using single objective optimization of which the
limitation condition is paid attention to design condition by the designer is applied. In addition, the
production and construction contents before form decision to the realization of the building are explained.
Next, the optimization design of two dimensions truss frame structure as a basic problem of the
multi-objective optimization is showed. Optimization problem sets total member area minimization problem
as basic problem in structural design and confirmed the effectiveness of the optimization design method for
the economic design. Finally, the design of rigid frame structure assumed a low-rise building that is applied
structural morphogenesis is showed. In a design of low-rise building, new objective function about building
planning and original form expressing role are proposed. These analysis results show that proposed
optimization design method can be obtained various structural form that satisfied the plan, the structure, and
some design conditions. Obtained structural form by structural morphogenesis can be utilized for structural
design by using optimization design.

Chapter 6 persents a structural morphogenesis and optimization design analysis for steel frame grid shell

structure. In this analysis, evaluation function considering a manufacturing and constructability is suggested
as objective function or design condition in structural optimization problem, and optimization design
method is applied to form decision of curved surface structure as design tool that can be used to obtain
structural forms that are improved the manufacturing and constructability factor about curved frame
construction. First, basic problem is set. In numerical results, it is clarified that this proposed function can be
used as the objective function or design condition in structural optimization problem and discussed about
geometric features of solutions obtained by this function minimization problem or set this function as
constraint condition. Next, parameter study about judgement of robustness concerning this function is
performed and it is showed that the robustness both of the structure and the constructability can be
calculated at the same time. Furthermore, the analytical model is set a free surface shape model.
Optimization design method is applied based on the finding obtained in the basic problem. Numerical results
show that it is possible to obtain a structural form that satisfied various design conditions for example the
design, the dynamics rationality, the production, the constructability and the structural stability. It is
confirmed the effectiveness of optimization design that using structural morphogenesis as design support
tool of grid shell structure.

In Chapter 7, a conclusion of this study is summarized in the results of optimization design that is

showed at 5 and 6 chapters using the suggestion in 2-4 chapters.



