EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2025-07-04

SR A A L7 R3RESOSR I & B
MIERIAE — = R TRBEADERICEY 2%

L

X%, 7= / HONDA, Hiroki

2011-03-24

2011-03-24

BL(IZ)

SEBRE (Hosei University)



P3o7.5
H35-2
20(0-%3

2010 FEE (&L

HIEELRI 2 8 U7 3E5R ESO 51T X 2T RRAIE
~ZRITRIE~DER 2B A8~

Computational Morphogenesis by Extended ESO Method
 Using the linear stiffening rule

~Research on application of three dimensional problem~

BERAFERFER TEMAR BREREIFHEXK
xR B BFRE

09R5344 *% EC
FE e BEE #d%

AlE B EE 2R
wH  ORT R



Computational Morphogenesis by Extended ESO Method
Using the linear stiffening rule

~Research on application of three dimensional problem~
Hiroki HONDA

Introduction

An architectural structure is composed in the space of three dimensions, and the selection and the arrangement
of the form are important elements related to the success or failure of the design that influences use, safety,
beauty, and the lightness, etc. that an architectural structure demands directly. Architects try to think through a
basic structure of the amhitectm'ai structure, to find the most reasonable form from a possible composition of
those spaces, and express his idea and thought in the building. Finding a reasonable form from a possible
composition of the three-dimensional space needs the experience and knowledge, and needs high imagination
and creativity. | "

Itis hoped that the material that composes all structures contributes to structural strength as much as possible
for the engineer, and to flow the load directly to the base within the range where the structure doesn’t obstruct
the intended architectural function and achieves the purpose of the design. Structure is a frame that supports the
architecture, and a dynamic resistance element. In a different structural form and the form, it has a dynamic
different character, and how to flow the load to the base and how to use the material effectively is the problem
of very understanding relation the invisible force and visible form. It is thought also that it is a problem whether
to decide the shape that how to flow the invisible force effectively.

In this thesis , The rule of the biologic discipline that is called the linear stiffening rule is newly introduced into
extended ESO method. And, it applies to the three dimensional problem.

The linear stiffening rule is a rule in which the form and intensity of an organization carry out a change of state
accommodative according to change of dynamic environment.

Evolutionary Structural Optimization (ESO) Method
Evolutionary structural optimization (ESO) method is based on the idea of sequential elimination of inefficient
parts within the structure to give a structural shape that efficiently resists loads.

3D Extended ESO method is proposed through introducing isoline in order to remove defect of the original
ESO method and a bidirectional evolution dependent on the surrounding field toward the final optimal
structure, '



Linear stiffening rule
The linear stiffening rule is a rule of the living thing that changes shape and strength of the organization into
the outside power. The rule is the next expression.

E'(tvl): -v‘(r)
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l+a
E : Young's modulus of an element, i : Element number, o,,, : VonMisesstress,

o, : Targetstress, « : Factor of proportionality (¢ =0.15), ¢ : Number of steps

Analysis example

Fig.1 shows the analysis model. That model has a circular plane, four supporting points and uniformly distributed load on the top.
The purpose of this analysis is to evolve the form which has lightest weight and highest stiffness. Table.1 shows analysis condition.
In this chapter the conventional method and the method that uses the linear stiffening rule are compared.

uniformly distributed load 1kN/ni

S e,
50m _:' I 15m
8m
Table.1 analysis condition
radius 25m
rise max:15m min:8m
support condition four pinned support
50m loading condition 1kN/m on the top.
« supporting position initial young's modulus 10Gpa
poisson's ratio 0.17
Fig.1 analysis model division size x:25 y:25 z:20

Step54 Step36
the conventional method using the linear stiffening rule

Fig2 final form
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Fig.2 shows a similar final form of both
analysis.Fig.3 shows the transition of volume
and Fig4 shows the transition of VonMises
stress. When evolution advances the decrease
of volume and rising of VonMises stress is
seen by both analysis results.Fig.5 shows the
transition of young's modulus. The young's
modulus rises in the method that uses the
linear stiffening rule as the VonMises stress
rises . The conventional method is constant.

The effect of the linear stiffening rule was
shown from the comparison of these
analytical results.

Conclusion
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Fig.5 transition of young’s modulus

It was able to develop from the basic problem of two dimensions last year, and could be adapted for the three
dimensional problem in the method of having introduced the linear stiffening rule into the extended ESO

method.

It has checked that the form evolution which paid its attention to the young’s modulus has early convergence
to the final form compared with the form evolution which paid its attention to VonMises stress.
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