Creating Diverse and Competitive
Structural Designs
via Topology Optimization

Yunzhen He, Kun Cai, Zi-Long Zhao, Yi Min ‘Mike’ Xie
RMIT University, Melbourne, Australia

® RMIT

UNIVERSITY
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How to create and
designs without changing loading or
boundary conditions?

— topologically different
— structurally efficient




Philip Yuan’s 2019 footbridge (metal printing and composite weaving)

(Our BESO software, Ameba, was used for the form-finding)




> This study was based on the Bi-directional
Evolutionary Structural Optimization (BESO)
method, but most of the tactics can be applied to
other optimization methods, such as SIMP, Level Set

» ESO method (Xie and Steven, 1993)

» BESO method (Querin, Steven, Xie 1998;
Huang and Xie, 2007)




Tactic 1:

Changing parameters in the optimization

algorithm
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The overall stiffness differs by less than 1.4%




Tactic 2:

Penalizing existing design(s)




Qatar Convention Centre

(by Arata Isozaki, Mutsuro Sasaki and co-workers)

Extended ESO method was used for form-finding
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BESO process










The overall stiffness differs by 9.1%
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The overall stiffness differs by 3%




Tactic 3:

Using constraints as the design driver










The overall stiffness of the bottom design 1s 12% lower




Specity Non-design Domain

The overall stiffness differs by 7%



Penalizing Part of the Design Domain

The overall stiffness differs by 4%




Tactic 4:

Introducing some random holes in the

initial design domain




F=100 N




These holes are allowed to be filled, 1f necessary




The overall stiffness differs by 2%




Tactic 5:

Combining BESO with Genetic Algorithm

Applying and to elements so that

their sensitivity rankings are altered
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Genetic Algorithm

The overall stiffness differs by 1.5%




Conclusions

» We have proposed and demonstrated several
simple and effective tactics for achieving
topologically different and structurally efficient
designs

» Such diverse and competitive designs are of
practical importance to architects and other
designers

~ The same tactics can be applied to other topology
optimization methods
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