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HOW WE DEFINE STRUCTURAL FORMS

Mamoru KAWAGUCHI

Member of JSCE, Professor Emeritus, Hosei University
President, KAWAGUCHI & ENGINEERS Co. Ltd.
(Yoyogi 3-2-7-601, Shibuya, Tokyo 151-0053, Japan)
E-mail:mk@kawa-struc.com

The first thing that an engineer should do in his structural design is somehow to define the
form of his structure in its surroundings. The structural form that is thus defined should
be as satisfactory as possible in terms of function, safety and esthetics, as Vitruvius
demanded more than two thousand years ago. These requirements produced many classic
forms for structures, and even today we often use such forms in design of our structures.
However, thanks to the development in structural engineering and computer technology,
we also have other means of defining the forms of our structures today. In the present
paper a few examples of computer-aided designs are first presented to show how the
structural forms are defined by use of computers. Some examples of “Structural
Morphogenesis” on the basis of optimization technology are also exemplified in
comparison with the results of ordinary design methods. Different design themes can also
be very important motifs in defining our structural forms. This issue is discussed in the
sections that follow. Structural themes which were pursued by A. Gaudi and H. Isler to
define rational forms are very famous. A few examples of Kenzo Tange’s works in which
traditional themes played very important roles to define the structural forms of his
buildings are explained. The design themes can sometimes be expressed in implicit ways,
as in the examples of Fuji Group Pavilion designed by Yutaka Murata, where he presented
only the geometrical principles which govern every geometrical detail of the structural
form. Social themes can also be motifs of structural forms, which is explained by way of
examples of a footbridge of granite stone and a communication tower designed for a
“science city” in the year of first understanding of human “genome”.

Key Words: structural forms, computer-aided design, structural morphogenesis, design themes

1. INTRODUCTION

One of the most important tasks in structural
design has been to define such structural forms that
are rational, often economical, and esthetically
satisfactory for each given design project. In the
long history of structural design this requirement
has given birth to well known structural forms such
as arches, domes, rigid frames, trusses, shells,

funicular patterns with their innumerable variations

and combinations. In classical designs most of such
forms have been defined as parts of basic
geometrical shapes like circle, parabola, catenary,
cylinder, cone, sphere, EP, HP, etc. for the sake of
analysis, communication between engineers and
architects, and transmission of design information
to fabricators and contractors.

Today we still use this type of definition very
often for design of our structures, but with



increasing use of computers we have also become
able to define the forms of our structures in
different ways from those described above, that is,
computer-aided definition of structural forms.
Another important issue in definition of structural
forms is the Theme of design. A series of designs
attempted by A. Gaudi and H. Isler, for instance,
contain a theme that the structural systems should
meet the natures of materials used in masonry and
concrete structures.

Another example of theme incorporated in
structural forms can be seen in the design of
Architect Kenzo Tange who attempted to add
something to flavorless architectural design of
International Style. In the following a few examples
of the recent trends in computer-aided form
definitions are introduced, and then some other
examples of definition of structural forms will be
explained on the basis of the experience of the
author.

2. COMPUTER-AIDED DEFINITION OF
STRUCTURAL FORMS

(1) Tianjin monument

A few years ago the author was involved in the
structural design of 50m high cast steel monument
in Tianjin, China, designed by A. Isozaki. In this
design most of defining work of the monument was
done by operation with computer (Fig.1).

If an arbitrary curve is drawn on a plane
including a vertical line, and the plane is rotated
around the line, the curve makes an envelope of a

(d)

52,714

spindle shape. The intersection of the spindle and
the horizontal plane draws a circle on the horizontal.
If a spiral drawn on the horizontal starting from the
center of the circle is projected upward on the
surface of the envelope, a spatial curve is produced
on the surface (a, b, c). If the phase of the spiral is
shifted by some degrees on the horizontal, another
spatial curve that is congruent with the previous one
is obtained (d). Connecting the two spatial curves
by a group of horizontal lines, a spatially curved
surface may be resulted (e). By mirroring the spatial
surface in respect to a vertical plane including the
axis, a pair of symmetrical twins are produced (f).
Finally the whole shape is cut out at a desired
height to obtain the principal form of the monument
(9).

The above procedure is quite appropriate to
produce the form of a monument, since with this
method we can obtain an unexpected, peculiar
shape that can be a candidate for a new form for a
monument. By changing the fundamental geometry
of the envelope and the spiral, innumerable forms
of the envelope are produced, until the architect
selects one of them.

The above procedure is purely geometrical and
it guarantees nothing about structural requirements.
So the obtained form is subjected to structural
examinations. It is convenient that the data for the
geometrical information of the form can directly be
inputted into computer for structural study. The
distribution of the necessary thickness and the
details of intersections are given in this process, but
there are some important parts where increase in
thickness cannot provide sufficient rigidity and

Fig. 1 Definition of form of monument



Fig. 2 “Touch & Feel” model

strength.

So the structural components which are most
effective to stiffen such portions of the structure and
do not reduce the esthetic value of the monument
are sought for. By giving suitable thicknesses to
every part of the geometrical *skeleton”, and
incorporating necessary stiffeners into the structure,
the final form of the monument is determined (h, i).

In the process of structural examination, a study
on “touch and feel” model” (Fig. 2) is very useful
to find out the places and dimensions of the
stiffening components. The model is also used to
understand the overall behaviors of the monument
when it is under construction as well as after
completion. Figs. 3 and 4 show the completed
monument.

(2)Computer-aided definitions of “optimum”
forms

A number of optimization methods can be used
to find candidate forms of a structure. In 2005 the
Committee on Morphogenesis and Optimization of
AlJ (Architectural Institute of Japan) tried an
interesting event of “designing” a bridge with four
different optimization methods”. The bridge was
virtually designed to span a valley in Kyushu which
was already crossed by a pretty arch bridge (Fig. 5).

The given conditions for the virtual bridge
design were as follows:

Fig. 3 Completed monument

Fig. 4 Monument, closer view

Possible Design domain: Length (Span) =260m,

Width=7m, Depth=35m

Material (Steel): Unit weight=78kN/m® Young’s

Modulus=210Gpa, Poisson’s Ratio=0.3

Live Load: Uniform load of different intensities
(3.5 - 100 kN/m?

The bridge designs obtained by different methods

are shown in Fig.6.

It is interesting to note that different methods
define different forms as optimum. Each of the
above designs is optimum in a certain sense, and
can be regarded as one of the alternative designs
which will perhaps be of suggestion in the first
stage of a bridge design, although nothing is
guaranteed by them in terms of esthetic satisfaction
or practicability. Of the above four designs one by
Mitsui happens to be closest to the form of the




CA method, Mitsui, K.% Homogenization method, Fujii, D.”

Fig.6 Virtual design projects for a bridge (CG by Futai,H.)

actual bridge. “Tensho-Ohashi”, the actual bridge of 3.FACADE DESIGNS BY OPTIMIZATION
arch design which was awarded the JSCE Tanaka AND BY NORMAL METHODS

Prize in 2000, is no doubt rational and esthetically In this section two examples of facade design

satisfactory. one done by means of computational optimization
and the other by a conventional method, are shown.
The first example is a commercial building near
Osaka designed by H. Ohmori et al.” (Fig. 7).

Fig. 7 Facade design by XESO method® Fig. 8 Fagade design by normal method (Architects:EASTERN)(Phto: Y. Suzuki)



This five-storied building has two walls, facing
the south and west, that are open to the sight, and
the designers attempted application of their
extended ESO method. The walls act as bearing as
well as shear walls. In the process of computation
the location and dimension of the openings for
entrances are artificially controlled by the designers
to meet the functional requirements. Different steps
of computation give different possible structural
forms of the walls, and the designers are in the
position of selecting any one of them that they think
most favorite from functional and esthetic
viewpoints.

The second example is a three-storied apartment
house in Kyoto designed by Eastern Design Office
(Fig. 8). In this case the designers did not pursue
“optimum” structural design, but they sought for a
design that was “practicable” in all aspects,
following quite a normal design procedure.

Namely, the architects made their wall design,
taking into account all the functional requirements,
tastes of the clients, possible structural requirements
of the engineers and, of course, comfort of the
tenants. Through ordinary communication with the
structural engineer who thought much of the
architects’ idea, they came to the final design (Fig.
8) which was satisfactory in all the architectural and
structural aspects, and economical as well.

In the process of design the architects and
engineers used computers to the maximum extent in
mutual exchange of design data, drawing and
computation, but they did not use them for
“optimization”, since they were confident that by
means of “normal” approach they could reach a free
form design that they thought sufficiently practical,
if not “optimum”.
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Fig. 9 Kagawa Prefectural Office

4. DESIGN THEMES IN DEFINITION OF
STRUCTURAL FORMS

(1) Structural themes

An example of the most popular themes in
structural design may be that materials should be
used in compression in masonry and concrete
structures. This theme led A.Gaudi and H.Isler to
such experimental definitions as inverted hanging
arches and suspended mesh shells to obtain
optimum forms. Another structural theme may be
that longer metal components should be in tension
to avoid buckling, which gave a good reason for
definition of Pratt type truss girders. The theme of
static clarity gave birth to the conceptual forms of
Gerber girders and three-hinged arches.

Those examples are so well known that it may
not be necessary to illustrate them here.

(2) Traditional themes

Local traditions can sometimes be very
important themes in defining structural forms. A
few of the most sophisticated examples may be
found in the works of Kenzo Tange. Tange had been
trying to incorporate the flavor of local tradition
into so-called international style in which building
forms were similar everywhere in the world and
prosaic.

In design of Kagawa Prefectural Office (Fig. 9)
which is today evaluated as one of his masterpieces,
Tange attempted to define the form of his concrete
structure in relation to the structural system of
Japanese traditional buildings (Fig. 10). He
designed deep balconies around the main body of
the office, and made an attempt to express the
cantilevering floor joists of the balconies like rafters
in traditional temples. This design concept was

------------------------------------
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Fig. 10 Pagoda of Daigoji Temple
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Fig.11 Gymnasium 1 of Yoyogi Stadiums

comprehensible to everybody, and it was jointly
possessed by his structural engineers and builders,
which led to a very successful result.

In Yoyogi Stadium (Fig. 11) for the Tokyo
Olympics, another example of Tange’s masterpiece,
one of the most important design themes was
expression of the grand roof. Although the
structural system of the roof was a hanging one,
Tange chose to express it like a solid grand roof
rather than a more flexible cable network as seen in
the works of other architects like Frei Otto.
Expression of grand roofs has been an essential
design effort in traditional buildings in Japan (Figs.
12, 13), and the theme presented by Tange was
directly accepted by the structural designers and
builders with sympathy, again leading to a great
success.

(3) “Let it be” principles
Themes for structural forms need not always be
described in an explicit way. It can be presented in
an implicit way as well. The late architect Yutaka
Murata sometimes took such a design policy. He
specified his themes only in the form of geometrical
principles, and thought that the structural shapes
would be automatically resulted by natural law.
Murata called this method “Let it be” principle. In

Fig. 14 Fuji Group Pavilion of Expo’70,

T ——

Fig.12 Toshodaiji in Nara

Fig.13 Daigoji in Kyoto

design of Fuji Group Pavilion for Expo’70 in
Osaka® (Fig. 14), for instance, he defined the shape
of his air-inflated structure as follows.

Draw a circle of 50m in diameter on a plan.
The area shall be covered by sixteen air-inflated
tubular fabric arches each having a diameter of 4m.
The two central arches are semi-circular, standing
parallel on the circle in plan. The remaining
fourteen arches have the same length as the first
two, and they also stand on the circle to form the
structure from the center toward the edges of the

?&QXQHE;E&I?
- = v __ = =] ‘5\

Aerial view and drawings



building. The springing of every arch should be
vertical, and they should keep the continuous
contact with the adjacent arches. The above
requirements perfectly define the form of the
structure. Since the distance between the two legs
of an arch becomes shorter when it goes further
from the center, the height of the constituent arches
having the same length becomes higher toward the
ends of the building. The upper parts of the arches
are also pushed outside by the foregoing ones,
producing a controlled but unprecedented
three-dimensional form.

Although the final geometry of the structure
was not defined in an explicit way in the design
documents (except very rough ones), the above
principle is sufficient to define essential nature of
the form, and the resulting forms of constituent
arches and the whole structure can be obtained by
computation.

(4) Social themes

Social themes can often be good motifs for
defining structural forms. Social themes are
normally rather arbitrary, and do not look to have
anything to do with structural forms. However, it is
often possible to find something that is particular to
the place and time (historical) of the construction of
the structure, and suggestive in defining the form of
the structure. In the following a couple of such
examples are explained.

a) “Inachus” bridge

Some ten years ago, the author was involved in
design of a footbridge in Beppu. The City of Beppu
is located at the north east coast of Kyushu. Beppu
is famous for its hot springs and beautiful scenery.

In the west part of the city is located a spacious
park named Minami-Tateishi-Koen. As an access to
the park from the north, the Mayor of Beppu City
wanted to have a pedestrian bridge which crosses a
river running along the edge of the park. The span
to be bridged was 34 m. Since the construction site
of the bridge was a wonderful scenic point,
commanding an open view of Beppu Bay to the east
and a mountainous scene of Tsurumi Peak to the
west, the Mayor asked the author to create a
uniquely beautiful bridge there.

In the process of discussions with the Mayor
and the staff of the construction division of the city,
the author noticed that Beppu has a sister city in
China named Yantai which exports granite of
excellent gquality. He also realized that the city of
Beppu has been importing granite from Yantai for
pavement of the sidewalk in the streets.

Then it occurred to the author that it might be
worth-while to use the granite as a structural
material of the bridge which he was to design, in

promotion of sisterhood between the two cities.

General view

Schematic view

Fig. 15 *“Inachus” Bridge

Laboratory tests on the granite for the pavement
proved that the stone was superbly strong and stiff
(compressive strength: 130 N/mm?  Young’s
Modulus: 3.0 x 10* N/mm?) for structural uses. The
author decided to use the Yantai granite for the
upper chord of his bridge.

The bridge was designed to have a lenticular
shape with an arched upper chord and a suspended
lower chord, which is sometimes called a
“suspen-arch.” The author designed the granite
upper chord not only as the principal structural
member but also as the deck on which people
directly step when they cross the bridge.

It consists of 78 blocks of granite 40cm wide
and 25cm deep with a varying length from 2.6m to
3.6m. Through the holes drilled in the center of the
depth of the granite blocks, 5 prestressed cables are



arranged in the longitudinal direction, parallel to the
bridge axis. After the joints between the adjacent
granite blocks are secured with filling mortar, the
whole upper chord is prestressed to produce a
literally “monolithic” structural member.

The lower chord has the longitudinal shape of a
funicular polygon which is almost symmetrical with
the upper chord. It consists of steel plates arranged
into a chain. The upper and lower chords are
connected to each other by means of web members
consisting of steel tubes arranged to form inverted
pyramids.

The web members are constituted in a manner
which the author calls an “open-web truss” or
“incomplete truss”, in which the web of a girder is
not closed by a repetition of lattice members as in a
normal truss. The author has been using open-web
trusses in several designs of his recent works.

In open-web trusses bigger bending moments
naturally occur in the upper chords especially under
non-uniform load, compared to normal trusses, but
in many cases the upper chords have a marginal
capacity to accommodate these additional bending
moments. Taking into account the savings in lattice
members and connecting details and esthetic
advantage of a simpler appearance, the author
believes that the open-web truss has a good raison
d’étre in structural design.

The bridge was named “INACHUS” (the name
of the God for the river in the Greek myth) through
a naming competition among the citizens of Beppu.
b) Genome tower
In 2001 the author was asked to design a 20m

)

Fig. 16 DNA Model

Fig.17 “Touch & feel” structural model”

high wireless communication tower for the sake of
disaster prevention in a city named Harima
Scientific Garden City in Hyogo Prefecture. This
new city was founded in 1986 with the purpose of
establishing an ideal city where people would live
in a good harmony with nature and science. The
city was then developed by introducing excellent
academic research facilities and high-tech industries
init.

One of the most important facilities of the city
was “SPring 8”, a world-largest accelerator to
produce electron beams of huge energy ( 8GeV ).
Using the strong beam produced in the facility
researchers can investigate the structures of matters
including protein to a great precision, of which the
city is very proud.

In February of the same year the International
Human Genome Sequencing Consortium published
the first draft of the Human genome in the
international scientific magazine “ Nature”, which
was regarded as the first complete understanding of
the human genome.

The author thought that this social theme was
very timely and suitable to the city for which he
was going to design the tower. He thence decided to
materialize in his tower design the molecular model
of DNA which was constituted by two sugar
phosphate backbones in the shape of helices which
were connected with each other by base pairs (Fig.
16). Although a pair of helices alone are not capable
of resisting lateral forces, he found that those
backbones in a congruent twin helical shape with
horizontal struts connecting them would act as
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Fig. 18 Built “Genome” tower



effective shear members of the tower against lateral
forces, when they were designed with subsidiary
thin tension members connected to them. Bending
of the tower can be absorbed by prestressed vertical
outside cables and the central column as in usual
structures.

Then scaled models” were made as the author
often does to intuitively check the results of
calculation (Fig. 17). They were “touch and feel
models” as he had named to see if the human sense
of touch coincides with the results obtained by
computation. In the present case scaled models of
1/20 were produced’. Fig. 18 shows the realized
“Genome Tower”.

5. CONCLUSIVE REMARKS

In the present paper it has been first shown that
computers are conveniently used to define the form
of a structure as in the example of Tianjin
monument, where the basic rule of producing a
geometric form and the parameters involved are the
defining factors of the form.

Optimization methods explained in the
examples of virtual bridge design are also
conveniently applied to obtain design alternatives
which have certain kinds of optimum nature in
them. In this case the proposed design forms
themselves are the interfaces between architects and
engineers, since these design alternatives can be
the common clues for them to develop their ideas
towards the final design.

Sometimes a normal design method gives freer
form than a method based on an optimization
principle as we have seen in the wall design
examples.

When a clear “design theme” is jointly owned
by an architect and his engineer, it will be the most
reliable interface between them. Themes based on
structural principles are examples of such
interfaces.

A. Gaudi and H. Isler played the dual roles of
architect and engineer in their design activities, but
the theme that the structural forms should be
suitable for the nature of materials was an essential
interface between the two roles.

Traditional themes can also be important
interfaces to be jointly owned by architects and
engineers as seen in the examples of Kenzo Tange’s
typical works like Kagawa Prefectural Office and
Yoyogi Stadium.

Design themes can be presented in an implicit
form as in the case of Fuji Group Pavilion in
Expo *70 where Y. Murata described only the basic
idea of geometric requirements that completely
specified the form of his air-inflated building.

-11 -

Social themes can also be excellent motifs of
structural forms. Two examples, “Inachus” Bridge
and “Genome” Tower, have been explained in this
connection.

To conclude the present paper it should be noted
that no design methods can guarantee the esthetic
quality of structures. With or without the aid of
computers architects and engineers should always
try hard to make the most of their abilities to
examine if their structures are really rational and
beautiful.

REFERENCES

1) Ohsaki, M.,.Mitsui, K. (editors): “Seminar on Generation
and Optimization of Structural Shapes” (in Japanese), AlJ
Committee of Generation and Optimization of Structural
Shapes” Jan. 2005

2) Ohsaki, M., Swan, C.. “Topology and Geometry

Optimization of Trusses and Frames”, in Recent Advances in

Optimal Structural Design, S. Burns (Ed.), ASCE, pp.

97-123, 2002

Cui,C., Ohmori,H. Sasaki,M.: “Computational

Morphogenesis of 3D Structures by Extended ESO Method”,

IASS Journal, Vol. 44, n.1, pp.51-61, 2003

4) Mitsui,K., Sogabe,H.: “Autonomous Generation of
Three-Dimensional ~ Structural ~ Systems by  Cellular
Automata”, WCCM VI in conjunction with APCOM’04,
Beijing, Vol.1, pp.327-332 (2004)

5) Fujii, D., Chen, B.C., N. Kikuchi,: “Composite Material
Design of Two Dimensional Structures Using the
Homogenization Method”, International Journal for
Numerical Methods in Engineering, VVol.50, pp.2031-2051,
2001

6) Kawaguchi, M.: “Pneumatische Konstruktionen”, in “Der
Umgekehrte Weg”, Rudolf Miller GmbH, pp. 7-27, (arcus
10) 1990

7) Kawaguchi, M.: “Physical Models as Powerful Weapons in
Structural Design”, (keynote lecture, KL-01, pp. 1-8) Proc.
IASS Symposium on Shell and Spatial Structures from
Models to Realization, Montpellier, 2004

3)



-12 -



andy L WIEEEROMEAT AL 2006 H AR g o
yamazaki@t.kanazawa-u.ac.jp
1
20
2.1

2.1

206

500

-13 -



2.2

Wolff

- 14 -



15

5.1

co,

-15-

FRP

2)



Murray

3).4) 2
rn'=n+r' ry n,n 2
Y 2S’YS3 Y= 3
vy =2.7
2.9 r’/sin@ +8)=r; /sind) =r’ /sing)
y=2.5 2
5.2
D)

6)

-16 -



Mattheck

-17 -

7



fff[l

UNE

X\UEE

\/\\

SRR
RN

N\
S
AN

X i TN

(d)

(a)

NHK

1999

1997

1992
Scaling in Biology, Oxford Un

ty Press, 2000.

1Versi

West

Brown & G.B.

J.H.

1995

2000

C. Mattheck, Design in Nature, Learning from Trees, Springer, 1998.

1.26%

o
2
<
-
5]
£
=
E
S

- 18 -



aufx UL HEEREOMT &AL 2006

o
il

4






anXky s HIEREOMAT A4 2006

HARE

i
1
bl

= OmEB Y, mEkE iz Y
1) B AR A PE T B s ) TR, Bh#s2, T, k7mitsui@cit.nihon-u.ac.jp
D)EM TR RPERT AR, #P2, T, sogabe@aitech.ac.jp

1

HEOREREIL, K& X, Bk, hARev—o
3 ODEGM MBI TE D, RE IZPET HIAE
T, WELRTIUIRB720KE SZOHONFREE
& T2 D7 DAY DI EREHEE CRE AR 5 =
ENTED, RS bR e U—2 e DRIETH G
EHOE Y MZEo TR MR e U —2 R T 256
Nob, ZOHE, FHBRSOEA D hRr Y —%%
& D T DITITRREH I OB AR 5 2 E B TE 2R,
T OFREIERNT, BB L ARSI AR ET D 2
Ll ko ThambRE s LCEiban, Al vz
BERGHEYEIC L > TRES Z LS ATRECTH D, Lol &%
SO E bis-> CRIEOEMES LIINL, D
7-9DIT, BELEHORE R Y b oRs bR A )
Bl — A OEERGHBTFE A > TR Z 13 L <725,
BEHENACENT D Z 0 & 5 2WEhT, iz, Eis
7T ZLY RfmZ 7 LY ALY, I al—F
v R7=—=0 7 OX 5 R ANTEEIEATH 2
LICE S THIRT D Z ENTE B, BEENLIRON
MEZETZ LT ERS Z 8k - ¢, #dpheatt
&85 LV iR ERaEE ) RN TED—
DEEZDIEBTE A,

THRUTKE BT, Lo HEL L IR B S B
PR O DR R TFIE ™Y 2R Lo IS o
HIEEZ B2 D hSEHCH > T84, BRI
FEOFEFERNL LY —EDANBEZ B, TOATINE
B VDORT o VEHEINSH, WA WA
WTRT oy VNGRS 5 EEZD, £ LT, AT
YLD HEEEE 2 5 & B/ U B T 5 &
WIHLDOTHD, TLT, ZOTNTY XNIT VO
FATENCRIT L7 =B OEFIZET MLz D &
BERDHIENTED, 7B OEZET MELTE
Ba{b 7 /L2 AL - T, WERREARET D S F
SERMJEA L TEX D 2 AR T 2 ENZ OO B
HCH D,

-19-

2
2.1

TURNT LW ElRiIan =—%Fak L TAEET
%5, WhPLHHEMERERTH D, ZOX Dt tR R
Dan=—7TF SEIERRUUISTCT, fExOFEA
TERD D 2EOWRPERH ST D, FilxIE, AHEE
LOITENIED—2Th D, ZO%H, fflxDiTEIOM
BAERIZFEFICHMT, o7V RE L7 =aEr0
WCBWEIBY IO LOTHD, L, HEHE LT
% e, fHECOBBORED > D, FHORKAE 2 55
V) BHEREICE 2 A H L TN D Z LIl > T 5,
ZOHMADEELERIE, K1 DX S22 BT U
FIRFCHFE LT, TNEFNRT7 2 nE 2R LN LR
IRDREE AR &, IDEEE-T-T U ABMEICHRICR Y,
ZOREEEDT = aE IR 2HIRDHDT, IVELD
TVEOEDTHLICRD, | LWVHBDTHD, 22
CHEEREEZE LD T 0T D= >OMEIZER L
IR b, 20—, ERTHD, £<OT
U SEE T IUET AT EEOREN FAT S, ZoRIF
JERCCH D, HEECT D 2 & TR & DIROEESR & Al hE
2%, b DIFFHTHD, BFITL BRI
DI B XIRNT D Z ENTE D,

2.2
e taEth D&t okt LT L FAEAICHEET % 45
DN ZETEE T 5 Neumann 545 % 5, HIEL T2
JETIE G % TR E L, MG SIANF AR DR AT



BB HEEITIE, TDORANE BER M AIES
H BAIEND, EOFER, BIEEEAORT v UZ
FAIHEFOEFPMEE NS, u, Ut izE
FVERI e H OB /VOBERIFHR K, k+LIZBIT 58K T
¥V, XolZEEEEAMNDD AT, X (j=1~)TkEfFtEL
MNHEDAITTHD, £, AR EFTHITDLAT 7

»»7-
_~_\_,

OEENE, TR bR TH B,
B (o;>0F)
Xi _{ 0 (050" M

4
i=0

@

logi

©)

w=u @)

i K IZBITFART oL U ERIE & OFERZFOKR
EEIHDDLT, Ue Z0 DL SHEMIELL, yes
0 DL EMEDNHIRS S & Lz, RO)IBEBer»6 B
Y L ~OIERBELZERL, 7Y D7 =0T T
BUTHY T %, RQ)DF 1 OB 0<1- At <1 &
BB LMD, ZOTRKEAERL, 7 =rE 0k
AL T2, 552 FIASOMELERL, 7= 0%E
> DOERITHY T 5,

3

2 (7R 1000mm X 2400mm DR E HER 2360 ChRE
{1725 1000mm O FUZIEHT % 800N DffE 2 3 FFT 5
WG AT 2% RO JRPTRANC K> TERT 52 L%
E2 D, ThudEEREEME S LTR<EY R b

D HR T L— ARIRETH B O, BREHEIN X 25X 60 DIE
T THEISN, FIETEREZR 3@0 X 5 2 fHg
& Uz, ST, B D— 2% Vi S B
ETHAREREA AV, W, AT ENT, Filx
(T8 E ORI RS L, Yo /S RERT VKT
FORENTIRTED DL LTz, T2, BEREDFE

AITEE L, FITRIR I, (AR 8 X 105mm® Tdh
Y, BRIZIRD 650X 106mm’® & Hifis LT/ S 2t T
BB, IEINIAEAOBERA T 31.8MPa & A7l Z bk

-20 -

L THO TEVMEE 2> TD, 2D 5 Ik T
I, FERICAL TG PIREETH D Z L dbnd, PR
HNZIIETOEZIBNT, HDHLERIRIETI LIV DIlE
FRIGTTIRRED 8 D Z M E LUy,

7
FEHTRENR : 25X 60 /L
YU 100 GPa
800 NS ‘ 2400m  ART V03
A A X 40mm X 40mm
1000mm - /U= : 10mm

(a) Initial design (c) Final result

3

B O HBLEHIRO RFTHRTE U TAMFZE TR+
LHAEERT D &, AT v 7 EREHD TN
BLLCTHREVDMERL, RT3 (b)D K 9 IZ—ARDgE
DS, 120 AT 7 T & L CRIbL 5K 3
DRI RTEM T L—2E L T2 D, BHIVCIRT
%, ES EIEOANET 221 L7220, Xie % Y0 ESO 1%
IZR DR E BT 5,

4 3

WIZ, 3 WITOREGFHEE CARTIEZ T Li=fillz o0
THE T2, K413, MEERERORIE & bt <) —
ICEY FF HIAFBRORGELRIET, A5 260m X
M 40m X 5 & 120m DORXGEHEZ R LTV D, e —
W Im ONLFRE VTSR ET 5, BfEET54
WSS oF 12 8MPa T, ¥ 7' ZI% 200GPa, RT Y U
1303 THD, BT —ARZRENE ST RO 5340l B
20kN/m* ZER &, &HIC, Hljp EANERTE D L



INTHERNHEL L 22 iR (IR 8SmX &S 10m) 5%
F770 XS ITHHPR T, K6 1360 AT v 1281 D
TR AR LT D,

5

7 (Z5*9" 1000mm X 2400mm D% BN I8 TRE
725 1000mm O FUZIEHT % 800N DffE 2 3FFd 5
WG AT L RO RPFRANC L > TERT 22 & %
ER D, ZDE&EMEL, SHES AN LT DD 90

JEFE TR A BT D5 LB R D,

MEIE 10mm, ¥ > 73R 100GPa, "7 Y bl 0.3
T 5, JEH T=10sec & 3%, EhE AN EIMEHT 5
FEARRZLRIRAIY, WERai biTE S L TR <Y RiF S

THM T AR TH D, REHEEIET A X
40mm X 40mm D IEFHETT 25X 60 (Z57E LTz, i
L3&At=0.1sec & LTz, =2, e=1 LBIRNT B L, T
A X —a, WIAB)HIC LV ERE I, EEii=0.0693,
0=0.139 LRESND, PR E LT, XTI
BEIEIARET DALEIRRO ) DIFEA & SR %
il SSEREAX 8(a) IR L7, X 8(b)(c)l T AERGEfECTH
D, (@IIELNETSH S,

2
-~ FRHTREN : 25X 60 EL
Y73 : 100 GPa
\i /LA X ; 40mm X 40mm
800N o

W /UE : 10mm

1000mm, JEH : T=10sec

/| 000mm |

(a) Initial design (b) (c) (d) Final result

QTG LNTIEREd) L 0= 45" & LI=—EDREN
TERT A3AICB TR LN IR LT, B
NOVERT D5EOFENEIOE b E i LT b DO TH
%, FETZ, 10 [ I& 5N 7-IEREd) & KR A Rl — & L7z
REFHR LK LT, JAEBNIOER T 2356 OS5
NOFALE I LIZ b DO TH D, AFETHLN
(DPMBDOFZREIZ I LT, JAHIF O TOSEITINT
TRVIGIPIRREZ 7R 2 L3y D, ZHUE, ARTFEDEE
PINNENEEZ G5 2 L ICERT 2R CH D, T720D,
JEHR OGO ZA IR DR E O ENEZ R



TrovxLl UCEEL, BEE AL U OBRERA
(ZHHT LU A RS DA L 2 b D TH S,

PRIZIX 11 12579 1000mm X 1000mm DR EHEEIZ 350
CIEHEI /B D 8RB 711 1000N Ofef B % SR 9 D Af1E
AT Mk BROFFHHANC K> TER TS Z L a2 E R
Do ZOLEfEIY, FREHEROEE A I ERAR
PBEIT S B XD, Fie, SEHEROLLN ETIEET
FENC B e e e — T — 3k, A NIEEE T D, S
512, BRI 10mm, Y27 RIE 100GPa, KTV i
03 L35, JE T=10sec 45, Bl % At=0.1sec
L LT, RIAX—FEENGEHE SR, ERENA =
0.0693, ®=0.139 LFESND, X 12 13EDIEREAERIE
FETH D, @QDUIHIERSAERABIESH, (DK
PEHNTZ,

1.2
—— Optimal
& --6--Case-45 .
_ A o
< ’
¥ ,
> 08 o
=z 2
1]
- .
=
- 04 <
S A
e r—e— .
T~
\.‘\‘\\0——.—!—.—._
0.0
0 0.4 0.8 1.2 1.6
O(rad)
9 45°
0.4 |
Ceeel —— Optimal
T --e--Case-V
s o .
3 N
a \\ A
2 -
Z 02 .
g R
> \.\__.———n\“o-\
‘o
o
0.1
0 0.4 0.8 1.2 1.6
O(rad)
10

13 12559 1000mm X 500mm D% EHEE BV T H
L ZVEF T 5 1000N D% KT i AT L %E

-22 -

L 1000mm FEATRENEL < 5050 B/
Y 7% 100 GPa
K7V 03
1000mm 45 ¢ =2+ 20mm X 20mm

b 1000N +/UE : 10mm

=

= ‘ - JEH - T=10sec

11

i S TR,

(a) Initial design

L
(b)

©

@

(e) Final result
12

A Do AMOSFFRIE, FHRE THBICEET 2,
BJELE 10mm, Yo 733 100GPa, K7 U HIiZ03 &
9%, JEW T=10sec &35, WA A = 0.1sec & L
o NT AZ—TEHINOEE SN, ENEILA=0.0693,
0=0.139 LEHESND,

4@ ERRR A IR & LT8R LTz,
14(b)(c)(d) () T ERGEFE L 5 DN IERETH D,



L 1000mm N Y
< 21 y
9
500mm 0 B X
1000N \\i///
X
> ¥ =
13
15
(a) Initial design

R
o= N

©

@

(e) Final result
14

7

B 15 (RS2 K OIS md ClEliAd S HE D ki
{EREZZ 2 5, mETCHEERT 52 21k, EH% 19 ©)
EE L CEMRE B AN S Z ENEETHDH, Lol
D6, WEMETNIRR & & BITEHECR LT 57201, = 8

DX D 72T F O bR U REE 72D, 3G HENDMEAT 2B HAOREIC b ATFIENH L
T, 1S IORSNDE A DR, AEEQTRER TdHDHZ & ZRTT20HITK 20, 21, 22 DEEZ R,
L, SBAx#ENEEBEIT S X ) RKEOERTH S, EE 12m, 18 8m D b7 AEEAZ NIRRT L 2ev

_23-



9

PR

- DAY /

7' 2.1x10°MPa, E B 7800kg/m’ THERL L, 4T
OHEiRIZ 1000kg OE AN LTz, MTICIZAEL
B LT, WY, {10cm?, 20em’, 30cm?, 40cny’,
50cm’} DOHINHERT D & Lz,

PAP AP AN

Xl | X

20 (€))

\
q

w
F
3
3
w
e,

b
4

4
4
4
4

w
F N
-
e
-
il
w
F

»
b
»
»

4

-
F

b4
)4

1
w
HE

w

¢

\
1

w
s,
-
il

b
b

4

F

b

vl

RRRIAKX

N

OO

AP AP AP

_IXIXIX

XX

20 ©

GRS 2 Z L2 RE LT, AHHEED

TfiEtE & EaROZERRIINGE, RGN, IR

D 4 SOEARIME 2 H 3 2 RPTHAIE V53 AT
EERR LT, $12, ZOFEE MR A bt
BICHEA L, ZOFMEEZRTZENTE L, EbIT,
CAANINE RNt el i SRR O E S S E RN M bl
T A, S8 &) EEREE S RE, H
BIDMERT 2 B EORMBE~EH L, FROZRSRME
REOD[A) I D RHHRUINEME D A2 R4 2 L 3T
&7,

AEE . ABFFED,

Sl L THEEE (PR 15

EFE~PRL 19 D 12 KV 22 SITAfiBhads LUHRIE
WA e (PR 15 FEEE~TAK 16 4R1E) 12 K DTS
ThHhoHrZL%xRl, #HEEHLDT,

1)

2)

3)

4

5)

6)

7)

8)

9)

Kis i BARAYT LT RATHS < Rifge = A
B A BT DS O Rk EHE, AAREY S
REERGRSCEE, No4d64, pp.119-127(1994)

ARERE, INEIRZ, BREL T LT Y AL
\Z R DHEM D% A Rcif b L RO ZERNE, & T
SFERSCE, 49B, pp.309-317

I ¥, Ky A —ERESWmAE 2 A5 2 i
72D hRm v— - fiRhrERRRE L, H A
FURREE R SCEE, No.521, pp.73-80(1999)

Xie, YM. and Steven, GP. : Evolutionary Structural
Optimization, Spronger-Verlag, 1997

RARHE], EE®  FEHRAFIH L2tk ESO 1%
I\ R DHEETEREDAIE, B AL s Ram SR,
No. 539, pp. 87-94(2001)

IR SRR A BAOICARCT D A — b
~ by, (BB SERSGE BT L LIEH],
Vol.44, pp.118-126(2003)

BRI, B - kg — b~ b Uc L DHE
EWO il FEE TmUE, Vol.S0B, pp.243-249,
2004

IR ¢ EIROIC ST D 4 IS EsT DS
RERIVEDT= D DR RAITFE, ARG SRR
SCEE, No. 593, pp. 73-79(2005)

PR, Bprhdth, =I5, BN, AH)
elfe, @R —35 AR ORGE - Bk, BAREYY
DGR RROAIAE & it X —. pp27-34.
(2005)



anXky s HIEREOMAT A4 2006

HABETR

REEBEEGHZEMBEABEL-ERSFX F—LDOMRKEL

A BFY, ) -2, Kk e
DG RP TR EE 2R, BT, (1), yamamoto@aaekagoshima-u.ac.jp
QYREIR R Lo ge e B, #ud%, i

4 W BRI RFBLERBE AR, %, TiE

1 [ZC&HIZ

RSO 2 R 2 A S & 5 Z &2 HBY
& LT, T EZ HROBEE S DV THIRISR M & L7k
o LRI b CD, L L ZOREDfgE b
Ko THELIIAEEM T, R U S & 72 DI
ﬁﬁ%é k#ﬁ%éhfwé”ozmiﬁﬁ%é\K

SR L LT s LRIEDRRE S E T 72 5 29,
fz‘%fﬂf’ (GES SN 5%D,ﬂ;ﬁﬂ<*k®%2*i.“ X AR
BB BN THIZERNHEEA TS, LoxL, EORHH
HBITERT v VRV —DE DS B L L
ERADNEHETH D7D, —MRIITE L LTy, —J5
T, YIRS L D R E O FIRMEZ T 55
& LT, Reduced Siffnessi: (RSEE) P LEIns
EPMER SN TND, ZiUL, BERREFEREE I
WIRPERICITEEIRT 5 & L7255 T, YRR CRERS
RE7R i CEHANRFIETH D,

AR TIE, 20 RS FEEJmfr R EAE BB L L7-H
JET7F A R—LOEREECRTEZH 5, ZOREND
15N DIRD SRR OW TR T2 2 & T,
WA REE D B85 25 18 U T- PR bk & L CoRTaENE

WZOWTHRETT 5, £72. RSEDEEIN T F A =L
~OWAME? R LIz oW T[RRI AT 5.,

2 EEDAHE
2.1 RS EERIERE & TORERK
RSEL, dHAIZ SRR A R B RNE =R
IV A HIBR UIZMEATIC X 0 . WIAASEEIC & 2
RO FIEEZHEET 27 TH 5, ILAS T RS
EOHET T AL = WS~ A W CTiRET L T
WD, SR 4) Tl RS JEEH EEREL S LT 2 DORER
R LTV, AFETIEZINLD ) bR/l ¥—
PICRINDORAEHHT 5,
c4'Kig
A =4 K ¢ @
Nl Y A A B S AL ey S A N R/ S L

B R, K EERAE~ B U 2 A K IEK | OBl
EEELELEMNIIZATHDL, QXNEAEFLO
K @/ 4" K @ 1TREEI L D LI B AR DR IRER 5L
ERL, I AT R LIRS,

(DR RS AR DRI OV TRT, A
Fa LIk R B EREZ RO TR D L5,

1
Ke+-cK, |g=0
{Uﬁ }"’

4K =1 (22)
K o St~ b U 2 2 %%, (297Ut g O
EHEAITH D, 2DREY RS IR RS I
L725,

(1)

- >
— e

A =AEK g
QREFFLLL X, THT D LR E1 5,

G

EM,* aﬂ,
oXx

9¢?

] @

U IR AR EAREAC DRREERE & SIS £
— N g ORFEREE G, ZbiE, LLFO X S ISR
%o QRERFEH X, THOT D Lk LD,

St L¢4[ L¢ 24K

]

Ko 10K, 947 1 ¢+{K Ly }aﬁ 0o 51

X /11 o 0X (4 ) A° o
T+ oK 1, 0@

—@+29 K —=0 52
v A L~ (52)
EXZREL, ROL I~ MY 7 ARIT D,

Ko+ LK, Lok, [[24) [Key, 1K,

A (4°) o | oA ()
1 S| 1
- zq KL 0 BV c

(2°) Ix; 2(2%)

EX ST VIRTFERE RS Z & T BURIRE AT R

K ORME L T — R ORFERE RO s,

2.2 NFEICL BRI UL ROTOY I xEIEE
—FRITHIE i B DE A EA BB L7k

WLRETIX, H5HE— FOEAEEZ HE S8 5 Lo

-25-



T— FOEAMENTREL., it I oA E E
B DS D, AWFFETIE RS B EFREE BAY
B L9575, RS MR EAREU (D) K 5 IS
JEMFEIRIC ) v 7 BT 7 0 R UT-HOTHD
OTEBEOEMZAT 5 (M 1a), ZOMEORE T
H BB DR B IR AR Ok LN e & 70 0 | FE
BRI R HEE Cl3Eifif 2 RO 5 Z L DEEL U,

AR TIXZ OREAE R < 7o DITHEE I RE O X B &
T 20k WS, *FEE AT DS ORI
0T, KR EFGRAD & TRBMEIE U280
D7 ay ZITHNH b SID,  ZHUZ K 0 BT
BRI RS I ER A IR R Z3ReD B D,
RS JAE i faf AR A e KL U T2 BRI 72 D )Rk oy (7 e
v Z74751) [T RS JBEJE AR EE T 5 — A DFH
RE (X 1-b) 16 LTI, HVO RS R BRI 3T
L7 DDA D5 720 Fli LOife T/ o RS
JESERFEREICANED W AVRAELTH, HEHL TS
RS JAE i nf EAREE G D & VL | - EHAEREO RS
JEE )R, ﬁi%ﬁ@mf%ﬁ_@ibtzo@Ra*/ﬁi
FRERDRTE & U TRSITRD B, (R UGy &
LT RS i BRSO BT 2 &9 RRTEIT 2 2 Tl
Wb7a,)

ARECIX, z a1V IZn/3 /50D 6 SDEllE (BHEAAS 0
DORlisAETe) &, z Al (Zr/6 FEHL< 6 DONHHIZ
KT B ERIN I U CRFR & A2 D HE T A R— A& fiRfT
LT 5 (X3, ZOMFRETREET D & Coy 1%
%Lﬁ%iﬁfvii&Aﬁﬁ&az®eo®ﬁﬁﬁ
ST BD (X2, EH, MEmOEN R T 5

DIZAHIRD XYz FOHEAY MLRFEEE LCH
WHILDLD, TIHERBIERBUCHED KO 52
&, MM TANBERIZRBI RO T v > 4T85 Ak E

AU BRI AT B RS PR AT EAREI L7 v v 71751 (BE
K#RH) BOFAEMELES 2L TRoEN5 9,
2.3 mELREDERE

WEEM OUFED—TED RO & T RS I AR
IR & I DREETARE KD D, HEEMDOFLIRI TS
SVECFR S, RIEIT RS BRI E A RN &4 A EA
JEEAE RO HREE L CTldbong (272 L, HiREED
BETE AR L, OIS E U Ch 2 ISR O % FR
PEIIRFFT 2D ET5),

HAIBIE IR ORI TR N8 725 RS JRJ it
FEERSVBE T DBy Dl s RS JRE el AR A fe K

{32560 L L, ORI 5 RS FEJE fAf
BNz Bl X ) IR 2R ET 5, Bk
OREIIRED L HIcRkRENS,

ObjectiveFundtion 4, *) — maximize

Subject to ivk =V, @)

ﬂ;(") Zﬂ;(/’)

A 1% RS IR EAREA ER L, EIRZF0()
WA DT DR E R L, FIRAT LIkFsy
DOHF T/ IND RS JEEMEFICHDH Z L A2FRT, ulx
WIHTERO B NEAEDNE L TO DR 23R T V,
Bk OFEZ ., V, ITFEERIAEE RS, A TTRRL
3{ ApA2B1, B2 ELE} DEER NG 1 HFRWZEL ERT,
RIS DAREZITRIR 2 IREHERE (SQPYE) 84 %,

(e A)

yyey
— ey

3 BUEREAT

WIHRIE A S 16m, T A X 15m OERIHE T T
AR=LETD (M3, HhiEOETEL xy ST
m ECE=/AE L5 3 5M 7Y v KL TS, b
iF@ﬁffrJﬁ%ﬁﬁﬁ L. BEATNSRAEEE 35, KR IEH
MHEIRARRT 2 BHETET /MET 5, FEHIE X
%}: L. %77 13 Xy ISR LT, 9.8KNIM? D45 A

RS Buckling Load Factor RS Buckling Load Factor

Symmetric
Design Parameter

() el A o i 1 RS P
APV S POy INRS B TERRRE
b: XHEEEET BHE

Design Parameter
A 51N RS PR BRI

a: BEDIGS

| BEfE T RS ERFEGRMNERT HHEOHE

OC
009956



EAHIRITHIRY 230 TH 2 5, S oW ~HEIT ¢ 139.8
X40mm)& L, Y r7E% 206GPa, RNT Y 03 &
%, REE R (X 3-affin 1-2[#) 12 2505m TH Y |
ZEHWTHEESNDMEIIE B2, v =/ b L SR
MNx 245 Thb, HRISMTH HREEM ORATEITYI
TER & R UL fRET 5.

Faf iz L 015G DIV A X 3 1T, £z,
PR (nitid Shape) 35 L ORIz (Find Shape)
DOHEIREE AR LITRT Ghi T o #5130 3alc
RLTHD) o BATCAROIIILIRI 6~ D A2 2
&<, FROBENEITEICT 0.192m (B 2 Yo%
DRI AFE) ThD, IR L UERATRD RS
IR R 3 2 1O, RSMEBMATEARRNL. BERFH (
KIFRALGY) FHT. BRIPEEIEAT BRI D/ NEWNE D D 2
FHECTOEARLTND (EHOFEIMNIIR LI EdE
I IE R RfT EARA RT) . RERD & IR CIX
KPR AL D 2 IRD RS FEJfaf EARE0)S 351 T, A0
FoMEE T o TG, IR T, XIFRERS) ALBoEs

'

\/

W N NN
L
)

D 1RO RSVEIEMELRENE L 720, ZOfHIZ5.34
IR OB L 15 5 ER- LW 5D, BEEE
BEREUTER LTA5 & MR TIT By 17k 858
TR/ N TH HDITx L, BT TlE B, D 1 kA3
6.05 THR/INTH D | BAIAR OB IR faf EARE T
FEREV/INEL 2o TWD, Fiz, FHIRD ALBLE
D 1IRD RS LR EAREDN 5.34 THDHDITR L, i
+ DT AR X 6.0~6.6 FREE & 534 TR ED
ZEATNE, BID, BRI RS R EAREGS F5-
% & [FIRH CHREE AT BAR A0S TRE LT V) | RSFRAT
\CKD ) I BT 7 I H ORI NSO
TERDPEZ BN TND Z EDRDND,

RIS L OEREIIRIC BT BRI — N &
4a M A4bIZENTIURT, WK, BAIIRE D
(2, ¥ VRIORREIE D L TN D 2 L D35,

WIZ, FEROMEIEZEE 2T D720l T b
TEIRES L OB ThS LTl T3 BRI AR T
ATV, ZOBEEMERICOWTHE T 5,

gl

3-a FIHATZK

3-b IR

& 2 RS BRI ERH

=1 EREEAE (Unit:m) Irreducible Initial Shape Final Shape
Initial Shape Final Shape Distance| |Representation 1st 2nd 1t 2nd

X y z X y Z || of Nodes Al 6.61 (8.75) | 3.51 (10.40)| 5.34 (6.28) | 6,54 (9.48)
Node 1{[0.00000]0.00000] 1.50000}[0.00000] 0.00000] 142138 0.079 A2 8.58 (10.45)| 14.86 (14.86)| 11.91 (13.95)[14.34 (14.36)
Node 2{[2.16506] L.25000] 1.33908][2.10951] 1.21793] 1.30405| 0.073 Bl 5.53 (10.08)| 7.24 (10.24)| 8.34 (9.99) | 6.28 (11.01)
Node 3([4.33013] 2.50000] 0.84808][4.26817] 2.46423]0.88265| 0.079 B2 8.45 (9.87) | 4.45 (10.40)| 5.34 (6.05) |10.25 (11.59)
Node 4{[4.33013]0.00000] 1.01315)/4.27513] 0.00000] 0.82949| 0.192 El 4.71 (8.58) | 7.83 (9.87) | 6.90 (7.47) | 6.22 (9.32)
Node 5/[6.49519] 1.25000] 0.34394)[6.45186] 1.23742] 0.39588] 0.069 E2 5.64 (9.60) | 4.49 (12.95)| 5.34 (6.57) | 8.35 (9.89)

OPIOBABI BRI R BB & 2

_27-



4-b RMRMIKOBBERE—F

EPSARITBT BYIARE L OBHIARO TS 7
5N L T EAREORIR (B9A 1K) 2 5a, [M5bic 6
FNERUR, P OSIAHIER 12 2 O IR A% S
HLTHY, A (EEE— ) ORT AR % 5.l ]
BHICRIA LTz, X 5a &5 & FIIIR CIaiRa ;.E 2] ]

121D E ORI LI 2 < ORI L TIFEL N
THY MREFBTCIAF 12 HOMERE— Ik LT | %%

B & 72> TD (EuBold 2 T DBERIZEH G Y . = ] e
B OB AT 2 HIICHRCh D), —7, BTk s _

(R 5b) TIRMIRAUTITHE LTV B A5 RS Dispecerert ()
FARICH AT . BFF 6 SORERE— RISk LTl B 5-a FELROLI SR FIHRAR)
RE7oTNS, () IHYRRERMTEIREIL, MY .
KT 622, FAIIRT 443 TH Y | MR ERRER D o
e L FRE, IR & 0 BERTARDIE S IV S < 2o : BLL ALY B2 gy
B, _ *] N/ \ /v

KAz, WAL, TR A RS g

X CHATAETART NG L. TR X % LN
FETTAFROIE Feds O RS FETHFRLRIL & ORISR 2

\ZOWCHHAEET %, HLENEREO ST 4aX 4-b 1

R USIPEERTE— N LT %, 7272 L. Shk oo o\
ST TS 5.2 3, B AT A A AL SO Y ey
SRR L7z, Zhud, B Gl TR 5 5-b S22 RO A HIE (BIETR)

_08-



L oad Factor

Load Factor

Load Factor

Load Factor

L oad Factor

24
14

7 —n *Al)
kmm_;‘z
v Pelagai -

-i
+i

0

1

T
-0.6-0.5-04-03-0.2-0.1 0.0 0.1 0.2
Displacement(m)

A1_1St

o

-2
3i
t

-\

-05 -04-03-02 -01 00 01 02

Displacement(m)

A1_2nd

Load Factor

< “min

perfect

5

Displacement(m)

A2_1 st

U T
0.0 0.1
Displacement(m)

B1_1St

0.2

Load Factor

-0.1

u T
0.0 0.1
Displacement(m)

Az_znd

02

0.0 0.1
Displacement(m)

B1_2nd

0.2

Load Factor

Displacement(m)

82_1 st

0 T T T ? U
-05 -04 -03 -02 -01 00 01

t T
0.0 0.1
Displacement(m)

Bz_znd

0.2

6-a-1 TERZROB G FIERK)

-29 -

Load Factor

Load Factor

Load Factor

Load Factor

114
10] 0] 8"
9+ 94
a 8 .
IS K S
i ;
i
-
44
34
24
14
0 T T T 1 0 1T}
-05 -04 -03 -0.2-01 0.0 01 0.2 -06-05-04-03-02-01 0.0 0.1 0.2
Displacement(m) Displacement(m)
A]_-Ist A]_znd
12 e = 12
114 ;‘1 114
104 10
9+ 94
8- . 8
I R ‘
6+ kmm % 6 km‘”
Gl I R P R
44 4
34 34
24 24
14 14
0 T T T 1 0 1 T
-04 -03 -02 -01 00 01 -0.1 0.0 0.1 0.2
Displacement(m) Displacement(m)
A2_1St Az_znd
12 12 kIBI)
114 ABY) 1l e mrm e ==
10 . 10
o0 _;M_l‘_B_" 9
8 . 84
1 P Z"‘l". g i R A "min|
54 parfedt S 54 pérfact
4 i 4 i
AN . [ 3
14 \ 14 ‘
0 T T 3 } 0 T } T
-04 -03 02 -01 00 01 -0.2 -0.1 0.0 01 0.2
Displacement(m) Displacement(m)
B1_1St B1_2nd
12 12 I‘ZBZ)
114 114 k‘z«BZ)
104 10 7T
9+ 94
= 8‘
5 7
% 6 Ao
S siya e T
44
34
24 24
14 14
0 T T > } 0 T T T 7 U
-04 -03 -02 -01 00 01 -05 -04 03 -02 01 00 01
Displacement(m) Displacement(m)
BZ_-Ist Bz_znd

6-b-1 FERDPIEHIR (RIEMIK)



Load Factor

Load Factor

Load Factor

Load Factor

12 12 12
11 11 (1)
;\'Z
10 A 10
94 1 9 #(E1)
A
8 - F P 2.,
<] . <] <]
§ 77 perfect s s
w 6 w w
2] [ ”
3] .
24 24 24
1 14 1
0 } T 0 1 T 0 ————— 0 T } Y
-0.1 0.0 01 02 01 0.0 01 02 -05 -04 -03 -02 -01 00 01 02 01 00 01 02
Displacement(m) Displacement(m) Displacement(m) Displacement(m)
_qst _nnd _1st _nnd
E1(1) 1 E1(1) 2 E1(1) 1 E1(1) 2
12 12
114 114 (ED)|
;\'Z
10 A 10
9+ ! 9+ #(E1)
;\'Z
8 - B S
<] <]
g 77 perfect s
w 6 w
+(EL 8
..................... 7‘1 S 59 . g
i ’ ! kmm
min
TN ORI T T T =N\
0 } u \ t
-0.1 0.0 01 02 0.0 0.1 -05 -04 -03 -02 -01 00 01 02 01 00 01 02
Displacement(m) Displacement(m) Displacement(m) Displacement(m)
_qst _nnd _1st _nnd
E](Z) 1 E](Z) 2 E](Z) 1 E](Z) 2
12 12 12 12
114 114 114 114
(E2) (E2)
104 7‘1 104 104 104 kl
9 9] 9 9] A
8 . 8 8 P -
S 5 7] 7»1 g 4]
E E 6 ""'"""""'f"_""«ﬂi‘ E 6 N
B B oo Cemi VB min
S S 54 _ perfect S 54 perfect
|
44 2 44 3 i
3] 3i 3] 2
24 24
14 14
7 0 T T 7 ! 0 T T ? } 0 ——T—T 1
-05 -04 -03 -02 -01 00 01 -04 -03 -02 01 00 01 04 03 02 01 00 01 -06 -05 -04 -0.3 -02 -0.1 00 0.1
Displacement(m) Displacement(m) Displacement(m) Displacement(m)
_qst _nnd _1st _nnd
EZ(]) 1 EZ(]) 2 EZ(]) 1 EZ(]) 2
12 12 12 12
7 AED 114 114 114 o
04 M 10| 10| 10 2
9] 9 9] o] A
8 . 8 R | L 8 T
S S A S
3 - VO T - RS ‘
: T I R I g
S S 547 perfect S 5qpefec™ 5
4] 2 g 4] 3i
34 34
24 24
14 14
0 ? T 0 } T 0 0 T } Y
-0.1 0.0 01 0.2 -01 00 0.1 0.2 -04 -03 -02 -01 00 01 02 02 01 00 01 0.2
Displacement(m) Displacement(m) Displacement(m) Displacement(m)
_qst _nnd _1st _nnd
EZ(Z) 1 EZ(Z) 2 EZ(Z) 1 EZ(Z) 2
v O 2| v = 4
—dT IEIR oM =] ] 7 M -0 IEIR oM =] 1] XIS ;'ik)
6-a-2 FEZOHSHIR (FMHARRK) 6-b-2 TEZDH S HRIR (IR

-30 -



A C ORI I TICHEG B DO NETH Y | FikFD
TEIZDOHIFNENEEZ 272D Th D RIFRRSY Az
DJEE CIIERAEEIE DS R L TN D 728D, Z ORI A5
IE ALIZRE LTl Gy it LRV, AEEOHRIRNT
I RHRMREASEAA O 2 S | D 15, 245, 3fEL 7
HEINTED, ENEINTT 5,

FRMTIC X 015 DT @rA iR A . IR DV Tl
6-all, HIIZIRICOWTIEK 6b1RT, XL, R
FIRIEDNOR & 72 DEAIC T D — 2N BHR A £ L,
AFEHRIRE &= 1, &= 2, = 3 OF A R E AT — RECE &
DTHINTND,  F TR 2N I IRIE )N
HEINTWD, Bk Bt L7zOfNL, 8 -
BN BAD PEIE R A BT D, BIHPITH T2 AKED
R A WISR AR Tl ND RS JETEATEFRE A L, 7K
SO SR IAIE AT 2T — RO RS JEJH i
1285% . AKFO— SRR IATEAN N BT — R
DRI fof EARE A 2T

PR O AR (X 68 #R5E, WThoE
— RORIER G- 2 72551208 \W T O AT EOK R 23k
BHIRE <, BT ALD 2R, BiD 1k, EED 1R, E
D 2RDE— RAHE % 5.2 TR ORI, AL
WEREDOHFLUT 7o TG, Fio, T b O E
135 RS JEEMFEMREAT, & Flal>T\a, [LHe
1. RS JAE e nf BRSNS 2 YR D 3R DRIKIC
KD EIEATED FIMEEZ R Z & 2T 5HA, =
DET IV WK Tl TERR O TRIC R 5,

WIZ, BRICROEERIFR (X 6-b) 128\ T, FRHC
/)N RS JESET AR EE L ) v I X T 7 7 BD
WED/INS otz (82 AAD LR, B,D 1k, ED 1
WORIEHRMCIER T2, ZNHDE— RORETIL,
FIREOPEFFT RO TN &<, YIHIRIROEES L it
~PIRIREZIR LTS, 7272 L, Byl RS R R LR
B A DIEZDOHDIL, 52 ROEIERE A MDD b
B> TEY . AHET K DRI D T PR 256 DI F T
LWl F7z, AEE— NI X - Tidugdtoss L
TWHHEDHEHD BLD2K), H- T, RSEEfERR
Ba LS 2 & OO R B PR - L
fo LIFEEICIEE WER D, UL, Z2<OF—RTR
FRFOERATEDK FAVNS < 7o TBY . HHIIRE
VIR LD bE a2 MERF LTS,

WK & B TR DTLIR D ZEF T/ N E T 30
bHT | IR CIESERROIEIRAT BRI RS JEEJH

[ 1Knockdown Factor of RS Analysis
AW\ Reduction Coefficient of Nonlinear Buckling Load

1.0
0.8 = M
118 IN S
1IN N \ N | §
INININININININININ y
024N ININININININ NN
NININININININININ
INININININININININ
0ol N INININININININININ NI N [N
T T T T T T T T
2333333388888 8 8 8
a4 N d4 A T A 494 A& 4 & A A AN
R B O O B S = =
W W W W w

X 7-a RSERITD/ v O B2 T70 5 &
FERRICEE IR AT 1K TR 30D EL (R EARZAR)

[ TKnockdown Factor of RS Analysis
N Reduction Coefficient of Nonlinear Buckling Load

V22222272722222727222222277272772 77222727

EEEEEEEREREREEY
SRR RELE L
T-b RSEEFID/ v OO T7oRE
JEARRS EE TR TR E R TR 3D L8R (R AERAR)
-
|
£ 104 e Initid Shape
3 ] o Fina Shape 8’9
‘g 08 -
5 06 B
s e
2 o4 B N B
T :
© o2
S
g
B8 00+— . . . .
00 02 04 06 08 10

Knockdown Factor of RSAnalysis
B8 RSFRITD/ v O AoV T7IHRE
FEIRTEE R E R TR B DB

faf Bl % Flal> 7=, fit> T, RSIEIC L > THET T4
¥ VOO FIMEZ TR 256, & O
PEICITIRAD D 5 & 2 ThD (LE Y 132D 7ETIE
FERRID TR L R DBAEN DD & A R~TIY , FUE
HI7R RS RBEIZ 1T DR — R AR LT RS fi#hrd
DITEBIRELTCQND), T2 L, K T~ 72 2 >DE
TV (FIAR, BeRIIR) 1okt L, RSIRKTD 2 v 27 &

-31-



U7 7 7 B L IR O AN S DK RIS
BV R Sz, 2D Z STV TRT,
WIHIRIZIST D RS D ) v 7 X 77 7 2 &
B X D IERIREIR T O PR (REEIREIE 1,
+2, =3 D5 B THRANDOIIEEIEME & 5E2R DI
MR E & D) Ol E X 7-alnd, KO
VBT T TIN) I BT 7 I B Ny F DOV
W7'Z 7 NIRRT EOIK MaE R, MERs
L ST T T 7 I EPNNSWVERTE— RIEE, %

DE— RO 2 7= & % OFEIFHEOIE FAE L<

PRI PURME 1% O 2 L PSR TE D, IR D
BAEDHEZHOWTIFREIZK 7-b 1271, HfiRIck
WTHHHITEIR & FE OB R TE 5, X 7-a, X
7-b DHHEGZFARN & L TERBLL b D& 8 IR,
INHOT—ZNLEE LT FHRRENT 083 TH Y | i
FOMBAITE Y,

B 7-a, X 7-b DI RO MR E 5
LT 5 & BTN IR < oF
— FCIE MRS EF- LT D Z e omd, Rk
IHTIRIZ AR 2ol WRETERE & 72 > T Y | i
W ESNTARITENTND, LRSS, iE D&

UWNEZ 2R LIRS L AR D AR TH Y |

Z OB T FaE LD SEER R AR D 2 Tkt
EFNVEITEZ RO E LIV,

4 F£EH

IR BB T F A B — LD JEIR ) % e RAK
T5Z L& AL LT RS R E BB L
TR LI Z > 7o, FEEDET /TR Uit
EATUN, E ORCEAROIEIEIEMERIZ OV CREI
BEAToTe, ZORER, BBkt LT RS IEDOTHRIE
JEWNEL 72 o TRV . RIS K DR E FHRYED H5-
FCIIHER T2 Z LN TE R TS, AR O
PRITHIMIE & U CTHEEANC G 2 72 SRR ORI &
e < O — RISk LTHV MR 2R L, Fafb
IZR DO D DNRIIMEGRT H 2 LN TE T, R
D3R DO REE B EEIERE A 155 A0 7L L LT,
RS L& FIH Uik L A TA 72 TR L 72 5 W]
REMEE RS Z L AR LT,

-32-

RS JEDEEIRIR T F AL = L~OERAMICE L CE
ZIX, BalfiRo RS FEIEATELRIITERITIT D IR
g E Y ERl> TR Y, (DO L TIXSA
(& &> TR SRl & 72 D ATREMED B B, T2, A1
TEIR, BATRE BT RSFfTD ) v 2 BT 7 7 2
& IR AT B O FAREAZ Iy FERIAS L DAL, B
JERTHERIED I ENRIARRIZIR 5 $ O EAET S
RSIEDE T DELPEIZ OV THERR LTz,

BT - AW ARSI RS Y )L - SRS EE R
ST E L NEE SR DIEE O C, EAEHIN
BEFRFIL BRI A & O ERE AT &2 E L,
ZTICHEATHEERLET,

SE X

1) Thompson, JM.T. and Hunt, GW. : A Generd Theory of
Elastic Sahility, J. Wiley, 1973

Retinger, R, Ramm, E : Buckling and Imperfection
Sengtivity in the Optimization of Shdl Sructure
Thin-Wall Structures, 23, pp.159-177, 1995

VIR, KIBSHE, A2 R ek S
WD IR SR RIS N ORiiEkEr, AAHEEE
SERKEHE, B-1, pp.341-352, 1996

Yamada, S. : Rdationship between non-linear numerica
expeiments and alinear lower bound andysisusing finite
dement method on the overdl buckling of reticular partid
cylindrica gpace frames, Computer Applicationsin Civil
and Building Eng., pp.259-266, 1991.7

IWHEEE, PrNBRT, ZmEeE, S U
a—RNIZk D RS ML L HET T A R— LD
RIE~DE M, HARGE MG Rim U, No526
pp.85-92, 1999

AR, BIE—, KERER] A T80T 7
7’k E R LT B4 HROBE L 375
Hijg b7 A F—LOREE L, HAREE AE
Fam L5, No.578, pp51-58, 2004

A ATEEL 250 « g T A R — L OREMMNT—%
DHR & R —, 1989

2)

3

4)

5

6)



i
1

AN
ey

arkyL MEGEOMATLAIL 2006 g

GA

Yo rx RFEST D, BRI 2
1) ZITERT. K¥PiA. m505033@sic.shibaura-it.ac.jp
2) ZIHT¥EKRT, #d%, T, tutumi@sic.shibaura-it.ac.jp

1960 FLIRE, AT Mk FikE 71008 A LT sk it L O Lo D 2 < ST
7002, MEEREOREL T, BWERIE I, ESO L9, kg — kv by on, BENTLITY XL (CIF,
GA) %l T-WFEAM T, JIFICENTEEZSE LD Z LGS Tnd, L, ZThvb ko
R TITIREDT A AAZITER LT, FEREOT A ARIZ DN TR, AR 903KIEERME LEHRIC L HIERE
FAESAR T AT DERE L TCWDN, FHEOIT, AROBIEZEZE L, EIEE 17 a L & bR T 5 R
BIES AT LW EHED TN D,

BEH 101ClE, RIFER & IEPIEERZ TN EIEMO VAT AL L TRV, ZIENDO T AT AZBN
T, IFHEEME - THA AL BIENTENBRENT AT XA (LT, GA) #HWA Z LIZL AL
D2 EHMELTWDEN, ZOBIBFEOMERITE I TH Y | Itk & B R A iAG 7o X5 2 %kkie )z
WIREAE AT 5 Z LIXTE o7z,

AWFZECIE, ik B #iRE RO R T 207270 v AT A2 L, BRROSHE 2 LS TnD, £
7o BERTCIE, fharEdE FIRE - MUl R EodtE) #EMA L, FallcBERME T > — R AT A E1TH
ZlIZE Y, R L. 2O AE AW TEMEHME 21T > CTe, AT, #atEaBE L7 X
T LORERETITR L | R HNINL S TR R Y AT AR EIT> T D, TBEEDARIZIE, FHlE DM
BERENMESN D5 GA Ve, LavL, xtaffil GA T, &RIckW CHHEEREIC X 2Rl Th 720
F2 67 Pl O AIFRI R VE, SRR - FEmIEHENEE SD, & 2 CABE TR, FHliETE 10 i
R LI L, ZhLS O TClE=a—F %y hU—27 (LT, NN) (2L Vi EHEET 5 LV o5
EFxtEEE GA VT D, NNIZEDFE AT 2 2 L2k v, %565 GA 28T 2 FHli#E D& (K1) -
PR ZER L, L0 RER FHEE OBMEZ I TE 5 £ E 2T\,

AT, Ml ICE > TN B AEREEZ AR T HZEEZHE L TWA, fMITEEIX TEEOmBS] &
L7z, BRIPIROERHRFEIE, BERFERZ NURBS #hi#i a2 HV T s,

2
AT D AT L7 —2 K LITRd, £7, R (20 i) OfBIEAL Ak S, 5 BFERET
R SR AT 5 REMTE E I TEREORIEA S| & L, #Hlitk. NN T8 2170, EAZEET D, Z0%,
WISER 2T, BIGEO—FE MEERZ Y — MrfEL, ZXEZICHE NN (2K DESEORHZIT, #
ISEO—FARMER L =V — MREFE LR E ANEZ 5, =) — MR LEOREEEZ KR E 35, 2Dk,
10 AR EIZ72 % F T NN IZ K 2SR 21TV, =V — MRfF~T U — MRELAZ# VIR L, 10 iR EIC/ -7
BRI AN EEANC A 24TV, NN IS X DR 2170, A EHT 5, DL EOBEEZE LI E T
BT,

3 NURBS

AWFZECIE. NURBS i CHCREZREL L T %, NURBS HERRIZ. IS, B, BAZEET A &I
X0, BHEDOEWE ORI O L 5 2B bR Z L3 TE 5, BilE LT, 2 1 IR THIfE B - R

-33-



HCHiV 7 NURBS #ifa X 2 12, ABFFE T,

%o
1
2 ‘R a
12 )
°k/< ‘ \\/ . :\
2 NURBS

3
3.1

EMRERIT D503, Bz 2 & LOUBREZAERL T

1

X y
1 0 0 2
2 05 1 4
3 1 0
4 15 2
5 2 0

ARFFE I, PER b2 D K 912 3~13 OFEMEOHIE A Z A5, FIES O x, y BEEXFERMREE L,
RO z AL, BERE L A& S ORELICOE L, 2NN 3 IORT 2 JEIEARE ST 57200 4 FifH
ORI S 1 DB BRUIRESE 5, B, BEES 2, HlHESERS 13, BEHHELSBIE@), A8k s BE %L
EEEN00@E LI-SE. A DX D7 6 OBk ER S5,

Y=-ax?+ +

Y=ax+b

m /
(0,0)

e (0,0)
Y=-ax+b

e (0,0

Y=b

3

_34 -



3.2

AW TIE, BREE 2 (TR TEIE TETEHE 2TV 5, NURBS Hifta V5 Z L1280, xz Fn, y-z Fh
TR DOBIE TETERT HZ LN TE D,

R, THIE R O% - THIESEE) - TS EI RO E & - TRERY - [BRY1 X TS uTn
%, TR OE T, 3~13 £ TORFEMEOHIE RO ARG 5, THIEABE <ix, EEmER - A5
SIS T, X3 0 ATEDOBEO TG BHIEED 2 HHEZRET 5 72D OB EIRT 5, TS %o
&) T, BB - A ERELRIC T, TR TR LB om S 28T 2, m3iE. &KE
Slzxd 5k (0, 13, 23, 1) ThHx %, TERIREER) T, #fRIRICT 2 O ERBIARIZT 2 D9 &8 IR
%o TBHAYA X Tid, 1G0T 2 &b 50OV A XL SEHNENEBERT 5, ZoEGIE, @i
OB A XD 12 L LTz, P EDOHEEIZEY, 4 28bit DB TECHELZERTHIENTEX D,

2
X-Z 1 2 3 4 5 6 7
y-Z 15 16 17 18 19 20 21
X-Z 8 9 10 11 12 13 14
y-zZ 22 23 24 25 26 27 28

4 NN

AWFFETIE, FHBE OB ERS 720, 10 AT L IFHEE I L 2FHli 24T, 20RO TiE, NN T
B LTS A O CRHIE 2 H#EE LT\ 2,

P, GAIZ X 0 AR SN TATES (20 EIK) DA% VRML THER L, 5 BFECRHMA1T 5, FHmEE H X,

MEREOHAS) &L, b IERENER SIS L DI LTz, AJIUzaHiifiEld 0~1 offi (1-0.1, 2—0.3,
3—0.5, 407, 5-0.9) ([ZEH L TFEEIT-7-, MO VRML EiiEOF %X 5 127,

NN &, ADjz=v ME% 14, FflE% 28 (=== b& 50, 25), H1))==v MMEk%E 1 & L, 10000 [A1%
HZIINHRT 2 ETITolz, AJj=v MI, £ 2 1TRTEE TS FAWT, THIESO$ - THESBIEL (5
EAHO | THIBEA RIS O S (B3 L 40 ) DRI - TRHOY A X 222l =y & L, x-z Jilf,
Y-z FMZENENT 2=y N TOOEF 14 2=y b e LT, AJa=y NONRT A= ER LTI RE R IITRT,

5 VRML
3
3 y=ax+bx+c 0 -1
5 y=ax *1/3 -0.5
7 0
9 y=-ax+b *2/3 0.5
13 y=a 1

-35-



5

ot 50 AR, A5 E 20 fER, L— L RMER, 2858, 28X 100%, SR % 5% EiE L,
REDHA S ) ZFHIfEE LT AT A& FAT Lic, BN X 0 3E SE 7 gIHEERO—5 & M2 6 &
# 412, 50 AL H OfERDO—EH & FHMfEAZ X 7 &£ 5 ITRT,

F4 LRS5OOBLNTEUL, 5 BFEREHED 512572 25HlfE 0.8 DL EA /R LTS (KERM), 11i{tH
T LEIE LAVERE SHUTUOZRWDE28, 50 S H Tik 14 AR SN Cnd, B 6, 1S E & s
THALVME L 72> TR O BN 2 5 & LISl S I LR C DR S < AR SN CTE TV D Z &0y
b,

ARSIV TEREZ RCH2 & AR CIERE S 1 CERE S 16 DX S RbLREL IV TREDH S
TEREDOFHIEA B, F7o, BRES 16 O L 578, BAFROFRENNSRBONRH S, AT AOPLIRIC
KOS 252 LN TEIBRROFHIE S V. WIS, ERES 8 0 & 51T S DRV, ERES 11 D &
INHEHE T RE DRI IR < 72> T 5, 50 AR E TIE, FHIERSE W E SD, HAHRES TV TRERIN
B0 | KB & I B DT Re R & VAT AOMRIC XL 0 AT 5 2 E N TETRREN S < Ak &
Nz, ERFEE 9 LMERE S 15 O X 9 RN T RO Y 7V IRBE DR D TR D 2 iR 85 s 258 0 &
FAAE DR TERESS, BRES 12 O X 5 ZRFLA 5 Pk CRIIFm A H IR 72 > TV B I RE e Sk S
Nic, Fio, HERES 10X 57, —FBATTHTS 5 —HRnEE0Z 0 2 RO 0 2 Ff> X 9 72 EhE
HAERIN TS, MOIFRER B TAHATH, Hix 2B 0 OMAEOENEMR S, iEE L CTHRIEVWEENZ L
ARRENTEBY, FEEOFEN LI MEN TN D,

41
T

1 0718
? 0.499
3 0.300
4 0.308
5 0.501
6 0.697
7 0.499
8 0.298
9 0.503
No.1 10 0301
11 0.113
12 0.502
13 0.698
14 0.697
15 0.500
16 0.866
17 0.691
18 0.508
19 0.304
20 0.501
0.866

0.113

0.499

-36 -



50

1 0.964
2 0.785
3 0.653
4 0.888
5 0.778
6 0.821
7 0.871
8 0.633
9 0.934
10 0.956
11 0.793
12 0.830
13 0.947
14 0.953
15 0.878
16 0.580
17 0.843
18 0.937
19 0.879
20 0.823

0.964

0.580

0.831

6 NN
ABFFETIE, 10 HART LI 24T NN OELZ B L, AHIEDOHEE 21T > TV D, T AT AFATORRIC,
10 AT L OFERRE Gl OFEE) L HEEM (NN IC X O HEE U723 2 bl L, IEAR & EERRE
B U7, EARE ITERE EHEEMEA—B L= BE D L 2R L, $EIFAR LT FEME & HEEEOBEE)+1 D
HFACTHLTCHDEEDZ L Th D, HEHEIZ. K 4LEKS DL HICO0~1LDETHIHENHDT,0~02 % 1,
0.2~04 % 2, 0.4~0.6 % 3, 0.6~0.8 # 4, 0.8~1 % 5 & L CalfifE & Z5Ha L7-, 36 (2 10 L OFRHE -

HEEAE - I - B - WEEERE T,

6 10
10 20 30 40 50
1 3 3 1 4 5 1 4 5 1 5 4 1 3 5
2 2 3 2 4 5 2 4 5 2 5 5 2 3 4
3 3 3 3 5 5 3 4 5 3 4 5 3 3 4
4 5 4 4 4 5 4 4 4 4 5 5 4 3 5
5 1 3 5 5 4 5 4 5 5 4 4 5 5 4
6 4 5 6 5 5 6 4 5 6 3 5 6 4 5
7 2 5 7 5 5 7 5 5 7 4 4 7 5 5
8 1 4 8 4 5 8 4 5 8 4 4 8 4 4
9 4 4 9 5 5 9 5 5 9 4 4 9 5 5
10 1 4 10 5 5 10 2 5 10 4 4 10 3 5
11 5 5 11 4 5 11 5 5 11 4 5 11 2 4
12 5 4 12 3 5 12 2 5 12 5 4 12 4 5
13 2 3 13 3 5 13 4 5 13 3 5 13 3 5
14 1 3 14 3 5 14 3 5 14 4 5 14 4 5
15 4 3 15 3 5 15 4 5 15 3 4 15 5 5
16 4 4 16 2 5 16 4 5 16 4 5 16 4 3
17 4 4 17 5 5 17 4 5 17 3 5 17 5 5
18 4 4 18 4 5 18 3 4 18 3 5 18 3 5
19 4 5 19 4 5 19 4 5 19 4 5 19 4 5
20 3 4 20 4 5 20 5 5 20 4 4 20 5 5
3.10 3.85 4.05 4.95 3.90 4.90 3.95 4.55 385 4.65
35% 30% 25% 40% 30%
75% 75% 85% 80% 70%

-37-



K6 ERTHDE, EERITHERKTALA0%THY, RLTEWEITEZRWVERTH 7203, EEERTIIHRK
T 85%., FHMIZEWEIG Lo T D, —F, FEERMEOFEHMITHRBAIEZ 5 L &< RoTEY, VAT A
FATRAZ AR S 4L 50 AR B DOIEREZ R CA D &, FEHDOTEB TH L) THEV) LU DEREORHEZE X 72
TERENZ ARSI TE Y, Ml GE#) BNEMLTW LIRS ERSILTWD & Bbh b,

7
AWFFETIE, PTi & B R 2[RRI KRBT 287272 VAT AR L, SR HE GA Z M5 Z & ThF
il OEEZ R Uz T AW TBRREART 222 HRYE LTV 5,
NI G XSV ghfet vt D N N g g
1) NURBS ihifitz A 2 BRO iR A2 A EdEIC U, (85 & Ao A L, B L LR & B 28
D2 LRy, Prike BHRROM G OIRE AR T 5 Z LN TE, ZERRIPRBA AR T 52 LN TEDL LD
otz
2) FEMREE GA WD Z KD FHliT SR A DA UL Bl O RRY R R AR S 3 b
MPTET,

LB OBEE LU NIRRT,
1) HAREEERE AT Z LIk Y, NN OEZ R EXH, L0 EVEE CRHMEAHET S Z &N TE S
FERMED BN R T N EREE 2,
2) SENIEEN T AT LAEFATL, ARISNIEOGH T 21T o Tohd, 44T, FHE OEWIC L DS
TERED T 21T 9 6
3) WIGEEICHFRRHMITG BB L, SRS EWE L TEEED THA S %2 & bICEE LIZRRAIE Y AT A5
%

1) HBAREE S B AT L0 b, BE AT Mo bR IR R B imEE, 2003 4F

2) HAEIFSES  MREEREAIAE OB L. 2001 4F

3) M. P. Bendsoe and N. Kikuchi, Generating Optimal Topologies in Structural Design using a Homogenization
Method, Computer Methods in Applied Mechanics and Engineering, Vol. 71, pp.197-224, 1988

4) Xie, Y.M., G.P. Steven, Evolutionary Structural Optimization for Dynamic Problems, Computers and
Structures, Vol.58, No. 6, pp.1067-1073, 1996

5) KFRME, EEH  SERAFH U7-6E ES0 JEIC X SR REOAIL . A AREBSEAE R U 565 539
. pp. 87-94, 2001 41 H

6) B : B OB LB IS KHEEONAMRE LR R 2 L— 3 v, HAS A 5 Mk y Ry
7 INEEEER U pp. 117-122. 2002 4F 10 A

7 ZHRE A — b~ ATk BREE L AT A BAIARR Lol B ARSI AREE RAR SUEE 5 555
2. pp. 101-105, 2002 4F 5 H

8) {FHRE . KA E BT /LT XA K DNAR b T AEEY OFRERIA, I AR S RE R SUE &
538 . pp. 115-121, 2000 4F 12 A

9) ARRUEHE : ZCEEEDOIERERA TR IR+ 5 v AT LBAFE ORI, FHHE T FEE 2 SCE 7(2) | pp. 883-886,
2002 4£5 A

10) LR, KT, Vs RN« BE 2 5 U= M RIRIZREAIEIC B 298, A1E 1550 3CE Vol.51B,
2005 4£ 3 A,pp.1-6.

11) Ve KFES, SRR« B2 8 L= B BIREREAIE ISR 2128 20 2 FEFRERIZEEDAIA:, Hik
T Vol.52B, pp.33-39. 2006 4F 3 H

-38 -



anXy s HIEREOMATLAIA 2006

ES TS

gjddododoodooooooooooooooooooooooooooon

00 ooY00o0o0oo?oo0 00
HNOooooo0oo0o0000000,d00000, kobayashi@dali.nuac.nagoya-u.ac.jp
2) 00 000000000000, 0000004, naito@dali.nuac.nagoya-u.ac.jp
3)0000000000000O0, 00, 00, hero@dali.nuac.nagoya-u.ac.jp

1 0

oo ooooooooboobobbo
oboboooooboooobooobboooboooobooo
gbobobobobobobobooboboboobo
0000000 (LifeCycle, 00 LC)OODODOODO
gl oobbo
gboboooobooooboooobooooooboo
gbobooobooobooobbooobobooooboboo

goooooobbobobbbbbbboboboobo
gy ggua
gobooooobooooobooooobobooooooo
O (Multi-Objective Genetic Algorithm, 0 O MOGA)
0000000000000 00 (Life Cycle Design,
00 LCD)000000oO0O0oooooooooooo
MOGA OO0O0O LCODOOOOOOOOOOOoOO
gboboboboboboooooooooobooog
goodooobobobbbbobobboooogoooa
obobooboooooboboon

gboobobobobobobooboooogn
00000 60% 000000 [1)00020000
00o00oooo0oooooooooD LCbooooono
MOGAOODO LCODODOOOOOUOODODOCOO

2 000000000
21 0000000

00000000000 4:000000 G, 000
0 ;000 W,; 0000000 ;00000000
oooo [20

OO,i:Z(Wi"Cj) (1)

j
Uiddbdc¢g OOodjuoboooaoooodooon
o000 yoooooboboboboooooda
gooooooooooobooooogooogoag

gooobooobobbooobboooobo

-39-

22 0000000
00 +000000 0 k00000000000
0cC,boooooooo », 0000000000
ooad

Cir, = 2

S 2)

00000000 00000000000
gboooobooboooobo

O0+«0 k000000000000 t=Fk-t,,
ooooooo -, 000000 E=0000000
o000 r,=100000000000 0000
r;(t) 0000000000000 0O0O

k-1
rie=1-— Z i AL =ri)li=h=—ny1,.}  (3)
n=0

obooboboobobobobobobobon
gboobooooboooooboobboboboog
ooobooooooooobobobobooonog
O000000o000ooooooooooooog (2)
gbooboooboooobooboooboooooooonog
gbobobooboboooooooooooooog
gobooboooooooooboobobobgooooDoog
oobooopbDo0ooOoooobOooDoLcoogoo
ubbooobooooooobooboooooooon
gboobooooboooooboobooboboog
gboboooooooboobobob 1oooboooog
obooboooboooobobooocboobOoooo

ERINDNRNANNANDNRANRNAND

:tH-l\ | i ! i | i ! i | i !

u | | | | | | | | |

‘ﬁgj\‘\\\‘\\\“—w‘ ! !

thghote

performance

time

01 O00obobOoooobobooobooobag



ooooooog t},:tlDDDDDDD v OO0
000000000000 O000O0DO0O GO
gbobooboooooocoobooooooobobo
ooooooogooooo

uiu—1

u—2 n,;
— +1: E
Ci = H n” r Czk
r=1 k=0
w—1:z4+1

u—3 u—3 stopover,?

+ E H anrl:z E Cix (4)
y=1 z=y k=0

w—1:1
stopover,i

+ > Ca—Co,
k=0
00000000 nf® On&lovers (@ >0) O Ceiling
00 [(]0000000000000

nwh:{%w—l (5)

a:b 1 b tf; a
’n’stopover,i = tT tp - t_a -1]- tp -1 (6)
Pt p

gboooobobooobooobbooobooo
ooboooo0o ¢, 000b0b00ooocoooooon
goo

C.=> C; (7)

23 000DOOOOOO

doodoooDooooooooog co,obooao
00oo0ooooooooooooo ¢c;oooood
00 LC OO0 (Life Cycle Cost0 OO LCC) Cy. O
oo

Clc:Z(Co,i+Ci) (8)

DDDDDDDDDDZDDDDDDDDDDDDD
0000 tewe OOO0DOODOOOOODOODO LCOO
00o0doooooooono Leccoooooooon
00000000ty = 0000 (8) 00000
goooooon

Ceval = Z

i

wiu—1

u—2 nj,
H nm-i-l:m § C’ik
=0 k=0

u—1:241
stopover,i

Z Cik 9)
k=0

u—3 u—3

+ Z H nz+1:z

y=0 z=y
u—1:0
stopover,i

+ > Ca
k=0

ooooco, 00000000 LCCo,000nonon
goo

- 40 -

3 00000
00000 MOGA OO0 SPEA2 (Strength Pareto
Evolutionary Algorithm 2) 00000 [3|000000
gbooooobooooboonog
31 0000OO0Ooooo
gbobobooooooooooooooooan
00000000 GAQDOOOOoOooooooood
000000000000 DO0ooOO0oooOonD MOGA
0000000000000 SPEA2000O0O0DOOO
000000 GAODODODOOODoOoOoooooo
goooobobooooo

minimize tness;
subject to g; <0
fitness; = fi(x) Hyj (11)
J

000 fitness, 00000000 f/000000x0
Uobobdy 00000 000000000000
gooboooog

32 OJ00OO0OOOOoO0OOon

gogbobog.0b000bo00booboooboboooon
000000000 sk 0boooo

s(i)=|{jlj € P+ P, Ai = 5} (12)

O000P0+¢t00000000OO0ODOPR, O¢t0O0
gooboboooobbbd:s=4 g0 50 c0000OD0O
oooooooooooo
uboog:00000000000000 sgb
oo00o0oooDo0okO0DOOO0ODOOO0ODO UfDD
00000000 0000 fp) 0000

> st (3

JEP+Py, ji

f@) =

0000000 NOOOOOoOOooOoooooooaoo
gd0o00ooooooooooooooooooon
00000 NOOOO kO Fleor 0O |-] 0000
goooono
k:{ N+NJ (14)
0000000000000 U0UO0Of(z) 00000
0000000000000 00U0o0ooog h(e) O
O00o0oo0oooooooooooooooooon

minimize h(x) = f(x) H’yj (15)



4 0000
gobooobooooboooooooboooooon
00000000000 doo0oo0ooooooo
oooboobobbobobo 20000bD000DO0
000000 p|D000o0ooooooooooon
00000 s3sgooooooooooooooo Le
gbobobobobooboooooooooobooog
gbooooooobooooboobooooo

- Kitchen

1
Height (m) 5.4 | T
Total Floor Area (m2) 125.88 Bedroom S S
Height of Story (m) 24 N ]
Number of Story 2 . . o
Project Life (years) 100 Living - Dining § E
J

T GL
Section

2
L, =

4550

820[1820

17280

Dining -
Living

3640

Bedroom | Bedroom

%
L2730 |,

N

F Plan

N
5005 3640 | 1¢ pian
8645

L<
02 0000 :0000 [4]

0 L

o R )
Type Type Type Type A
I e

Y P
e Iy )

-

6300 | 6300 | 6300 7300

Standard Plan

S

7300 6300 6300 6300 6300 6300

2
<
g
2
<
g
g
<
g
2
<
2
<
2

A-A'Section

03 0000 :0000 [5)

GAOUOUOUO0O0O0O0O0OO00000000 GAOO
000000 1000gspEA2O00C0O000O0OO
000000000 SpEA200000000O0 200
ooboboobooboobooboo 10000 2000
oooooooog

01 GAOODOO 02 SPEA200000O

Population 100 Population 100
Elite 2 Archive 25
Generation 1000 Generation 1000

Prob. of Crossover 0.80
Prob. of Mutation  0.01

Prob. of Crossover 0.80
Prob. of Mutation  0.01

-4] -

4.0et7

Cost[Yen]

2.0et7

0.0e+0

2 4 5 6 70 8 % 10
Year
04 DODODODOD

6.0et7

4.0et7

2.0et7

Cost [Yen]

0.0e+0

30 40 50 60 70 80 90 100
Year

0 10 20

6.0e+7

4.0e+7

2.0e+7 ;'—T—’if
0.0e+0 . . . . . . . . .

0O 10 20 30 40 50 60 70 8 9 100
Year

s ODoobooooo

5 00O00OOoooo

obobooboboobobobobooboboobon
gboooboooboooooboooboooooboon
gboboboobooboooooooooooooog
gobobooooooooooobooobooooog
obobobobooboobooboooooooooonoog
gbOoooobooo

Cost [Yen]

51 0000
obobooboooooooooooooooogan
gboboobooooooooboobobobbooog
o0oo0o0oo0ooooooooooooono Lee
obobobooboob40000000000000
O [yen]DOOOOOOOOOOOOO
gboboboooooooooooooboooban
ooooooboobobooboooooooooboo
oboobobobobooboobooooboooooonoog
gbooooooobobooobooboobooboooo
gboooboooooooooboboboboobog
goooooobooooboboobooobooboonoo
oboooooboooobonogd



4.0e+7

TetCO, o -

L TestCost o !
T 3.0et7 Teststd =
bl 2.0e+7 B * . S .
1] i ! °
8 S e . ¢

0.0e+0 . . . .
20 40 60 80 100

Year

06 00O0O0OOODODOO (DDOO)

3.0et5

TetCO,
TestCost o

2.0e+5 + Teststd = ¢

1.0e+5 ¢ et

CO, [kg-CO,]

0.0e+0 - : :
0 20 40 60 80 100
Year

07 €CO,00000000(00D0D0)

52 0O00O0O
gboboboboooooooooobooooogon
goboboooboooobboobboobooon
ooooogooooooooooo Leccooog s
good
gobobooobooboooobboooboobobo
gobobogooboooboboobboobooaon
ugbooOooooboooooooooooobooo
gbobobobobooboooooooooobooog
gobobooobooobooooboobobooon
gugbobooaooooogabooo

6 JO0O0Oooooono
6.1 DO0OD0OOODOOOOOOOOO

GADOUODOODO 2000000000 LCcoOod
LCCO, O 000DoouoooonorLccooooon
LCCO, 0000000 Test Cost OO0 Test COx0
godoooooouooobooobuooobooo
goooopooooOooooooo Lecoooooa
000 Teststd DOO0O0O 60000 700000
000000000oooooooooooooood
oo

O 60000 7 00 Test stdd Test Cost 0 00O
Test CO,O0000O0OLCOOOODOOODOODOODO
O0000oO0OO0OO0ODOO0ODODOD0OD0OD0O0OD0ODODODODDOOLC
gooooooooobooobboooobooo
0000000000000 00000 Test Cost O
RCOOODOO Test CO,000000DODOODOOOO
00000000000 0000000O0O0O0O0000

1.0et5

Pareto Optimal Solutions
Population -
9.0et4 .
S
g 80etd - -
é) o+,
ﬁ' Jﬁhj}bf :
Qo' 7.0e+4 + Y ]
O .
]
6.0et4 | Gl -
i
5.0et+4 ‘
1.0et+7 1.5e+7 2.0et+7
Cost [Yen]

08 0000 ParetoO0ODDO (DODDDO)

ooooO0oO0o0ooOooooooooooogoLecOod
0O LCco.,0pooopooooooooooonod
gboboooooobobooooobooboboog
gboooooboooooobo

Test Cost 00 O00OO00OO0O00ODO LCCOOOOOO
OOLCCO, 000000000 OD0ODODOOTest COq
0000oOooooono LCCoO, 00b00OoOnonoLcC
obooooboooboboobooooogoD 2000
obooboooboobooboooobobooboooon

62 DO000O0O0O0OO0OOOOOOODOODOOOOD

SPEA20 0000 2000000000 LCCOO
0 LCCO, 0D00D0O00DbOnoooonoononog
0000000oooooooOooooooo 8soodo
0000000 COqkg-CO,] 000D OOODO [yen]
0000000 dPareto Optimal Solutions 0 0 0O O
00000000 Pareto 00 00O OO Population
01oo0ooooooboobooooooboooo

o000o0oUooooobooooooooooooon
0000o0O00DoooooOoOooooooooooo
oooooooooooooooooooooooo
SPEA2 00000000 ODOOOOOODOODOO
o0oDoo0oooooooooo

Pareto 00000000 ODOOODOODOODOODOO
00o0O0DO0O0ooOobOoOooog co.0onoooog
00o0o00ooooooooooooooooooo
00o0oooo0oooooooooooooooon
ooooooooooooooooooooooon
0000000000 Pareto OO0ODOOOODOO
0000000000 0oOoogoon Pareto OO
ooood0ooo0oooooooooooooooog

-42 -



1.0e+9
8.0e+8

6.0e+8 -
4.0e+8 | . st e = =

TetCO,
TestCost =
Test Initial

Cost [Yen]

2.0et+8
0.0e+0

0 20 40 60 80 100
Year

09 00000000 (DooO)

8.0et+6

Test CO,
TestCost = o
TestInitid o 1

6.0e+6

4.0e+6 |

CO, [kg-CO,]

2.0e+6

0.0e+0

0 20 40 60 80 100
Year

010 Co,000DOpoOoUO(moono)

7T DOoOoDoDOooooo
71 000O0DOO0ODOO0OOODOOOO

GAOODODO 3000000O0DOO Lccood
LCCO, DOODODOODODOOODOOODO Leccoono
000 LCCO,000D0D000 Test Cost OO O Test
co.00DpoOoUoooooooooooooogd
0odoooooooooooooobooo Lcooo
g0o00n0 TeststdDOOO

090000 io0bO0obOO0obDOobOOoboboobOoo
oooodoooooooooooodg

0900 1000000000000DO0O0OO
Oo0OoOLCCO LCcCco0nOonononouonoonoonao
ooo0d0oooooooDooooooooooon

odoooooooooooooooooooooo
00010000000 o0ooooooooooon
0o00d0O0oOobDOoobDOoO0o Lecoono LCco.d
00o0o0oooo0DooooooooOo Leoo
oood0ooooooooooooooooooon

72 0D00O0OOO0ODOODOODOOOOOO

SPEA2 00000 3000000000 LCCO
00 LCCO, D0D0DoDbonDooonoopnooa
00o00Do0oo00oDOoO0o0oDOo 11000000
0 O Pareto Optimal Solutions 00 0 OO Pareto O
O000O000OPopulation O 1000 000000000
oooooooooooon

01 o0o0DoooDoo0oooooooooon
o0oDooO0oooooOoOoooooooooooon
000 Pareto D0ODOO0OOODODOOOODOOOO
oooo

6.0e+6 — —
Pareto Optimal Solutions

Population -

4.0et6

4t

+ +
T
+ *

CO; [kg-CO,]

s
.

gt

2.0et+6
4.0e+8

6.0e+8 8.0e+8
Cost [Yen]

011 0000 Pareto 000 (DD0DOD)

1.0e+9

8§ D0OUOOOOOooOOoooDO
0600000 70000000000 1m?200
guoboboooboboooaooon

81 U0ODUOUOUOUDDObOOUOODOO

GAOODODODODOODOOOOOODOOOoOODOO
0000000000000000 2000000
oooboboodoo 12000 0 1300040

00 O 0O Test Cost (House)  LCC OO OO O Test
CO2(House) 0 LCCO,00000OO0OODOOODODO
000 0O0OTest Cost (Collect) O LCC O OO O OTest
CO4y(Collect) O LCCO,000OOOOOOOODOO
goobooobooboogd

Test Cost (House) O OO Test Cost (Collect) O
0000 RCODOODOODOOOODODO Test Cost
(House) O Test Cost (Collect) 00 OO OLCC O
LCCO, 000 0DOnouoonDonooonooooon
bbb oouououoooooo
000000000000D0000000000 1 m?
OOo0O0o00OOpooOoooLecCcoonooOogn LCCO,
g gbbobo
gooobooOoooooOobO LCcooooooooono
goooooboboboboooobobobooobog
ggooobooooboog

Test Cost (Collect) O 0 0 Test COy (Collect) O O
0000 Test Cost (House) 0 00O Test COy (House)
ooooooooooooooobobbbbooog
LcOooooOoooooUoooooooooooo
goodooboooboobbbbbbbbbbobooo
goobooboboobboooooboooboo

-43 -



2.5e+3

Test CO, (collect)

2.0e+3 [Test Cost (collectg

Test CO, (housg)

15e+3 I Tegt Cost (house)
o

1.0e+3
5.0et2 ¢
0.0e+0

CO, [kg-CO,]

,,,,,,,,,,,,,

0 20 40 60 80 100
Year

012 m?0000 LCCO, 00000

2.0et+5

TestCO, (collect) o ‘ . L

| Test Cost (collect ° B
15et5 Test CO, (houseg o

| Test Cost (house) ©

1.0e+5
| SO o 2 $ 938
5.0t 17 am emmarpeet® o

GO0 -0 €0 ©-TB0- D 0l
oopEdd O ®

Cost [Yen]

0.0e+0 : : : :
0 20 40 60 80 100
Year

013 1?0000 LCCoOooon

gbobobobobooboooooooooooog
ooo0ooooooooooooooooog Lece
0O LCCO, DO000OOoOoOooooooonoouoon
ooooooooooooooobooooggLec
ooo0OLCCoO, D0b0Onoonoooooonponon
oboooOooooooooooooooboobobo
00 10000000000 COe 00 1kg-CO. O
obooboboboboboboobobobobo
gbob1gbooooobobobobooooooDbo
gooopoooLccoooooooo rRCOOOO
oooooooooooo

82 O00OO0ODOOOOOOODOOOOODOO

SPEA2 000000000 ODOODOOODOODOO
gooodooboobobobobbboboobboooogoooa
oo0ooDOooboOobooOoDg ParetoODOOOO
ugboboboobooboboobo 1400000000
Pareto (house) 0 O 0 0O O O O Pareto (collect) 0 OO
000 Pareto D OODDOODOOO

000000000000 Pareto ODODODOOOO
00 Pareto OO0 DOODOOO0OOODOOOOODOOOO
oooooo0o0oooOoo0oOoDoOoOoOooDoRC
oooooooobO RCOODOOOODOOOODO
goooooo

ooo0oo0O0oobD0obOobo0g Paretod OO OO
Jooo0oooOoRCOODOO0OODOODODOOO
gooodoogoooouooooobooogogoooa
gooodooooooooobobbobbbbbboog
goooooooooooooooOoooo Lecoo
oooooooooooooooo Lcoooooo
gboooooobogooo

6.5e+2

Pareto (coIIéct) .
° Pareto (house)  °
6.0et2
5 :
O 5.5et+2 .
o -
= .
A 5.0et2 + "
O
45e+2 | ®
4.0e+2 ‘ :
5.0et+4 1.0e+5 1.5e+5 2.0et5
Cost [Yen]

014 Pareto 00000 (Im*>000)

9 O

0000000000000000000D00O
00000000000000 LCDODOODOOD
000 GAODOOODDOODOOOODOODOOOO
Pareto 00 0000000000000 DO00O0O0O
000000000000000000D000000
0000000000000000000000000
0000000000000000000000

oooo
10oooodoooooooooooooooooo,
oo0oooo,0000odad,2o004
20000000,000 LCAODOODDOOOOOO
gooooboooooooobouoooonb, 2003.
30 E. ZitzlerO M. Laumanns and L. Thieled SPEA2:
Improving the Performance of the Strength
Pareto Evolutionary AlgorithmO Technical Re-
port 1030 Computer Engineering and Communi-
cation NetworksO 2001
0000000000000 O000O000, 0000
0000Dooo0ooOoooood LCCOLCCO0
goobooooooooboud —-obobooo
000000 GAODUODOO -, 0000000
gooon, No. 524, pp. 77-84, 1999.
50000000000000D00OO00DOOO00O0O0
goooobobooooobooonoooboono
000000 No.5800 pp.85-9201 2004.
60000 00000o0oboooooooooooao
oo00oooO0ooooooooooooooo
00000000000 ndNo.6010pp.181-18801
2006.

_44 -



ek

andy L WIEEEROMEAT AL 2006 H AR g o

AR=YRY FOKXSIZWBIFIZHE Ry FOHFRREBTHE
FRAFSCRD, BRI Y, WIMEERY, AmELY, K #Y, 2oy

DI BR 7 TR T 1 LFR, #9%, Dr.-Ing., ff@gifu-u.ac.jp
2) KBGI¥E (B Z=MIEANarsErT, Mt (L%
3) Kb L3 (Bk) BRFMFICATS, T
4) AR KSR TR R S s g, Bh i, T,
SB R/ KL THE S AT AT YA T5F, #fR, T

1 [ZC&HIC

MG CEH SN ®ENr—T % v N ORI, BE ST DR DLSMIE, A TH 7281
RADIRNERED X > MEENR D D, fHilé LT, AfRE, AR—YxRy b, NUEy 7, WiR, 7E0OH
RERDD, DX, HRONIMERERCEREEICLY, TORMANRBENELIT LR M,
AR TIHTe DB MRy FEFESZ LICT D, 2O D8R > b OFeME & BERENEIZE B L7 TPi 7220 Bl &
LTI, IA7#Egxy NOBA () Axy b, SATHEOAbzE <edls, KIRO EFBLIERR &
LTCOWERy b (HBRITRY N 2ERH B, LnL, mdRMERY MIOWTIE, HEELOMBDIREY, =
NET, EBRAORIIEIZIARICITHETSH 513000 2, BITEIZRF22690 ©0 720, ZoHEBELTEZD
NHDIX, TRy N TR WT, L OEBIICRHT 25803 720> 721300 T, FHllEdro
BLEADBIE, Xy NOHIEERRONEICE D 6P D8 SO EARIZH LT, FEFITHIK TH 2 803 %ET 5
o FTfRNT EORER & LT, ®RIERIEHE, FRRREIMEITS, 2y MNHOIETER R End 5, Rk
O HBE, MIZHEEL L 72RO D 720N A R —Y Ry MCOUW Tl R A 32, FHARE R & BRI S % ik
MRREL, 7To2MExRy NOZEBE AT 2T — 2 2T 22 Li2h D,

2 AR—YRy FOERBRELHE

fRFTRHE TR Lo r v PER LI, @FOBMEAIREN 289 b7 AEFEIL, DI O 2.1 HiTHF
W9 D IEHUEME DK Z M AAAVTZEZR TH D, T OEREOFEM S ML B OB B 7 iE I >\ T
I, SCERO Y IZEE LU,

2.1 xy b (EFR) OERA

B 1IZHDRNAFEEEWVORIZIE, MOWEm OB 1 (2-3-4 & 5-6-1) & KWW o 2 (1-2 & 4-5) O F&
HrRdH, W1 W2 LRCHHET, &S 50m (Fv v 7)) oA (RY) = 270) (250 T, HT ()
EBIESN) MR Z K 2 (2xT, OFIAFHEIN A7,

168. 4 mm

121, 1 mm

“SBom

®1 AARKOBESEL

- 45 -



X 2 OFHEERND, DD L ) FENBIE SN D, @D 72 WHET + 7 2 2 MEOBNIZ X 5 B
B’PUL, 1ZFEA B SN T REINCERRICNL S ERS, 2SR LT, )RS OMHET 17 2 Fb
72 B KNI ONER T, MRE L HIZ7 4 7 A2 MALT, BFEMICIEODREBERNBAEL, TOMRE, &
RO AR CHEBHRICERE T 5, LIe o C, SEEMERICE S £ TOXENL, MiET « 7 A v b
I EBLNITRD T BB END,

Load (N)
Load (N)

'
O  Experimental |7 o Experimental [

Computational |«

Computational [

0.1 0.2 0.3 0.4 0.5 0.6

0.0 0.5 1.0 1.5 20 25 3.0
Stroke (mm)

Stroke (mm)

(a) B11 (MVBFE) (b) B2 (K\Erm)
H2 #MuRtEoRE

VLD XS M BEROM R ESEIZ, HERERO D DM (KU =27 0) 1IZo0WTE, RO X9 7329
BRI SR R R 2 RE T B

N 2{( o) (b ao)2+4(,_z;\)2} M)
’»67

ZZIT, N A EA LiZZENEN, *y NEROEN) LMY, ZrickrmmOnE & R TH D, >y MER
I, HTRPEIZ Wb D &35, gldR y MNHEE OMEE TR ON DB 2P LA TH Y, T,k
(AL)= e\ BT DWrHIRE ) TH 5, K 3ITRT X I, To=0 D& =, K1) OREFKANIIbi-linear & 72V, (AL)=
& TIE, T OB AREREL 0D, ZO7D, BUNRT,OMEF0) TVHEIRE 2 ZEET 5, M2 TIEOM TR
BIEM %, WK ST A —X (g, T,y EAVEHWTHE LIZFEREZ IR TRT, ZOXIICRAESNT/AT X
— &%, I 1(g,=0.0003, To=0.01N, EA=560N) &l 2(g,= 0. 02, T,= 0. 7N, EA = 200N) ORERK A O o TEH
T5, LED LS REEHOH L, SATFOHEWD AR —Y 2y b OFHIHETER & Tt E 21T 77,

0.005 r N/EA

0.004 -

elongation
F———>

0.003 shortening
-

To/EA=4.0X10
=3.0X10*
=2.0X10

ooot v =1.0x10™*

0.002

To/EA=0.0X10"

AL %
-0.6 -04 -02 0 02 0.4 06

3 BERRAMETL

2.2 v FOMAARIK & BERIE
M LIRS AARO BN ZE k- TORRET, SEHZRRO ETRRE 7 L— 4 L [F CIES IS, =
v MEAZRER L7z (fy FAEITIRES), ChRBEE1THDS, ZORETERy M CRAEOAIL) Off

- 46 -



CE¥o llEL, vy hEOWH (AN) BIkET 5, 1 ODHAEWOREZ, — KOy MEFETHER
kL, BE1IZHD 3y OIS T 53R T L & EiaoilE %, 4R T, REBRED 430 LD
BB OWEEFEET D L, 666 Him, 962 B, LT 1788 HiSH HE® FEM BiibeT v & 72 5,

™
EE1 FEHLZRKIZERELERY F 4 Yy FOEBERETIL
X v b OEEEAL PR TR, Rk X icE x5!,
E(u,p)=0 (2)

Z 2T, E(u,p)i, EiEICBITRHEFEMm RS FALT, RORNDENIDEL L TEET D, HiEE
fru bmEESEp A, X (2) 2T EE, FHEHE (up) 25, BE1ORENS, RBRE7 L
— LIRS T2, DEDLIRD),B)BLUYP)D I S>O#HMr—AIZHONWTER D,

EE2 DEEZz#fmshiry FE

DD Ry FOBEE(EE 2 K5 BLUHES)
BEE 1 OVHARERKEZ, SMEXxy ok LT, KQ@QoELE, ROLXIIZERELT, B
EHATEO LM IRE, —a— R« F 7V ETHETSH,

E(u,p)=R(u)-f (3)

_47 -



R(u) 1%, f#IAZENM ulZEKFTH2NNIX7 VT, *y hOBRE (£E& 4.163N) 1L, EffEZ K
NV ECTEB LU, R R HEMEZ, X5 THET S, * v MlTEIZIMRD TH O T, BESLIT
DIER FIZH2%G1%, oA OFHME & HEMEIEX, BHFIC—%T25 (8D D) HL&M),

O H H H H H H H 0
ST T N NS S S S SR SN ~ 50
g ; ; ; ; ; : :
) : ; ; ; ; : : g
D e R S e e s e 2 100
5 : : : : : : : % " : :
™ -150 h """"" """"" """ E Exp.erimen.tal i N 150 " """"" """"" ° Experimental
i | — Computational i | — Computational
-200 ; -200 .
-1090 0 1090 -1090 0 1090
X-axis (mm) Y-axis (mm)

®5 D) HEHFDOLbHMK

B *vy FOBE+Ry FERRIZA—ILFHE(E6 & UEH 8)

DX D) OVHRREIZ, Fy FHRIIMET 2 SAEOEARIZ, A—/LEE (5. 174N) © 1/6 D
Z, BEIZHIAWEE LCEHSES, ZoEMSFICH T2 EH N7 hrve, DTOXTESR
T 5,

E(u,p)=Ru)-f —pe (4)

A=A mElE, XWOLFLOFEIHTEERL T, MELHpZ, N AMEICKHETIHMEET— R
e DfERETH, AR EHEMRELZ, H6ICBWTKIET 2, 2oL X, Xy MIDOE LS
WERL, EbBZPNRRIZEFL, EoiamiERmitss (M8 dB) b5, bAhDORKEIDH
BCIE— RIS, BlEOR Yy NEBLVFHEETLOEN, DT HIEWEIM:Z =T/ H 523,
962 EHEIZLDHEBILET L TH, mbASAORILIZLS BRI TS,

0 H H H H H H H 0
= = -100
g€
£ £
2 .2 -200
; ’ : <>'§ : : : - : - :
N ° Experimental |} N 300 h ......... N Experimental
— Computational — Computational
_400 H H H _400 H H H i H H H
-1090 0 1090 -1090 0 1090
X-axis (mm) Y-axis (mm)

6B Ry FRRMFEDR—LFEIZLS Y FHE

P) vy FrOBE+Rry FEOBY EIF(ETELUEHES)

D) OEEMNE, K4 RTHiM 334 %, EZHVTHEELZRALT, EHIC293m7Zi0mY EiFs,
oMY EFHE, R@OOEDOE 3STETEE LT, BMHE Tl S5, FHIME &2 ik
L7com, M7Thsd (M8DP) M), ZORESr —ATIL, TLoAHNAMORKITbE, B L S
HlzEA, MY TR (HiR 334) REiAERd, ZOHGL, hAhOFHME L FHRMIL, B4R
—H¥T %,

_48 -



300 : : : : : : : 300 : ; : : : ;
o Experimental I o Experimental I
= 200 F , Rt RN P - - N TS N S— brenenees
g — Computatlonal : : : : g 200 —_ Computational H H H
2 100 ; 100 : : :
5 5
N N
100 : : : ; : : : 100 : : : ;
-1090 0 1090 -1090 0 1090
X-axis (mm) Y-axis (mm)

7P EAIZRY LIFf=xRy FHHE

B8 EETRDEx Y MM

3. HMEETILOEBA (A9)

FBARER L OLBMAEIC LY, FEETAVOZNERRIEINTZOT, U FTIEFIEETVOIGH
BlaeEzxb, FRICHWEARAFROHGEVO XYy b (NAFRRy M EWBHRT2) oftlic, 3HEET L
LT, HO0EOONUAEOREVORy b (MAEXy FEMET L) 2525,

M 1LICHLRNAFOEEVNOREEE, M2I2H5 ARy hOHAWOE (18x17 ) % HRJ7
TZPTERLEZNUAE XY b (BEVWOEKIT 17x19 ) TH v, HE & EHEd 2 ihmpEz ik 5,
ARy MOWTIE, TXTH 1 oWrm a2 E L7,

M9 BEICEDSRY FHEREDOEN (hHDEEE3.0)

WA xy FTiE, 2180mm x 2180mm O IEFEHEIKEEREZ, 17x19 HOEFEEEWIIX ST 5,
ZORER, H—-HAWE, 128mm x 115mm DR HE OSAEOHEHIED 96%) &7325, T-XTH 1 OWr

-49 -



HEMRELEZESFEX Yy hO2ER (2.655N) 1, NAFEFR Y hOREE (4. 163N) D 64%I2725, N
ARy b ERERIZ, 11 ROFEFR CHEBL3 5 &, 864 F3&, 610 fism, L T864 HHE L5,
WMAATFTOHAEVWOR Y o, HE#ML, TOLE0xy MIEORIELZ, EVWRHAMKE 2D X
INCHIREM ZER x3 THRL T, M9 THET D, NATR Y ML, KWHEOM 2 2579,
R E 2Bt EE P25 (X 2) 2256, WAFE Ry Mol T=bArENRKEL D, £
v MR OFEICE L TiX, SAKREy bOohR, LoEsrdhimaz AL, BEHEEOREICE
WEBEZRT, —, ARy MIEGm (XY Hm) IZmuwhAmtEEzrL, KOBRETHDL Z LI
MzZT, VDD BN TNR 1 (K2) THHED, mbhbArEL/NESL, BONINHL L
SREL 7%, BRI 9 OOHIN/RT L 21T, v MmO B ITIC, i 2 5 oo B 7o R ek
(Frnfa) nEHT L,

4L FLO

oD BMEFR Yy MITOWTIE, BEBMOSGE, MIEARIIEHR T, AREMOIZEALE, Hx
DO (EFE) ORUEKZEAM L 725, FRIC, WOBBEENBICBIT 27 07 A Mo, T7hbbEMR
I ICE A ETOMM WD B e, Z AT HZ LT TERY, ZIITHOREEAM E & HiZ, 725H
Xy hOBEOBREZ @ THERNOOLESDTHLH D, ERTHMGEICHEW ML, b
EmWHIMEZ R THAR Ry NERRY, NRAKRy ME, Xy PEEE L TREEIZER, EhHMEE
BEMWNRR NG, NFEMICIIEOLEREREISTEWES 275172, G Lo bk oiEs 2y,
KRR D FZBRIEIZONWT HENTZEREZ D, ZOMEERIL, 7oA MRy MEHWZH L WS
BHAEEZDEEDOR L MERD, FTLHEELEHT ISV H D EEICE T 2 ET —#
2, RN T A= ORIEIZIE AR EZRD, LL T, WMoOMOEe o icstsd 58%E
DEEEDORRED ERIITEEENEY, ZORICEB Lty "B ORI TEORE L, kAl
ETNOREEN, SH%OMELE 2D,
BEE AR, (W) BEATIEREE RN IR 2> 5, SERR 17 2B ICHFZEBh A (FEARER R SCR) 23210 72 2
Lk, LLTREET,

B5EXE

1) HARBEFRME  ZHBEOEMEMT T A R7 A4, BAREGY 2, 2001

2) LERFEW: r—7 0 AX—AEEOREBELISH, #ifEES Y —X 11, BARFSE, 1999,

3) Irvine HM, Sinclair GB. The suspended elastic cable under the action of concentrated
vertical loads. Int J Solids and Structures 1972; 12: 309-317.

4) Piertzak J. Matrix formulation for static analysis of cable structures. Computers &
Structures, 1978; 9: 39-42.

5) Fried I. Large deformation static and dynamic finite element analysis of extensible cables.
Computers & Structures 1982; Vol. 15, No.3: 315-319.

6) Fujii F., Noguchi H, Osterrieder P. Static and dynamic large displacement response of
flexible nets. 2003: TASS-APCS, Taipei.

7) Fujii F., Noguchi H. Flexible nets in statics and dynamics. Proceedings Volume I, ISBN
951-39-1868-8 ECCOMAS2004 2004; Jyvaskyld, Finland, CD—ROM.

8) RfafEzz, AATHEME, BEH UK, BOMA 2 AMEEIERIEEREOH D 3 v N OFHEHEIE, i
T 525 CHE, Vol.50A, 151-156, 2004

9) Fujii F., Noguchi H., Oda K.: Flexible and incompressive goal nets in soccer, Invited
lecture, ICCMO4, December 2004, Singapore

10) JRFICIG, WER, #HEHE, KRG, =HMP IEREHEET T VOEINEE L REE, HA
TH%> ) —XxX2 =auwa)#, 2003

11) FEHSCIe, Kby f, MiEVEZ B e s O S %, SR ITEY Y —X 3, ar ik, 2005

-50 -



i
1
bl

arkyL MEGEOMATLAIL 2006 g

EHERY T7 14— FETILIZ K DEHADOIIRFEEE

WEOEGY,  BmEEEmz?,  =ZHmEY
1) BHMTERZT IR, K¥Epid
2) EAITERERFLTEE, %, T
3) AARKFAFET R, Bh#dz, T

1 [ZL®IC

EFEEFI=2—TF Ny MU= OHFHELR v 77 4 — RET NV EHWICEERRO Kb FE 2 7%
L. ZOHEDMEERLTEE Y, ZoREbFETo 2 —a OB EIC k- T, =a—a Ol HE
D 2WIEATRIND =R F—EB M Me T2 EE2FH L2 b0 T, R#EbiEZ Z o x5 —E
ﬁmﬁiu%ﬁ?é_kuiOTWﬁ%%ﬁbé%@fﬁé L L7en b, s kRO B #IREECHlR
&b Z Oz F X —EHOERICER T H720120F, WL O00iilf, 72 & 2 Xy 7 A AW E S
ThHZERHOCHEA LW Z LR ERH D, Iﬁ%£¢5£#w<o#zgf%é A TlL, Zhbo
R S A R U7 S BRI R » 77 4 — L FET L 2% W TR RE LRI ICE L, = oA
WL ONDOHIBEIZ L » THRET 5,

2 EfERYTI1—ILFETILOHR

B, =a—I Ry NT—27 OWEFHER Y 77 4 =L REFICONTIRRS, Zhid=a—a i d
W%ﬁ%umﬂﬁjﬁ YHBEAMIC L > TEIT % & &, RE)TEEIND T RLF—BEDHIMET 5 &
IBLOTHD, ZOTRNAX—BEEICEEERIED HIREEL & HIRE 2 S S5 2 LI k- TR &
RODHZENHEEIC D,

dzm _Ly m+anm+|m @
E(t) ———ZZ MOV, (1) - Z v () @

i=1 j=1
ZIT TjlE=a—ay | i ~OY T FAFEEMET, T;=0, T=T; THD, || lF=a—mriolsn
fET, R (RO) IZANDWEEL TH D, IBHIT, yt) d=a—a | b0 NEEZRLTEY, 0005
1 FCOEFETH D, ZO=a—arOHIE ), NEMREE wt)O BB E L TxX@)D L9
v 7EA RREETEIND,
v, (t) = 1 ©)
1+ exp(-2u; (t)/ 1)
I TulEv T EA FEEROBRER T T A =2 Th D,

B LRI O BB Z = 3 L ¥ — BRI AT 256 BRIBEE HE v D 2 Eic LT, v 7
TAFEEMESL L EWVEEZRE LTI b2, 20L&, U7 AEEMEOFMER 84 B
VERD DL, 20X RHENEZIRY R 720 L&Em@kmm$7774—wk%7wﬁi%@uiOTﬁ
RINTWD, ZHEFEOIER LM FRXORD Y ICk@EHW-bDTH S,

du; (t) _ _ 9E(t) 4
dt ov, (t)
Za—arOHEAE v)IX. 005 1 F TOEEHHE TH(3) & FAICNERIREE u@)o Bt cd 5, =
DFEBRY T 74—V RETNAEENESE D Z LICL - T, =R F—BOM/MEBRIEI N TN D
@L\i*»?—%ﬁ%%ﬁ#é%é\ﬁ@@;o&%ﬁ#&w®f%ﬁﬁWLM%tmebg<ﬁof

-51-



W5, SbIZ, AMDOBWEEHR B RET/NT A—=FDEL D> TnD,

3 HWBEERYTI4—ILFETILIZLDHBILF

IIE

AT CIE R HBIR v 77 4 — L RET M K DR E(LOFIAZ L ISR T,

1) xEtaE & PIITRIR O E

X1 TRd &9 ICREHEZ M ESTEOER & LTRYIY | £ 2D = 2 — 1 SIS S &

Do FITEIRITER I HE D25k & T 5,
2) =a—nrOHINEOYMERE
WIZ, Ry T T 4=V RETNLD
Za—RYOMIIMEERET S,
Z T, v(0)=05 & L7z,

3) w7 T 44—V RETILOEME
FEM §H5 2179 Z L1k » T,
&) OAH 4 IS 770 [ A R B S % &
Bt b, ZOREICHESNT, Ay
7T 4=V RET IO R )LF—
BBWRTHET, =a2—r DN
ke & B IR LEHR 5,
4) MEEFEOHIBR

PERDOAFZE VTIZ, IR L= 2 —u Ol
MO0z Z2 oG (EMIIE. DS BE « -
TV e DA, OLHIELT), £ED=a—n
WY T HREEERZHIBR L TV, =a—1
DHIMEN Y 7 A FEABDTCRAREL 1 12 K- Tt
AT D20, ZONRTA—FERET HT-0D
WITFTEER 2 R DML ER b o T2, KTl
DR E RS BT DIl = 22— O JIED KN
FRZEFHA, NS WE D 206 HHIZ REHIBR 5 &
Y ERE o, ZORIBRT DEBRIZ, RNT A—
2L L ThHzT,

5) LAF. 3) & 4) #HBEEOR/IME (fi/]ME)
DIFHND FETHY IR,
LEDOFIEEZ 7 v —F ¥ — h T 21277,

-
—

-
—

4 FEmx/MeRBEICHT HIEH

4. 1 BBREKRYTI4—ILFETILOMHFE
XEIRILF—REH

O, HEEY OETE % e/ ME T 5 s b RIS
DNWTEZ D, HIRSEMF, HEEE I BT 5
WSS o, OFHENBIEE U CED DY oF
WD ETH D, ZOHBIBEE LIRS,
TERIND,

1 Z—a—AOyriEEDREZ

4

AHNREE. HADFDNT A—F DOFRIE

|| koo omusstes FEM &0 EH

H=a—0  ORERREE R O IEE KD S

TR E 25

E AXH L7223

Yes

e

| =a

— DI

E1E B BB 5 /)

No
Yes

2 72A—Fv—Fk

2—n i OHHE v 2 AN T, 22X (6) % O(7)

-52 -



1 .
HEORE% : f,=—> Awv, — min (6)
Wo i=1
%I f,=— Y gy, —1=0 ©)
no - iz

DT AwEHEEEROBRL Wo RARFHERO KR, n IAEL T A MEER OB TH S, &
BT, LR (DT T A FRHA &I T, WD & 5 ARIEO 2 OB LRI H 9B o2
HTENTED,

EIERBES : f = f, +Af,° ®
ZOBESN BB E TR F—EREICT D 2 LT, @S HRA@EIRR(OO L Ick D,

AWAL B 2t 1 &

W, ot (n Z_;ajvj -o, 9)

u (t+At)=u, (t) - pp

4. 2 EEBFI1 : Michdl &2 1 T#E

BRI OWTHRGEET 5728, K 3ICRT & 5 22 #HEI(10m X 5m) TR S 115 Michel & o 7k ¥
DOV TEZ D, 3D K HIZ, BREHERO PR NICERFE 1KN 2 EH S8, Wi R T 2, 7
HREETIZ, 2 TOMEERNFET LD LT D,
Fo, ma—uarOHIMEOYIHEE v, (0)=05 &
L7 S50, =a—8a rONERiES FT Y HIE
Ui 0)i%, XKQR)D > 7 EA R OMBIE L k7=,
£7-. WWE% 01m, Y 7% 100GPa, K7 YV 5m
%03 L L HEEZEOY A X% 0.2m X 0.2m THy
FL T, 50X25 & L7z, BEEL T M5 DY)

10m

1 ofF =6kPat T %, "y 77 4 —L REFILIC b E 1KN
WL 72 B XT A—21F, At=1, A=1, =10 &
T5, £/, WE L= a—u ol HEIcE SN X3 &&EteEE

o s SO

(a) step 10 (b) step 20 (c) step 40

15

!.l |-I In r.l |-I In r & n E

(d) step 50 (e) step 60 (f) step 72
B4 Michel %2 1 THEDER

-53-



8000 14

—{EE B
7000 | 12 ~. — BRI
6000 - ESES G
5000 |-
©
2 4000 -
b
3000
2000
1000 02
0 o ‘ ‘ ; _—
0 20 40 60 80 0 20 40 60 80
Step Step
(QHELEHDHS (b) BROBE%K & FIRIKHDHF

M5 MHHEHEBHERDHER

THIBR SN DS EREOMEITI R=10 & L7,
Bl 4 IR DO EA L DR AT, R ORI LIS O@EEREZ R L, BIESIR R D8, Y4605
W EERLTWD, ERFHERO WK HA YIS IR g A BIEICHIBR S TnE, 7—F
DIGRIZIR 0 2235 (d)D K D IZHIEROM YIS DIRWER 3 HIFrS T, £ LT, 12 A7 v 7 TH
O SIS O FEHENRS DD MRS AR o7, F72, KSICHYIES oF SE T BRIBIELf, BRI
fi. HRISEER LR OHEB ORI EZ R, EIERK 0.16m
B f OB EZ RD &, 72 27 v FAHRICB W T
INZT2e o TND Z ERMERTE D,

.Im

4. 3 iEHI2: FEHELER
W, K 6IZRT L5 R E RO R b5
(0.16m X 0.1m) ZaFtfEk & Lo ikiE e i ETiS K
DNWTHEZ D, MME% 0.00lm ., ¥ 7% % 207GPa,
KTV oA 03 L L, EEFEDO YA X% 0.005X
0.005 THE L, 32X20 & Lz, &Hic, HiELS 6 EXEtHELE

o

(a) steps (b) step10 (c) step20
b e, g™ I
i W B a i K,
0 il N | 1
o n o g |
- |'-..'-" . ~ o B
(d) step25 () step30 (f) step32

7 ARLEBEDEM

-54 -



08
07

06
200 05

— EEE B
— BHE%
LEPES S

03
02 r
01 r

0 10 20 30 40 0 10 20 30 40
Step Step
(@) HAIEHDHR (b) BRIE% & HIRIEHDHETR

X8 ML BNERDIHER

LAY IS E 0F=200MPa & L7z, F7-. Ry T 74— REFLD/RT A—F T Michdl % A 7R DR
e FUICHRE L,

Vlal—valrOfREHT L 8ITTRT, MTIIBROZ(LOMTFEZRLTWD, AT v 7 OREICHE
VY E S R ONE S AL T, h T AER L TV 2 Enbhd, Fo, X 8IFMHYINT L&
1EHAIRE% f. BAJBISK fr. HIFISRIER AL OHEB ORI TH 5D, BRIBIROEREIT AR L, #HIKS%
PRV GG OSEIED HEEIC 72> T 3R AT v 7 TIRIE 0L EIERIREE f i/ MEEShTnb =
ENbnD,

5. EREFHBREXNEHE~DLH
WSO 1 IREAIREE & T 2RI OWTE R 5, KSR EIREY ORKEELZ TO 52 bhi
HAEWICTLHZETHD, ZoREREIIRADO L ) IcEbsh s,

ARBIEC f = — o - ma (10)
0
y 1
i ERES o fz:WZAW€_1:O (1)

ZIT QAT v TITB T 2MEN OB AT, oo ZOROEA, AwIIHEEROERMTH 2.,
ER(20), W) FSF AT 455 ZACTRE@)D L D ICEBT 5, 2k, BEAME 01X, EAEZ b xEH
Wb A U —FIc i VRO LS IcEREND,
2 X KX
X" Mx
22T K et by 720 M iZERERE~Y ) v 7 2THD, 612, ERITERUSKIET D
—a—aYOHNEVEHANTKRO L IICRTZENTE D,

ZC€V€
2 )
@ :Z(dfvh ’ szgﬁkij (X o Xy Z m, % X (13)

i

(12)

(

ZZT ki, oMy ox 1E. ENENREROOMIMEY N v 7 R EBEEY N v A BAAEXY ML THD,
UEXY, R SNERHEAS » 77 4 —L By U —7 O AL, RE(A4)D L 512705,

-55-



u, (t+ At) =u, (t) — At _lz(ci >dyv, ->cv,d j + 2’13\\;\/(3\\,’\/2\’” —1J (14)
¢ ¢ t t oL
o Zav. |
0

TR B L R E O 355 2 IR R
9, AEHEIRIEX 9 1R K 9 Aeil
mEEDIZY ITh D, BEIX
7000kg/m®, ¥ 7 %3 200GPa, K
TYUHIZ 03 THD, BAYA X
1% 0.06mx 0.05m (#/Zi% 0.1m) T,
rEE A 10020 & Lz, BIELT
DRFE WE IR, RREFEIO 90%1Z7%
E L7, HIBRT 2R RIZ8 L L
770 26 2T v FICBIT DIk %
X 101278, 20 & & ORREITR*ET
TEIR D 90% T, HRENEU TATHIE R (X
9) OYRENEL 1785Hz LV 11.9% 5
72> T199.7Hz L 72~ 7=, KM 1112
EIEBROBI%Lf. BBIS —f, | il
Kt 267 OBILORET &R,

S

et

o

9 MK

10 H=#ERIK (step26)

2
6. BHYI — EEH /B
T, HEMOR Y 7T 4 — — H 9B

AR, BERIROI Y T A R AT :
IV REF IV AR - 1= d5HE DT R &
WEFEERRLE, SOFREE ]
BB IMERE &SRB Bk (LR o 15 20 = s
W L, £ OFIMEIZ OV T step
L7~ K CHWEGER Y 77 -Lor —

S =)V RET L, VT T AFER T
BOLIWEEZTEDAMEN/R L, -2

5T, fEROKR Y T T 4 —IL RE
T AT, RT A —F OfEE L D>
VAR

11 BrIE% & GRS GOHR

&

1) B, =H Ay T 74— RRy b — 2 IZ X DkRO IR G, FCST 7 /v v B4 RIMPS
VAR TY T A, 20054 10 A

2) Y. Takefuji and K. C. Lee: A Super parald sorting agorithm based on neura networks ,|EEE trans. on circuits and
systems, 37,1425-1429,1990

3) Xie Y. M. and Steven, GP. :Evolutionary Structural Optimization, Springer-Verlag,1997

-56 -



anXky s HIEREOMAT A4 2006

m
-
&
=
S
i

OO0 ESOO0O0DOUOOOoOOoOooOooOoOon
oooobYooooo®»ooooa?d

)O0O0O0O0000000000000 0 ishikawa@dali.nuac.nagoya-u.ac,jp
2)000000000000 Okajita@dali.nuac.nagoya-u.ac,jp
3) 00 000000000000 (O00)0 hero@dali.nuac.nagoya-u.ac,jp

1 0000
OO0ESOOO0O0OOODOOODOODOOODOODODODOO0OOO0OODODODOOOOOODODODODODODOOOO
gooooooobobbobbbbbbbbobooboooooooooooooooooooboboboDbn
ocooooooobDoooUoooooO0ooO0ooooDOoooOooOUoO0ooOoDOoOoOooESOODOOOO
gooooooooooobobboobobboouoooooooooooobDobooobbbboooboDoboDboo
goooooooooobobooboobbobboboboooobbobbbbobbboooboboogo

2 Dbooboboooo

21 O0O0OOO
oobooOnOOCOODODOOOOOOCO:OD0000000D0DODODOO0O0O0OOODODODOOOOOO
goooooooobooobooooboooobooooboooobooooobooooobooooaon
oboobooobooobooboobooobobobooboooboobobooobOoobobooboooooaon
gobOoooooobooobooooonn

[K]{u} = {P} (1)

n00000000000D0:000000000O0Q0U0ODO0OO0O0DODO0OO0OO0O0[K|ODODDODOOODODO
0000000000000 00AK|ODODODOOOOO

A[K] = [K] - [K] = —[K'] 2)

0D0O0[K]Di000000000000000000000O0{P}000000000{a}000
0000000000

[K]{u} = [K]{a} = {P} 3)

0000000000000
[K]{a} = [K] {u} + [K]A {u} + A[K] {u} + A[K]A {u} (4)

D000000AKA{u}00000000000A[K]A{u}~000000000 (4000000
00000000 A{}000D0D00000O0O0O0O0000

Afu} = —[K]T'A[K] {u} ()
000,/00000000000000000000100000000000000000000

{(FIY'00 G oooo00ooD {F}) ={4} [K]0D0D00000000000

-57 -



Au; = {u} [K7] {u'} (6)
0D00,{«}0{}0000;000000000000000000¢{uw}0{}0000i0000

ocoooooooooboo«:0b0o0oobo0oooooob g jO00b0bDO0O0O0DODOOODDODODOODODODOO
00000000 0000000000000UUU0DU0DO0DUDUODUUOOOno

aij = [ {u} T [K7] {u'} | (7)

2.2 von Mises O O

000000000 0DO0O000OvonMisessOOODOODODODOOOMisesOODOOODOOOODO30
00o0oo0ooDoo0oo0oo0ooO0ooOdoooo0ooooooo0ooDoooooDoDOooDoooood
00000000000 0000000 vonMisesd O 0, 02000000, 0y0000O0 0,000
oo, 0000000O0D0COO

Ovon = /0% + 02 — 0, 0y + 372, (8)

2.3 NURBS

0000000000000 000o0o0o000o00oo000o0o00Dooo00DoOoO0oDDoo0oO
0000000000000 o0oo000o0ooO00oo0O000o00o000DoOo0oo0o0DooOon
000000000 oo000o0oo00Doo0o00oo0Doo0o0o0o0o0oDooo0oDoooo0o
000000000000 0000000000B-00000 (Nonuniform Rational B-Splines, NURBS)
0000000000000 000000000o0o0o0O00Do0oo0O000o0o0OD0O00DooDooOo00n
OO0ONURBSOOOOOODOOOOOOODOODOOOOO0DOOOODOOO0OODOOO0OD10000000
00000000000 o0oo000ooO00o0o0oO0O0DLO000DOooOO000DOoDoOO00O0oDoooo0o
Ooooooooooo

(0O DOD0DD000D000 (000000
01 NURBSO DO OOO

NURBSOOOOOOOOU (w,v)  DODOODDOOODOODODOOOODO

it 2o Wi Nip(W)Njq(v) Py
Yo o wigNip(u)Njq (v)
000 wvha00O00OOON,,,N;,, 000000000P,;00000w,; 000000000000
0900003000000 000000000000000000000000000

S(u,v)

9)

-58 -



3 0DOoOO0oooboooao
ooooboo0OooooobbOooooobbooooooobboobboOoooobObobOooooooooan
oooOoobooobooobobocbooboooobooooobooooboooboboooboooooooao
goboobobooobooobobooboobboooobooboboooobboooobooooboboooooaon
OO0OOvonMisesUOODODODOODODOODOOOOOOOD

31 000000000
0200000000002m0000000000000006m000000000000000
0000000000000 00000000000000000000001m000000000
oooo0o0oO0O0O0O0O0O0OO0OO

() 000000000

() 000000000 von Mises 0 O
0000000000000000000000000000000000000000000000
oooO0oO0oO0oO0oO0OO0OO0O0O0OO

2m

02 Ooooo

ooooOoooooboooOoon goooooOooooobooo

STEP1 STEP10

ooooOoooooboooOoon goooooOooooobooo

STEP6 STEP28
03 000000 ooooooooao

~59 -



o3b0coobooobooobooobobooboboobooboooooboooboobooboooboobobonn
obOoooobooocbooooboboboboboboooboooooboooboooboooobooobooon
coooooboooboo40000000O00DO0ODODODOODODODODOODODODSODODOOO
gobooobooooooooboooobooooboooooboboooboobobooobooooobooooao
OoOO0000D0O0o0O0O0DO0ODbODOO00O0oOo0DbDOb0O0Oe60vonMisesDODODOOODDOOOOODO

1100+ ]
1 1.8 gEE Ry Ny WA
1000 o
Q2 o 1
900 EE12
E” ] Z 3 —n— Max
< 800 > £09 o Min
g ] 2206l 4 Mean
N
© 700 [\ 2006
g /\/\ / g 203
600 \/\/ « 1 AAAAAAADDDNLDNDLDNNNNDDNNNAND
] 0.0 00:66:0:0000000000000-00000-00000
500 T T T T T 1 ] T T T T T T
0 5 10 15 20 25 30 0o 5 10 15 20 25 30
Iteration Iteration
04 0ODOODOO Os5 oooooo

ooooOoooooboooOoon goooooOooooobooo

STEP1 STEP13

ooooOoooooboooOoon goooooOooooobooo

STEP7 STEP22
06 vonMisesO O OOOOOOOOOO

OO0OOvonMisessDODOODOODOOOODOOOOODODOOOOO3000000000DO0OO
goobbooooooooboboooooobobooobbooooooboo,b0ooo0oooboao
goocobOoooooboboooobOboboooobbbOooobooooobobooOoooooboooooooan
ooooOooooOoooooOobOooobooboooboOoooobObOooooobooooooboooooan
gooboboooboboboooboboooboooobooobooobobooobbooobooooao

- 60 -



oooooOooooboobooooboooboooboooobobooooboooobobbobbooobbooooao
obooobooobOooooobooboobooboobooboobOoobOobOoobOoocboobooobonn
gooboboooooboooboodoooboboooobooobooboboooobbboooooobao
gbooboooobooooobbooobobooooboooobooan

32 DOoDOOO0OO0o0OO0oDOoO

gobobooooboboooobboooooboooooboooooooboboooobbooooboboo
coooooobot2m00000D00D0D0O0OO0DO0DOO0OMMODOODOODOOOOOOODODO
oboobOoobOoooobobobobOoobOoobooooobOooboboooooboboooobann
go0o0oO0oo0ooUoUoUoQo/oo0O0U0Uo000OU0oO0OOO0OO0OO0U0O0ODOODODDODODDOODODODODODDOOOO
0000000000000 00D0D0O00000DL0Do0D0O0000DU00D0D0D0OD0O000DUoUD1/40
coooooooobOooooobboobo0mbOobDOooOOo OoDoDOoooooDYyDOO0DOO0OOO0OO

goooooOooooobooo

STEP1 STEP14

ooooOoooooboooOoon goooooOooooobooo

STEPH STEP22
07 ODO0OOODOoOOoOooOoooa

1100+ 2.7
1000 24 e/l e
_ o2l I
900 2 518 [ T—e
CHER EEi5 2 —=— Max
v S5 O P M
< 800 Z 819 . in
= | 2o {www™ - Mean
.o0 S .209
o 700 = AAALDDAAA
= i g 5 0.6 A ANABBBARA
600 & T0344°
1 0.0 0:0-0-0-0-0:0:2:0:0:0:0:0:5.0-0-0-:2:0:0:0-0:0:0:0:0
5000 5 0 15 20 925 0 5 10 15 20 25 30

Iteration Iteration

08 ODOoooono o9 oooboo

-61 -

O O

O o ooo o



ooobO0oooooooooobooboooobobooooooboo3ooooboobooooooooon
obOoooobooobObOobOoobooobooobooobobooboooboobooboobooobOoooooon
goooooooboooobooobooobooobooooboooooboboobboooboooao
ocoooooboooooobooooobbbObooDbOOoOoOo0oOooboooDOoOooOobD s oooOoOoDOODn
ooooooooobooobOoobOOooobObOO0ooobOooooboobooooobooooon
oobOoobOooobOooobobOooooboooboooooboooan

4 OO0OOOoOooao
0000000000000 00UDoo0O00 (@MU 0000000000 D0)0D0000D0OO0OD0OO
ooooboooobooooobobooooboOooobOooboo

(00000

Ny,
WY
A

NN A AR
NN

22.Tm

VANV AV VIV

N

AN
Y

W VIV
NNV AAAIANA

21.56m

(hyODODDODODODODO (oo D
010 Ddoooooooaao

=

()000 ()OO ooOOo
011 vonMisesOO (DO O+0000)000000OO

-62 -



011 00000000010b)000000000000000000000000 23kN/m*®00
ooooOoooooooooOobOoooooboobooooboobOoooobooooboooooooaon
goboooboooobooooooboooooobooooboooboobobooobobooobooooao
vonMisesD OO ODOO0ODO0OO0OO0DO0ODODOODODOOOOOOODODOOODDODODOOODOOOOODOODOO
ooboooboooooooooobObOooobOoooboooobooooOobooobobOoobooooboooan
0000000000000 00O0U0U000o0oU0DO0oDoOU0DO0OoDOoUOOooOOoOOO 10(e),(d)D DO
00 (0000000000 0000000000D0D0D0D0D0D0D0D0D0D0D0O0OD 1101200000
0000000000000 00000000000 2kN/m*0000000000D00000O0O0
ooboooooooOoooooobOOooobOooobooooOobooboobobooobobooobooooan

oobOooooOooaon

oooooOoOooOooooo ooooooOoOoOoOoOoOoO
STEP1 STEP12
JooooOoOoOoOooOooo oooooOoooOoOoOooan
STEP3 STEP18

012 vonMisesODO (00 O+0000)000O000OO

5 000

oooooooooooooooooooopoooOoOoOoOoOooESOODOOOODOOOODOOOODOO
NURBSOOOOOOOOOOOOODOOOOOOOOUOUOODOOODODOOODOUOUOODOODODOOO
ooobOooooOoboobOooobOOooooOobOooobooobOoOoooobooobobboooobooooao

gboobooobogooooooooooobooobooooooboooboobooobooobooboooooaon
ooboono

-63 -



oooo

10 Y.M.Xie,G.P.Stevend Evolutionary Structural Optimization[d O Springer-Verlag,1997.

2000 0000000000000 0O0O0OO0ESOODO0DO0DDOODUOOOODO.ODODOOOOOODn
00,0 5390, pp87-94, 2001

300000000000 oDESOODDDDOUOODDODO0DDOoDOUOO0DDODODOO0DOODoDOOODD.
000000000000,0 5520,ppl09-116,2002

40 E.Crevera,J. Trevelyan, Evolutionary Structural Optimization based on Boundary Representation of

NURBSO O Computers and Structures,Vol.83,No0.23-24, pp1917-1929, 2005

- 64 -



anxy L IEREROMT AL 2006

AR 2

goooboobbobobbbbbobbbobobboboobobob

Do ooYooooo?
HOO0o0DO000000000000000o0o00oo0O0Uoo funahashi@dali.nuac.nagoya-u.ac.jp
2)00000000000000000000000000O0O0Ohero@dali.nuac.nagoya-u.ac.jp

1 0O
oobooooOoooboooooobbooooonn Re-
dundancyO 0 OO 0OO0O0O0OO0O0ODOODOOOOOO
gobobooooooboboooboooooooon
gboboobobOoboboboboboobobo
gogoobooooboooobooobobooooonog
gbobobooooooooooboobobobo
gboooooobooobooooooooooonoo
gbobooboobobobobobobobobo
gboboooobooooboobooooooobooo
gboboboooooooooobooboobobo
oboooooboooboobooobooon
oooboboobobooboobooobooooogoo
goboboooobboooobbooooboboooon
oboooboobooboboobobobobobobo
gooboobobobobobobobobooobo
gbobobooooooooooboobobobo
goooo
goooboobooobooboboobobogoooogo
gbobobobbobobobobobobobo
obobooobobooooobooooboooboooo

2 000000000000000

000000000000000ooooooon
000000000000000000000000
(Redundancy)0 0 00000 OO (Robustness)0 O O
O (Vulnerability) D 000 0000000000000
000000000 000000000000000
000000000000000000000000
oooooocoooolooooooooooooo
O00000000000000O0 (Damage Tolerance
0002000000000 000000o0onooon
DoooOoO0oO00000000OOoOoooooBo
000000000000000000000000
000000000000010000000000
ogo

- 65 -

ooooooooooooooooooooooon
o0o0o0oo0oO0oUooUooUooolmoooo
ojoooooooooooooooooooooo
000000 0D0O00DO0OO0O0Redundancy 1, Redun-
dancy 2,...,Redundancy n0O0 00000000000
goboodoooooooooooooooog

o0oo0d0oooooooooooooooooo
000oooooooooooooooooooooon
oooooooooooooooooooooood
oooooooooooooooooooooooo
oooooooooooooooooooooood
oooooooooooooooooooooooo
oooooooog

DAMAGE TOLERANCE ( <—> VULNERABILITY )
ROBUSTNESS

REDUNDANCY1
REDUNDANGCYn

REDUNDANCY2

Ul oooboboooooobooo

3 0000000000
31 0OO0OO

00O000Pandey0 W0000000O0O0OO0OO
000000000000 000000000000
00000000000 0000000D000000
0000000000000 D000000DO0000

1

Response Sensitivity
(1)

0 0 0O O Generalized Redundancy 000000000

odooooooooooooooooooooog
00oo0o0oo0ooooooooooooooogon
ojooodooooooooooooooooooo
00odooooooooDoooooooooooo

Generalized Redundancy o



0(l)boooooooooooooOoooDOOoOOo
Oo0O0D0000Redundancy0 000 OO0OO0O0O

000
Vi

Sensitivity

v,00i00000000000
0(D000000i0000,;000000000

0000D000000oOo

(2)

Redundancy

n [ i }

Z, Sij

GR, ==L - 3
J Vv ( )

7 =1,2,3,--- ,damage parameter

0@3)ooooooo

GR,
max(GRh GRQ, te ,GRn)

GNR; = (4)
0000GR; 00,;000000000000000
GNRjDDjDDDDDDDDDDDDDDDDDD
ooos,;0;000000000000:000000
goooodov; OnOV OO:.00D00D00O0DO00O0O0
goooooooood
gddbodnb0oddbooooouoooooe:g
0000000 A,0000D00D000DO0DO0DO0
DDDDD(S)DDDSUDDDDDDDDDDDDD
goooooooooooooooboooouoboon
goooooooooobbooooboooooao
godooooooobooboooboooooon

32 ODO0ODOO0OD
gboboboboobooooooboobooooogon
gbobobobobobobooboboboobo
gbooboobobobobooooobooooboooo
gboboooooooboooooooooboobonbo
gbooboooboboooboobogoon
321 0DO0OOOOO
0000000000000000A4, 00000
oooooo@)ooons,;00ooo0oooooon
s 00000000 O00O00ODODO0ODbObO0ODbO

a Oni
=55 (%) ”

00000, 000000000 f, 0000000
0oo

- 66 -

m J0O000000O000O00DOO0O0

0 [Oni  Obi
o (%) o
0ddUle,, O0D0ODOO0O0O0Oe,; OOOOOOO
000/,00000000000f,0000000
goood
Joddddddddooggoobbbooobooooo
00((50000000000000(@)D000000

300000 @UOOO0D0DUDOooOODOOoUDoOoOO
guooboboooboboooboboga

322 O00O0OO0O0O0OO

ooboooboooboboooooobobooooo
ooboooobooooboooboooboooooon
gboboooooobooboobobobooboooog
oooooooog

([KL] + nlK])) {9} =0 (7)

0000[K,) 00000000000 x00000
00[K,)]00000000000{¢} 0000000
0000(7)00004, 0000000000000
00000000{¢}’ 0000070000000
000000000000000000000000
0000000000000000

O] | DK
o 0 (O ) ) .
o4 " (TR0}

oooooOoooooooooobobooboonoo
OD0A 0000000000AA, 0000DDOCO
ooApbOO0OCOODOO0OOOOOOODOOOd
ooo

~ B _p, fm 2R 91y
im raay T aimean “aa O

0(0O00o00U00o0Uo0o0oOoooooooon
O0ooooooooo()ooooooooooooo
oooboooboooon

GRB; =

(10)

0A;

O000GRB;, O0;0000D000000O00ODO
gbooobooobooooboood



4 00OOOOO0OOO0ODOO
gboboobobobobobobooobooogn
gbooboodoboobooobooooboboobooon

41 ODOO0OOODOO

g200booooooooboooooooooooon
oooboboboboobobobobobobo
gboobooboobobobobobobobobo
00000000000000026kN/m?>0000
gbobooboooboooooooooobooboobo
g1mgoog

e~ = T0g26m 08216 m

50m

866m

02 0Dooooooooo :oobo,b0 00000

01 0000
00 00 10m 00 08.66m
0000 000000 O0O0000:0000
0000 000000 : 000
oooo 0.6kN/m* 0000000

0.6kN/m> 000000
oooo 2.06 x 10°kN/cm? v =0.3
0ooo 001-12 ¢ 60.5 x 2.3

001324 ¢ 76.3 x 2.8

42 O0000ODOOOODOO
oobooooobobooobooooolbooo
oboboobobooboooooooooo203000
goo
gboboboboobooooooboobooooobogon
gobo2000booooobobooooooobooo
ooboobooboobobooboobooobooo
oo1ooe00g30o0240 0000 GNROD0.4990
04170 00000O0DODOOOOOOODOODOOO0
00070012000 00GNRODIOODOO0O0O0DOO
oboboobooooobooooooobooobooboonbo
gboobooboobooboobooboooos

obobobobobooboooooooooooonoo
gbobobobobobobobobooboobo
000100240 0000GRBOO67.9200000
ooo,00vooi22000booGRBOCOCO0OOnDOO
000000100 1200000GRBOO0.344000
gbooooobooo

oooboooooboobgobooosgbgoooo
oooooooooi1oge0ooOon0GNREOODO.134
gooooobooooooobooooooobon1.sy4
kN/em? 000000000000000000O00O0
O00oo0oO7d01200000GNROOO0.7580 0
oobooooobooooobooooooooooooo
gobooooboooobooooooooboog
0000000000000 1300240 GRB=9267.50
gboboboboooboooooboooooooog
oo

g3000bo0ooobooo4b000bDO0ODO
O O

02 000000000000000000(—:00)

00 0016 00712 0013-24
000 (kN/em?) -1.610 -1.755 -1.887
00000 (kEN/em?) -6.325  -6.366 -6.345
OOOGNR (4)0 0.499 1.000 0.417
O000GRB (10)0 0.344 0.283 67.92

03 000000000000000ooo(—:00)

00 0016 00712 0O013-24
000 (kN/em?) -2.485 1.894 -0.328
00000 (kN/ecm®)  -6.325 15.68 -6.325
OOOGNR (4)0 0.134 0.758 1.000
000GRB (10)0 0.458 0.453 9267.5

43 ODOO0OO0OO0OOODOOOOO
oboooooooboobobooo40b0O0ob00Oonono
oo0oooO0ooOboOooooooOooboGNRODOO
gbobooboooooooboobooobooboooog
oobobobobobooboooooboooooooog
oboooboobobobobooboboobobobobo

-67 -



gbooooboob24a0000000000000
ooooOoOoooooOoOoOoOooGRBOOO0.821000
goooooogooo
obooooooooooosoooboooobooon
gbooooloboecoboobOobooOooooDo
gboboboboobobobobobobobo
O00DO0D0D0D0OO00O0OGNRODoOOODODODOOO
oboooOooooooboobobooboooooonoo
gboboboboboobobobobobobo
gbobooboobooboobooobooooobobend
goboooooooowwoo20000000000
oboboboooooooobooooooreyonoonong
gbooooobooboooboo

gs 0dpooooobdb oe0bobobOobO
0 O

04 00000000000O0OO0O0OOOO(—:00)

00 0016 0O0O7-12 0O013-24
000000 (kEN/em®)  -1.663 -1.689 -1.879
00000 (kN/em?)  -0.493 -0.118 -0.279
OO0OGNR (4)0 0.804 0.609 1.000
000GRB (10)0 5.954 1.548 0.821

05 000000000000000000(—:00)

00 001-6 00712 001324
000000 (kEN/em®) -2.134 1.504 -0.345
00000 (kN/cm?) -2.774 0.259 -0.601
O0O0GNR (4)0 0.009 0.036 1.000
J0O0O0GRB (10)0 0.184 3.770 7.699

44 00O
gboobOoooooboooooboobooooon
goboobooooboooooobooobooo
gogooooooboooboobooboboooonog
obobooboobobobooboboboboobo
goboobooooboooboobooobobooboo
gbobobobobobooooooboooooboooo
goooooogooo

5 000000
gboboboboboboobobobobon
000000000000 000D0O0O (Reserve Ra-
tio) D0 0000000000000 0ooooon
oboobooobooooboobooobooonoo
gbobooboboobobobobobobobob
oooooboooooobooboooboogoo200d
ooooboboooboobolooed7h 0120130
024030 00000000000000000D0O0
oooooooooOooOolooebADOOTOD 120
BOOOBOO240COODOOOOOOOOOOOO
oobooooooonL7rsooooooooooooo
000070800000000001/100cm? 000
oooooooooooooooy/3ooooood
oooboooooooobooooboboobgoooog
obooboooboooobobooboboobooono
gobooboooobooooobooboooon
gobobOoooboooooooboboboobooo
goooboooooooobooboboobooonDog
oboooOooocboobooobooboobooooboonbo
gbobooooooooboobobobobooooo
gboboooooooooooboobobobooog
gbooboooooobooboboboobooooooonog
oobooooooboooboboobobooooobon
gbobobobobobooboobooboobooonisg
oooooooooooooobobOoo7mOoDo
ooo0oopoOoooooOooooooocooooo
obooobooooobooBOoOoOoOobDOoooonoo
gboooobobooobooooban
oooooooooooobooooobboooboooo
oboboboboboooooooboooooooo
gbobobobobooooooooboooooooo
gbobboobooooboooooboobobobooog
oboboboobobooboooooboooooooog
ooo

6 DO0O0DOOoooooon

50m x d0m OOOOOO0O0O0O0DOOO0DOOO0O0OO0
gboobooboobooooooboooooobonoo
gbobooooboooooboobobooboooog
O0¢190.7 x5 000000000000O00O000O00OO0
0O 00OModel 10Model 2000 00001000003

- 68 -



—
o
J

o
@
FR

ER#115, 16, 21,22

o
o
1

Reserve Ratio
o
»
T
Reserve Ratio

o
[N

0.0

13, 14

Reserve Ratio

T T T T T T
0.2 03 04 05 0.6 0.2

Ratio of section area decrease

M BEGR

T
0.0 0.1 0.7

T
0.3

Ratio of section area decrease

M TIRGR

T T T T T T
0.2 0.3 0.4 0.5 0.6 0.7

Ratio of section area decrease

#1385 EE

T T T T T
0.4 0.5 0.6 0.7 0.1

Oy 0OOODOO

Reserve Ratio
Reserve Ratio

ABH413, 14

02 03 04 05 06 07 01 02
Ratio of section area decrease

1B

T
0.1

000000000000 000000000O00O0
ooooooooobo

09 0oooo
06 0000
00 50 x 50m 40000
R 000000 000
o000 0.8kN/m* 0000000
oooo 2.06 x 10°kN/ecm® v =0.3
oooo $ 190.7 x 5

00000000 0OModel 1D0000O0O0O0OO
gbobobobobobooooooboooooboooog
goboboobooobooboboooboobooobonbo
oboobooboobOuBobooooboobobooboobo
gboooooooooboobobobooooog
gbooboboboboboboboboboobo
gooooooboooobooboooooooboonbo
oboooooooooobooboobobobooooo
gboboboboboboooobooooooboooog
oooooooooobooboobobobogooonog

T
0.3

Ratio of section area decrease
EH TG

08 ODOooogo

- 69 -

04 05 06 07 : : ; ; .
03 04 05 06 07

T
0.2
Ratio of section area decrease

M 13R85

gbobooooobooooobobobobobooboog
gboboboboboobooooooboooooooo
gooo

OO0O0OO0OModel 200000000D0O00OCODO
oooboooooooobooooboobogoooog
oboboobooboobooboooooooooooog
obobobouM4bbobobobooboooooeog
ggooboobooooboobobooobooboonoo
gboboboboboooobooooboooooooo
gboboboboboboobobooboobooooog
oboboobobooboobobobobobobo
ooobooooooooooooboobgooooog
gbobobobobooboooooboooooooog
ooobooobobooon

7 0

goboboooooooooobooboooobooooon
obobobobooooooooboooooooDoo
gbobobobobooboobooboooooooog
ooboooooooooboobobooooobooon
gbobooooooobooboboooobobog
oboooooboooooooboobooboboonoo
oooboboboobobooogoboboooooonDg

gbobobobobooooooobooooooog



gboboobobobobobobbobobobo
gbobobobobobooooooooooboooog
ooooooooooooobooooooobonbo
obooboobooboboobobobobobobo
gboboboboboboooooooooobooonog
gboobooooooooboboooooboobobog
goooboooooooooobooooooobobo
obooboobooboboobobobobobobo
gbooooobooboboboboooooobonoo
ooooooboooobobooboobooooooboo
gbobobobobobobobobobbobo
gboboobobobobooboobooooooboooo
gbooboooboboooboboooboooboon

ooooboooooboboogoobobogoooogo
gboobooboboboboobooboboooooboooo
goooooog

gooo

10 Dan M. Frangopol, Minoru lizuka, Keito Yoshida,
Redundancy measure for design and evaluation of
structural systems, ASME, Safety and Reliability,
Vol. 2, pp. 157-163, 1991

20 Niels C. Lind, A Measure of Vulnerability and
Damage Tolerance, Reliability Engineering and
System Safety, 48, pp. 1-6, 1995

30 Xin Wu, David I. Blockley, Norman J. Woodman,
Vulnerability of Structural Systems Part2 : Failure
Scenarios, Civil Engineering Systems, 10, pp. 319-
333, 1993

40 P. C. Pandey, S. V. Barai, Structural sensitivity
as a measure of redundancy, Journal of Structural
Engineering, 3, pp. 360-364, 1997

500000,0000,0000,00000,000
Oo0ooooooooooo,ooo0o0ooooo
000000, pp. 853-854, 2004

YOOI

EOXZOZOZON

(2

XXX
XDIXIXIXIX K]
IXIXIXIXIK A

% XDAIXIXIA
XXX XX
MXXD A A

010 OO0OOGNROO

012 O00oOoooo

014 OO0OOGNRODO

016 0O0O0O/000
oo

018 ooooogoo

-70 -

011 000oOoo/ooog
oo

013 O0O0O0OGRBOO

015 0O0O0Ooo/o00

017 OO0O/00000

019 0O0O0OGRBOO



anXky s HIEREOMAT A4 2006

HARE

i
1
bl

RABEDOHEBEBFICEAT I —AELEERAXEVRAT LA
MY, RILIEK Y, KRS Y
1) BB SR P TP Je B S i MO 45 3 TP 482, tetsuya@com.aae.kagoshima-u.ac.jp

2) BEVE S R T2 JE A At S B B L

1 [XC&HIZ

SRIIEE T DIBREEORGHT, — ROk OTFIEE
L5 W FPEERHE DA A= DR E I, P
WS TG ONIE ) & 5 JEROR i A%
BT D, URICRRAHFR T | 225D & A OB iR %
I L, T CRYE SV HR O O 4
119, B ST, BRI - Tleh -85 LK
RESEAIE ) % 52 5 2 & Ckatthima 55, £7-
3 DIV (FIITZAE) (2, FRIUATE S HITHEEIC
J& U CHIRT R 248 L7 s - BT~ L BT 5.
UL, BEAEEORBRGEHE, B ORAT RN A E T
DONEEOSHTA S L, 5D 7oaE i 3A8E L
TR IRIE AT T STV E R D D, T 2T,
T AT MU S AT BB E B3 DT B &
fcﬁé 4)-9)

AgwClL, BR U7z osG IR E 2. 22
RO ARSI A A & U7 A DA BREESEAIC
%ﬁ%ﬁ@ﬁ@%ﬁ%&%ﬁﬂ,mﬁi%/XTAm%
2 FEFENT B, 2O HEHERE DA TRESEE L 1E
ROZENTE & OFGENT, FERICE D U7 B ERIRAE (S
JIIRHE) DREI A % BHE T [EHE TR DRI % AR e
ETDRICHD, ZOFEUEIC K 2 ATRERIET, —
FEREIERS C db D BHASCHUTHAELR & O L7 iR S
DORFFTIC b TE 5,

Z 2 TR AfTE T U, A oA
ET 5, 9, EatthiE OIS REE, @2 774 7
25 M, AEEIAR A BAE & U CRMIXIIT 217 5 . IR
(2. 15 DI A I &S 5 5 2 3G il
T 2R Do Z DORXEHIMIE AN & U CRRT) - BT i
I L DB AR,

ST, AfpEE RV SRS AT AOBZ Tk E
LD, VAT LAOFEBIC K BTG LSS
DX IT IR EED ORKIRERE TE D, A
FCIE. AT LAORERCIT O A L, R
AT NEIERT D,

L=
AxXp

A=Y
ZHe

-71 -

RHR LR,
3) IR RFTAMALETR, &z, T,

yayama@com.aae.kagoshima-u.ac.jp

honma@aae.kagoshima-u.ac.jp

2 BEETIVOXEARER CFHEFE0

(AR LY | Ufﬁy%w%” AT
JEREX CTRBLT 5 & ARERITIRO X 5 12355,
F(X,f,k)=IQSy(X)T7(X)dQ—6Xka -0 M
ZZTC, T SILE T KXY ML 0 BT b
Jb, A (R RT A—& Q  fEriEk & A, )i

TEROERLTIIR< | BIAR DI 2 A& & D1
BUbDTO DHRETH 5, Oy L ETEARDBEEX
DERM Y, OFT 5y &y & TR DTS Y 8X DR
FAIRAD L HITH 2B D,

y= fs(x)x+c (C:EH~7 PV), §y =

B'(X)3X )

A Q) OOT B~k DEEFERHRIZIR D Green T
ZHWD,
vy = 1[6QB)@%—5U-] (i, j,o,p=1,2,3) 3
X; x,

T T, x, XA x BIEHT & BT DOEAERREIE A D
JEE: FEEE , 0:Kronecker’s Delta Tdh 5, 723HERY VA 27

 Te OO TH K 13K TEZ LD,
=KL (%) =K (X)+ K5 (X) @

ZIT Kg , Ky 138-% a5
HY, BETHEZ B,

ERRIEA I T

KG(X)=an§*TrdQ K (X J' B7 aTdQ (5-a,b)

3 EEREIC K By — T ILVEHR LEEROBEME )
AR OB L S I 7518 @) 25—
SR LFESR IR U OR T, ARMNEALEEAE BT 5554
ROEHEE(X, Y, 2) &35, A EOsRI G pRRE (B
SRIRAE) ThH-2 B, MBESIREARIT 3 Yok iEEE LT
LT %,
31 H—JNERDBZE (N7 A REHR)
X TR 2 i Ol o — 7 VESR AR ET D, S
X r—7 VB 12 HoE D p-HE ), 22T WlEo



1 r =7 VEIFRD HIRIRAE & LE T AR OFERERAER

ATRESRAC L DTEEDTHREE BN 7 —TNVEGROK
EDEER (X, Y, 2) | JRO—RFGER G2, or—T NEFRD
ERILETT ),
X =0y +ays, ©
o (=1,2,...,6) 1T AR CREEE) THDd, &
AN —T IR D RRESR OMERY Rzl
KAEAGD,

Eede| g x, 12 X, GX, |+Ce |[-1fe =0 @
L, 2L,

72121 AN — 7 VR OWHRE (EHEN—E), L 137
— 7 NEFOEME S, E JEHREOY - TR LT 5,
K (7) DEARHIZ2BNFLL T DB Y Th D,

X,=[x, x, v v z z]

Y:a3+(x4s, Z:Q.5+Q.6S

H 0 0

1 -1 c - 1
G=|0 H 0 H= o e=73 (8a-d)
0 0 H
I —7 NS OB TH K TR 5155,
Kie =K, +Kg, = 2267 104 2Le T x, X T G ©
L L3

€ e

L1, 7,2)
206,122)
304,15, 2)

x X
2 NREISRO HIRIRGE & e R DT R

X 2 |\ ORI LA A BT D, L R
LIFRRZZEETREDIETE (X, Y, 2) I IRO—IGE Th-Z., [
FOENEAT),

X=B+Px+By X=PB+px+py X=p+px+py (10)
B: (i=1,2,..., DIT—MAEETH 5, HAANTNEFAIZIS
\F KIS ORI LRI IR A E 52,

(11)

4“15‘3{QT Xe]De 8512 [Xer QX8]+Ce:|_7‘fe =0
72120, S TESAERE D HEREHHMTITH D, S5y
L@y Tin s,

Q{B i eT,Cf;H -1 0/ 12)

BHET

721G, a=[a @ @], b=[h b b] LFL L, d=aa
b=b"b ,i=ab+b’a THAOLND, 708 a=x-x;b,=y,-
yi(i=1,2,3; =231 k=31, x,; y i XERREEDAZECTHD,
FEROBRIIML K, 3455,

[Qr XBJDH[XET Q] (14)

3.3 BEBULTHIATER LRI AFEXOFHE

BRI TS e D —T )0 L OB LV 2
X(7), (A1), HHEAWETH19), 1) 1 AR TR LN, 7
TETZRRIZ T 2 RO e A B R E 35, 2
NHOROGERD & r—T 0 R BRI
DB EMEFIZ T DOLENARAE LR (r— T VB
FOGAERE S, REREOLGAEREE L HSMO
FERHEHE) o & 7o AR HER ORI R & R BIRORINEHF
URAREECH 2 B T2 OB DT ORS, JEAEZ
72 LN 25RO D BURADMERL T & 5, Z DR
AT T, ATHIEEOLOFIC L Y, EE
B2 TR & FTRE C o 5, E T PIRRE - (3 &
B M- FEIREE D BREAFRIE L A0 52D b FEZF|
HTHUEWBIERE O D, S HIZZ OFMIXIEH
% F FR98 DVOTBIROIT RT3 2 0000 - BT~ L i
OHID,

S o M
[T T I ]

S <o
S o T
[T - ]
[T — ]

=

1
Ke :KGe +KSe :7QT

1
Te+
s, = 1683

4 SRIEEDHUERZAT

ATETE COfbERILZ AV, BEEETT L2
\ZIERIE DRI 21T 9. S BT, 1§ #MIX
GG 28N LakG i A1, BIfmEAAE L7
fEHT~ L BATT D,
4.1 FEREDERE
[BEERIRED] &Etiimic 1T 2SI E DI b
&z 5 M, Bt OFE ETRERICBT DR
J1o LIRERIG T 00 & DFED 2 Fefna BRIBHRE 5
WROMEE R ET %,

-72 -



m
- . * 1
Minimize f(x ) = ZE(% —Geo)T (6.~ 6c0)

e=1

ZITC, m: KR ERDEM ORIRERL, X" kR E 7R
DR BIRIRREIZ 31T D i R R GREHAEE) ©
&5,

[(EERIREQ)] Fc{ LI I AN ERIRE (B8 f L
TR TIAT U RA) WL, AT ITAT R
ConlZ. A1 £ DIERRACET D9HERETH Y | kT
Hzbnn P,

(15)

r . m
C,, =AX"f"=>"AX, K, X,
e=l

(16)

T2 L, AX - ZIETERE D DEIRBEN AT L TH D,
Con DEMEEAT O FIZE D | MEASAIITHT D&
R MET %, BESINCBET 28R 52, G &
I/ MET DIRORTEZZES 2.,

Minimize Cpn=Con(X') (17b)
subject to " <e6,<6” (e=12,"m)
XA IENDEFIREEREE L T2,
[RBEEFEIREQ)] FXFHE DA A — 9 HakEHRR dh &
FRRAG DN D855 #m & DR AR 2 FrIMET 5L RO

AL 2%, RarERhmEIE, SARIMEED ZORIE
TERIEHTIZ KV AR ZRTET D, Fal{bRIR & T 895
i D RASR COPEEE X & 535 R i AR e X, &
DFED 2 Fefnz BB L 95 1,

n

D> 2 (%X (X Xeg)

e=1

(18)

Minimize f (x*)

T n: /G ERDREISSECH S, A8 TS
EOHD BB TH D, (o THLILLEE LB
AR TR L TH, MEEHEAIRIE A= S 708

4.2 AT ETIVERGTER

fRNTET UZIE, X 3 IR TAMER (M-A-B,M-K 7 A
AL TR CRED) A EEBE G & LR i o
PSS RE A D, FRNTI TS T L Ox R 2 B8
L. K4 12779 X 9 ICTHA ABHG %5520 1/4 DA
WO~y F 7)) &35, BRSENIN S 1T 49 5,
R EHRET D, BRHOWEIZBNT, XS5 IRTHR
WREED PR e — R 8B AN AUTEE & L, Hibr
PR (" — ABEFE) 3G L 5, 7o, BFHRO-
b & B EBOIRD -0, HWHHE 3 RAT T A
B CHRELT 2 Y, 7ok, MTET VOMEBIERIT, &
1 DEY TH D,
4.3 BIEFTEHI

FaVRTEOE, HRS e Lok FEE L TR
BIpHE= 0 — R ARIZEY | BEOFEE— 2572 58,
Wikl 2155, BRSGIEN to, (-HIEEESR ) = to, (y-8il
TEEIGS) =12.0 N/mm, tt (FAWIES) =0N/mm & L7z,
PLEDSDH, fMTiERER 2ICEL DD, FHIH
FWT & b L 7= 88X L 2898 k& e X
6.a,7.a |2, SIETARDOHEE (1 3,A-1 74 ) %X 10 1T
T, S DICHEEPEIEIR, FENKEK 7b,7.c 12T, 72
1, Z ORI O LT T M E D E WD,

Fa bR, RS & i b ik e LTa%h
PRR 2 YEHHNE (SQP ) 2 VIS IRA L 375,

: (20

SAINTEIE TR DO BPNEBE AU ENE T & (—Himilc
P=5.0N) (ZAEHI ¥ 5, WIHFRIETT & S s ORI
THEONTSIETROISTRIEE 2T 5 A4 T L ADfE
REeR3IITELDDH, SIHEHZOTIRE X 8.a(Zr %

8.0<c,,56,<16.0 (N/mm)

y =

PEESND, Z TSR L LTk E 52 D, 1000 fi5 L CERED | & F9E /1% X 8.b8.c IR L,
o' <0,<6’ (e=L2;n) (19 $IBTROLER (X 3,A1 T A ) ZX 11 TR,
) ) o PIBREAIA
_________ : Cutting line O MR F oo AT E L (BESAR)
AY O BRI O RE L G
. B D F H J DD F F H
— BRI — 1 1 1 1° T
""""""""""""""""""""""""""""""""""""" 1 1 I : i
"""""""""""" I I
1 | [ [ '
I | I i H
: 1 : : i
xALcl B 6l L 1K <
= T 3
' ' f ' ' =3
Y =
S \A /\/ - N 1 1 1 1 1 o
\,W [T I B -
oo
M : L I S
| 12.000 | A som CC| 200 [EE] 200 G

3 WIEREEET AR (FAL - mm)

4 sy CVAm) OB

5 AR K O 31X

-73 -



#1 MEHERER

[E= =08 mm
pr—— _ o avavaASSSS S S AV
ﬁmﬂwmﬂ@k E t=2138 E,t=6453(N/mm) : “%%%g
BT VU | vy =03000 v, =0.9055 V(‘muﬂ“%“‘giﬂ
WAMINE | G,r=559 (Wimm) . NAVAVAVAVAVARE
WAPER | 1215% 100 (kg/mnn) $ v Y a. MUK

# 2 Fod bR (N/mm) Usoi{ ERTED]

BN ——
. — +
—+ 74‘ Xr,,
£ B NG N -
[N
‘ X NE
XN A
3 NI -
A D ESNENENE

c. FERIRATISNT 2 I

6 IR B b G

toy to, tt
ELEIn] 12.00 12.00 0.00 = VA <\
S N A
O | 179 | 118s | -003 B %‘%ﬁ*ﬁﬁg
| | | OO0
RKME 1347 12.74 L13 7z M -
forii | 102 | ns | s SR )
IR | 0413 0.547 0.490 X
B
Pp 5 op H
| X -
>
P e g
I N
A‘“ﬂ“%‘ﬂﬂ‘
VAVAVAVAV" K
z
X - T
E E G
L cc

a. ol LR DFIG TN

b. Fciti{ L% DEMT

7 Ui ERIEONT IV T 2t

EE AR DR
[CGEYN (D)7

==\

DAV AN (AN

B
D 5
K R H

F F

CC EF
b. S DT

Y G

c. HEATRHZIIT 2 I

8 il LRTED N ZI81T 2 bt R

a. ol LR DFIE TN

=N\
A v “v"
A NS va
VAVAVASSSN NV

D p F

B % N

P

c o EF
b. Heil % DRI

T G

B TT—
N x b g X +|H
X X
K D
+
+ *7* X X+ X'T‘
-+
a8 -
+ \ +
+ B
4\ x
“+ -
* x + &+
X
+ I\ X
+ x A
* X NER N
+ X X
+ NN —+ +
X X
Al+ X X X G

c. FEAIRAZISIT 2 TSI

9 Ui ERIE@N ISV DT

-74 -




# 3 Bl AR 210 ik (N/mm) (o LHER)]

BLHETRGIZIN Sl I K HEEIRIR
fo, (N/mm) | fo, (N/mm) | ‘o, (N/mm) | o, (N/mm)
FAAE 50.75 25.74 9.40 14.79
NI | 47667 118.92 1422 1591
H/ME —0.14 0.14 797 10.64
IR [ 7453 16.70 141 0.86
Copn (Nmm) 222.10 25834

K4 FEEETERICET DA D (N/mm) [k LRTEE)]

BILIESCIEIAIN it A% OFIIKFAAR
to, to, toy to,
ELEENY) 8=c,=16 | 8=c,=16
JASME 50.77 25.74 10.30 1527
bEoN[E 476.67 118.93 160 16.0
FoME -0.10 0.16 8.0 10.81
B | 7452 16.70 1.99 0.76

4000

—O— PIEMIIC K DB Jk
3500 % —A— SR K DK R
3000
2500
2000

1500

1000

-6000

-4000 -2000 0 2000 4000

6000

10 Bl LAlTR 2301 DR i ERIED]

4000

2500

2000

1500 |

1000

—O— WM X 2Tk
—O— S AT X DB

-6000

-4000 -2000 0 2000 4000

6000

11 FOEM LRI D AR i LRTE)]

4000

3500

S BEPR
—o— RIS B TR

3000

2500

—A— SRR K DR

2000

1500

N S S

1000

-6000

-4000 -2000 0 2000 4000

6000

12 AR F 1 2 TR o LRTEE)]

-75 -

b VTRV, W () 5) | SR (PR
71 N - BERER) % 5 2 it 2475 Z £ C H
PR & 3 2 a%EHER I DX 3, Al 741 » ZRET D,
B b TEIIE SQP 15 WIS IR L 975,

8.0<0,,5, <16.0 (N/mm) 21)
P EDOZMOT, fowfb L= #WixIc X 2858 OIS

THRBEDFER AR 412 F L T, i L O 1K 9a,
FHrIX - TIESKEE] 9b,9.c (TR L, $IATRRO e (4
3,AL T A ) Z 12 17T,

5 BIROREAT

BRIEED K O 7B EREMIT, —RICHA e B R
0 IR SENINC 72 D, OF W EEY ARG
DR, HESPHGIC L DHEDOFHER AR D &3k

V2 i EOIN EERE LT BB AR A Z Ll
FEEORVEREHE I 5 L CIERICHEE TH D,

N o s S ) 6157 45 T N A O G A G N B 3 [ N1
& UFsBid b e b2 s RO a=213E
MIEE A E X B,

MX +CX +F(X,f,%)=S(¢) (22)
ZZCM EETHL C e AL S R TR L
THAERT R A FE T 5, 7ok, R EE VW =2 —
~— 7R L D IEE R OfHETIL, lE O
AT T DRI Ry (BT V) e GREE~NY
V)i EEEERZ R WX ((EEZ hV), X (=a
HEAY ML), X (=i MEREARY hV) & Bl E &
/%_ %j/b é 8),9),15)

FERTHIREIE, 4.1 Haf LITEODOET V22D FE FH

Al g(t)=5sin(0.7t) J, g1

= I
a ffEE—

6

4 B H

4 €

N

| N
]
N
) A e2 o G

.‘ ¥ " y 2
o 2 10 60 80 100
2 s
e c. VAR R AT
b. BREEHB ) gigs « S

13 JEIAT e & R ERE R TV D 2 L BRSO



FAU. W & S b U 7= 88X (B & o
EWC K DGR OISER R~ d, 72720, 255U
OB BA T T Z LA DIL TN DN
BUAFRIZ K 2 22RO NI N B R B K Ok}
DRFEHEEDOTT UUTE 2 72\, Fio, JBEEHE C 13
135, BEITHI M 13 LM (lumped mass) 1512 & 0 ##Rk
T 5, EUATEIT(23) ZHEE L, $REH ISR OEH
g% 525 (M 13.a 5,

g(t) = Psin(0.7¢) (23)
ZZTC, PS50N 215, =a—~— 2 EICBIT HERAN
T A—21%, B=0.25,y=0.5, FFfHIZIZAT 4=0.002 (s) & L7z,
YL EOUEEDO T, WM & Fomabiix o9~ 5 REL)
VL EARATRE R A g, BRI T 2 B (el,e2) & 2 Hii
RINLLN2) & L, ZNHDOAERIK 13.c 1T, fRNTHE
R& UTHRERORE KRN IS MEEX 14, A0
BT AR DA A 22 B 15 W T,

550

500
2 450 x
£ 400 U AT |
< 350
2 300

250
E 200 MR & D 35S
H 150 «
fge 100
t& 5m#§'ﬁéﬁiﬁ§l(:iéiﬁ‘ﬂﬁ?/)
e 0

S B P e

-100 T T T T

0 20 40 60 80 100
REZ (s)
a. B el ORI

13.09
£ Myl
£
>
= 13.08 AN
2 I & D BRI
ey
5 s B & Dl M)
Euus MAJ\MAJ\MA/\MA
VUV

gl

0 20 80 100

IPT*IJ t(s)
b. 25 el OLIET I (LK)

e2 WHE TS to (N/mm)

0 20 10 60 50 100
Rl t (s)
c. T e2 OIS

14 257 el, 2 OFIESORFAEEIEEBIE (N/mm)

-76 -

A A
REEELEREELE
S AR AR
EVVUYVIEYVUVY
a nuNijf;Uf/ES;zﬁ1

R
fg‘l-o A A ﬂ N
e
s IIATIRATI AN
E—l.o ” N 1 ” \ f ‘ N
miSU I |

b. Hisi N2 @f’\‘ﬁﬁuz

X115 Fimi N1, N2 OFhE TN ORI ERHE (mm)

6 ERETXIERTL
6.1 LRATLEARODE=S

BRI IED IR E DS R AT B 22 R ERRE T
ET %, DTl OMEREHCHEMm S DI85
BTEFRRTEAT D RN, WIHTAREATCEIR AT, 3R
IR OIS I L 705, IRIEEITRT 250
ROV IRNBIERGEE OA A—F DRI I8 E
REEZ T2 STRNVGADE 2 B, R & SE25H

WITTERCT DB, 2 < ORERET D, - T, EIEX
FHE D B 22 S AR SRR G T DO EHE SRR T DA
KT S 5515720,

DX DRI EE ARG D 8A
WEERLFHE & DA A — il ®W@_ B¢ bl
RTE SN DRRGEHEIRITEIERRG T OO A—2 Lid
RELEDL>TLE I AIREMNRH D, ZZTIE3 TRL
7B b TFEE V., BIERRGEHE OFAED HIR IS
DEFEFRFHEARINIET D F TOWNEFHE N2 D
VAT LDBEZ SR L, DB Z IS EY
AT BERIT D,

6.2 JATLIER

KU AT DIA VB —T = — A SR 75 7«

v U FTRERD 3EBTHERL S AL TN D (X 16 ).,

uX u+% k



— e

ks || Pl ks

r—-=-—=-=-- J' _____ 1 l___]'_____lr__l ______

| INPUT:  !| |} INPUT: 1} INPUT:

w1 B L RO

om0 o L aeomE

| AR =T =—AER |
v [ 3 v

| WAL |
- - ST |- AT
T - LAY |- BT

, OUTPUT : i

| et |

|G|

16 L AT AAEEORN

(4 08— —RE] VAT LZFHTH2—P =3
TR ET 250 CTh 5, BIERGHE SRR ET
HSDA A= F IR A Wi FIClERcE 5 0, #id
AR IIRIBTEIREZRET A BT A =20, B
B HROSRIE, K0 HMRRIERARET 2,
[BTER] =— VA X —T =R TAD LT
—Z Rt FATx, TOIRFRHT - BRI - BT AR %
IR A FATT D CTh D,

(T2 74 v RRE] FNTHER T d D i IR - £t
%]« TR I - AR VB PR A AR C 2o~ D30
Thb,
6.3 JRTLDFN

B 16 (TR T &9 ICEIERGHE A v 2 —7 = — A
AL CHLORTIESE | BERSE- IEyiaR /-
— T IVOBNZE xS AR E Laka RS i
BRTET Do 7T 7 4 v 7 FORECIIS b iR
NA—E—EOHAIZ LY 3 RTHEER TE 5, 22
T, BTG SR & IESTERATAE R T AR TRIRA 2

-77 -

—VITRERENRFENRNZ L L 19 e 2T A%
TEERAL. D 7= DR HEFRI Hh R E NSRRI 2 VN D,

AT L O S TR TR TR A T, SRR
FHEEIT BB, T OMETR ST A — X &k
TE UEWTXIENT 217729 . S DIZIERIERRATICRAT L,
FEZENITTERC TREZR BT TR AR T 2, 7T 7 1 >
7 FRERN I 1T DEIE TR O BT U TR
IO ZFXE L. ANIERRRICET DISIPIRIERAT
B/ CEETR AR A A GEHIT S, B OITRE
MR A RIS, SRS AT AEN LT
EIERRE T & Wi LBk DBIRZ RET 5,
6.4 BHERTL

AR AT NIRIEEWRREHI B W TCEImREE &
WERRFHE O % k35 Z L 2 B4, [} 17 1O~ 3
LOCEBIERHE I~ VATV v 7 HAR LT 5 HifliZ
BEIC L0 BRI T A RN IATTE . MR
TR Ak 2 & 7 EA R R 2 ARk T

| = ewns

|

Arvacis [El » =®sccn m
BOEA | o RS 1 |

(7500,3000)

17 RE R A EakmiiE

& Eun BE|
drvanis [~ =®sccn m
wok: [l verEs N
kR BITEER 3

PNAXTNTN
RTAAY

BMRITRERRT

AV VAVAVAVAVAV S
Av‘wgmvgﬂﬂm&‘

ELARET

NSRS A TIITSTS
RIAIRARAITIN
AVAVASAVANAVISLINVATAVAV

AVAVAVAVAV:N

VA
A PSS N
e RS

18 $9ATAR DL MR



& 5, M 18I TRT & O (&R A IS TR - BT -
FIET I - ORISR A R Wi BT 7 v 2 A L
(ZIRTE - RS T & . ZHERY7RIARTERR - TRIRFHE S nTRE
2%, RUAT LHT 52 L CRIERGE LSRGt
FiL, BEHARREDIRIR & 72 ) D7 — 2 2345 T
&, K0 LRI EEIRGTIMT A %,

1 B

WEE ORI HEEfRT I Z 3T D0 T OES AN
R E T DI, BEHREDIALEERICIS T D20
EOTHOBMRAEHIFE R & T 5, E-T, RBEDY
AT PATHNVEAERCT DBR, PR LI L 72D,

AU L, AR CIREBRZETEREZ 30T 2 R
RS L T DT, A L DY TN T LA
URAAZEY 71 7T LBRSATRE Chd 5, fIRATHI T,
AT OOISIPIREE, @2 7T 4 7 v AkvIME, OF8
TETIRZ BT & UM 2 52 LA & 7= bl &
FRTEWIRIT 24T o T, FRHTRESL L 0 AfED IRk
E DN LT % 2 L a2z,

RIES AT DL, r—7 VSO HE R E A~
DAY v 7w HARE U EMREE TR CTE 2, 15
vl iR T b CRERICHER TE . BSHIE
EDSATREZR T2 DT WA A AEER R DR 2 1T 2 D,

8 F&oH

A CIIRHEDIR A HF 20 L EZ D Z LT, B
TERRAT\ A 72— fiiE s U, BRI, s %
B L CHEMET D Z LN TE 2, AU K YRR
P 2 R &3 DA TRERIEIC K- TRIEED O
fEMT 2 e — BN R D 2 BR Lie, 0. 2O
— N WG RS AT AO0FEBIC LY . BIEG
F LSRG DRI E ORI T T,
Akedn B & BRI L DB NTREL 70D Z &
DR END,

BT, IETPIRRE 2T T4 T A M TR &
—O0 BFER ZRHMERE L83, oL O BREFS
HE L U228 B GO i X 2 BT ~JEEE U720,
F7o, RO > TEWHXSIS I ZE DO L) e
BT D EA THEAEHEI BN DRGSR AT ADFE
Bl HiEd, S50, BiAOuiAEsE & O L7k
TIHEE DOFENT , HFEART B - JRRF RIS 2 2 BRI IS DIy
PEOHHREAT 9 o

-78 -

SEHR

1) AR BEREEO TR AR E ) R,

A ERR U, 3, 83-107, H ARG, 1989

A BB OIS ] - TR, s ET

TerR S, 4, 69-105, H AR, 1990

ARG 2« SEREE DN V1 R 71,

228-325, HL3, 2001

PEFSE =, &, IR0 B A b & LT

HEEO TGSV GV RIEOMNT, A ARG

TRt G 4E, 373, 101-109,1987

Jae-Yeol Kim, Jang-Bog Lee : A new technique for

optimum cutting pattern generation of membrane

structures, Engineering Structures, 24 (6) , 745-756, 2002

R TEATE, IR BERRIR LIS AR

FRT A =& L LT B S ORI IR S

b, A ARG S Rim U, 540, 73-78, 2001

IRERE, FRETE, RRER], IRk s

MDFTETAR & BWTFER ORISR TR B3 o 0F

7, AAREC ISR R, 508, 71-78, 1998

AR, BT A A R & LT ATRE

FIET K DRSO & T, SR SR,

18, 15-21, HAEE &7, 2004

AERE, A HEER, ZEET A R E L L

T B IREFREANC X 29T EfAT O— 1k, AR

BGUF S R X, 602, 161- 169, 2006

KRR, S OELT- AT TV o THIKSREA BB L

o WA s W D W) IR B SR R RAL v R T A

NICOGRPH #3217 A MiaisCEE, 9, 215-224, HA

U 2, 1993

11) Kipl, FAR7Z2", mAaER iR A X DM
WIEY O BAERAAR - IS N b— RA 73%GEHE, BAR
AP IE R R, 395, 107-115, 1996

12) KIFHHL, (L)1 : B O SRR ORI 225
& U 7= T ) - ER TR citif b, MR R am
£, 11, 31-38, 1997

13) IR, K, EA7E . B o S RE R E O]
P2 B LIS - BT e { b, H A
PR TFIEHEEE, &R B-1, 389-390,
1998

14) TG =, HARE L X 7T 7 RS Z DI,
HEHR, 1979

15) FEHSCR, Vi, FRIRMSE, ARRREE —JFm% . FF
FRIEEE T DEWIYNE L ZE, FHR TSV
— X2, anwFtk 2003

16) AREIHE Pkt : 45 4 3 S ORI ERIE,
s O 1E L T2, ISR ) — X2,
HAERGL 2 A3, 1998

2)

3)

4

5)

6)

7)

8)

9)

10)



anXky s HIEREOMAT A4 2006

mEbICH T HRIMERET

HARE

i
1
bl

YV ILDIG

[T

1) AP TR KR TR R L B, M (1),

1. B=
TEREFRAT O BB R LIZ BN T, IS TR RED 1L
T 5 L ITHEERITE B A L, MIPEOTZREZHI %t

#é@ﬁ(ﬁ“)®@%%%<%%ﬂ5“ﬁ$%i
TIL, Wik~ MY v 7 2DOAEEZT v/ IVik 5 TH
BIazZ licky TRMMEERET Y] v Hili&

FEATSH, X510, AN—RT L — ADOREKER
WEERE, T v a UiEEOR KA REEHICE

WIS T » Y VDS BT 5.

2. BIERET > VILOBE
FERIAREMRAT T IRNT 252 <, Z DR b A
H7e U FREO L S IckREND.

Kd = Af (1)

»—»‘&7-
— =,

KIZERRIE~ Y v 7 A, dIZENALOH
SR bov, FIIE, AIEHE T A—Z OBy
Thb. FFEREIIZBWT, K, f#LTdiIms
TEIAR, AW 2 U CHIES 170 E OB REA $ (LA
TREEIES LS ISR 5. [RRRZR AL 71T
BOTEARND)ERG AT T DL, TRXES
HZLINTED.

Kd = Af + Af @)

Fho, @EEEE X={X,} £ L, T YAMHO

farit moE AN LY XKD L HicEsh
5.

Kiid; = A, + 4, f, .
(i=L...n;j=1...n;k=1,...q)
KO)VDEILITRFIER DI KLV FFEDOZEAL

K OE DT A=W DENE R LTS, £,
ZOEDZEVRAE/TL LN TED.

M = Kij,kdeXk (4)
z i, {u p s oz (AX, Hick v AL B
HEERIMED 2L, 2 L CHaWHOEER LT
5. S5z, R@IERZ bd, e {aX s =
BHT— p~OERTHY, [ {aX JozhE
NICE L CHBTNTH S = L85, i

BV EICBWTOMEELHBTHY, 3 o7
YINEBIRTLENTES. K ¢ ZHIPE

ij.t

,,_&,
[NEENE N

-79 -

chen@hi-tch.ac.jp

BET > )V LR, OYBERY /2 BRI~k
Vw7 ZADFFHERIKT 215 (EE) Tho.
zg bem&ﬁﬂ@mﬁf//wmmﬁﬁ%ﬂ
HETH Y, EEEHRHSCHEN Y VBT 55 EE
?ﬁ&’i}%]\?‘é Licky, HE - KEST VLD
I - KB ~DOHT R L FRETH 5.
%%@wm FIE VR DOER 2 & OREIZEB W
T, BEROWZTN 3 HDLLEIZRY, @kMoIZ L
DIRZAFENMZ 556065, £ LT, Lok )
T YNV EEEATLI EICXY, BEENMHER
2720, AT HERNC AR D. I, ANN—RAT L
%AOD#f%ﬂBﬁMﬁ% SReRcEbICB W CT v Y VEL
FRODISH O K e WIFE LT,

3. XREREREMEER/ DI
3.1 BfrETIL

AR— AT L— N, BEICHBAR— R 7 L— AT
fmr#ﬁ%%ofﬁﬁb BERRWELFTHE
H 7. LD EREM IR R AR A E AT
DT LT REEEREEIIR, x&—x®ﬁkf
JERTEZIE 23R D 2 BlGa 1 IS 0 B I s 1 D HER &
LTHIBILTWD ., ARIFIEIZAN—A T L— A0
EEDOEEMEZ R T2 2 HIE LTE

RERc I LR AT 2 B % ::K,mkkkéhé
A JEE A B SR P RO FERIZ A S0 FRAIT 12 36 1 2 IR R
CIARIE S Y SR R

AR D X 912, T2 FERRIAE EREAT Dy
BN Lo ickEn s, ARSI DT-
W, WMENST A —2OMSEBEERE LTET.
A =p"KYgY (5)

2, WEHESENT O AT » T HER L, X7 R Lb

IFROE D ITERSN TN D.
0 , Vf=0
f = ;biz 6
bif=1 ﬁfi-l,vnq&o ©

AL, NiZfodeEE#H (f£0) ofichsr.
SIFRATOET AT v 7 TR S D VIR I

BETDH L, BEEMENRT A—Z ATKRRD X I
zahs.
.
A=b"Y K4d! )

u=1

- T, AWFREORGERIEITRO X 5 BT T



VTR TED.

Maximize A=b" 21:1 K'd"
Subjectto ¢ (X)=

9(X)<0

BX MR X VI E R O UL & 5 W T2
OO MFEE LR, NEWFLERfR S, K«
I REAMESLMFEZ R LTS, £ LT, ABFSE
O Fe b PR T b o SR 2 i 72 3R G A S X & R
HEITHZEICLY, BEMENRT A—F A xR
THZLETHS.

v—b—*f
\__\_\_.,

3.2 miBELRITIER

AFEHTCIX, HWBEB ORI MR > CTiEtZe
BafElEd 52 LI J:@E)t:'t'.ﬁi%i%j(éﬁé. H
MBS DEXFHAEIC KT D00 (Afd) %% DK

Fie 5, ROE@EIEH X = {X;} T
LRABBLEND.

A = bT,iiK“ d" +bTi KYd"

u=1 u=1

i

— AP Fb YK
u=l

a)

(i=12,...
EEL, O, =00 . vV MR OmKEE
ZHWD QBRI TE S,

(10)

A =Ab; f,+b K, d' (11)
T, &M#W@WFT//WT%é Z Ofg
WFEICE D, RS (bDWIFZOEHES) £T

HARNT AT W72 IS DARfEL /R T A — X L Z DK
[ % [EIRFIZR DD Z LN TE B,
£70, frE AR EG R TH D20, &
BEACARAT IZ I UL IERE 7R R AT B N T A — X & fx
KILTBHZ & EEDOIFERDWE AT A —F &K
b3 2% Z LIxRAERIRERSEEX LS.
E- T, BIIBEEOHEARL R AIZKRAD L9127k

(12)

7z o
T2, V= —, | BTTFRIIERIE T
(0’)(1 O’XqJ e &
ﬁ&ﬁﬁ%éwifmﬁf (ZEIER, BGRIAKE
H HBEE DR IT RS OTWEL P USRI A

&N A21T S . Blb, Wﬁfhﬁ%*ﬁ@%k27/7@
BT, FELEHAERRXDO LI ITEEL, k=k+1 2%
T T OBAEENELND.

X = XK 4o (13)
FEREED AT v 7EYTH 5. K(13)
2L, Bl BENRELN, ZOFEEICLDHEL
BRI Rx L n, A S A AR S A
PSR T D £ TR IR LIRIT 217 9 &
R EED LN TES., ZZTHWHN D A
PSR AN & LTIt Kuhn and Tucker OSAEYT
»H5.

- -
s__&g., (04

3.3 ATV VILDOFE

FW S0 5 FERTEFRAT FIEIZ X - THERRAIME~
NU w7 ARERY, BERET > Y VORI
Hop . IERIBIRITICRB VT, it~ NY v 7 2%
WA TRTZLENTES.

K=K"+K" +K°

zziz, IIREETh Y, Eim

(14)
DRFEAEE fAT
Ot~ Y v 7 2 ERIL. 72, KY & K23z
(7 ETEFNCET BRME~ R v 2 2 TH S,

il LT, AR—RA 7 L—LDOMIE~ N v 7 &
DEET VN EFET S, £, fEKE 0%
EHRITEM OF S L, Wikkk A, Bk 2 KE A
Ml EWiEdR Y £ A b IS X VAR E LT
Bk atE L, B (X, | R O R A kK

L
0 i 0K aL, s
o X, oL, X,
0 . _OK" A
2t oA ar
1 y (16)
LOKE 21, oK 23,
o1, or 23, or,

Krizx2ost#h~ b v 7 2Th o, FHET
bv )y AEHEFETEL. LT, KV &
KDy b Rk FIETHETE 5. S
<~ MU 7 ZDOREET ) VIEH O B I T B iEHT
FIEICE > TR S,

- 80 -



3.4 fRHTIRE
3.4.1 HIEDEHEA

B RTHIESEET F A « R—A&2f8EE L
THEAEMRAT 24T > 7=, F— 2 OWEREI L OIW sk
THYH, ToWmFIK2IZRLTWS, 714X
H=300cm, ED¥ER=1500cm, %+ L CIEZ
IR r =500 cm o&iFHICAIE) 7eiiiE & e - T
WA, EMITEX0.8Ccmo 1 7L L, ik BEesE

X 2

(a) Half area loading mode

REEH LT D, KM OMYIERZ 3.5emE LT
W5, EMOY L IIREIL491x10°N/mm?, HA

WA 1,27 x 10 N/Imm2 & B E STV 5. 1o
HIIMEELSMMETHY, FHAIEHLTWD
TENESEEOMB Th D, frEr — A L hi#

fif LA D 2 r—2TH D (K 3). Fl LT
XD R DRFHESUIHT, H2, R1, R2, KUY
MEREN~rThD.

AR

X3 s —A

3.4.2 fRTHER

BERFEBOEILITR 1 TERENAE. 41T F—



LAOWHRIZELEZ TR LTS, M5t EnSE 2%
DV T HDEOFE—EMNMRE R L TV 5.

ZIVEIEIRETH D, FEIERTEIL 32.75%E 25 2 &
Dorins. K6 X BB OICREE 2R L TnD

__z?/&%7;%W?//------\\xw&iQh%\Ex_.

—— — 1initial shape

optimum shape

] 4 A& D 2L
10 ~
=1 REEHOZEN  (em) .
Initial Ratio of g 6¢¢ﬁ;;,;___~__+__*
values Optima Changes changes % .l e full-loading case
R1 1183344 1181245 2099 —0.177% < —o— half-loading case
H1 149.626 149490  —0.136  —0.091% S 2 -
R2 845023  845.150 0.127 0.015% 0
H2 240044 242755 2711 1.129% 0 . 5 ; A 5
r1 3.500 3.605 0.105 3.00% iteration step
r2 3.500 3499 —0.001  —0.028%
r3 3.500 3.660 0.160 4.571% 6 HHIBIH DI FER T
r4 3.500 3.501 0.001 0.028%
r5 3.500 4.176 0.676  19.314% AT B CIITR O A HEZ kb3 2 J J i
[ZDOWT DT 21T > TR, FIIAREEIC R 5
FEEE AT LR O 01, P RE D AREEIAIR &
T R B B D HE A 2 M % 7152
28 5. Bb, [REOKRAEICK LT, mEFEOR
g HETGAR O PR VAR O RIS TR 0D 8 i 7o 2
277 L0 REVEE, REMTHEBDEDINTH S LY
26 L MrTx5s.
S | 22T, BN — R A2 IR —
K& UTHTE T VA VERR L, IERIE AT 21T > 7.
4 - X 718, BAREROKEREZDORRKARERED
5 | WABELZE1: 00005 D6, H2HB YV 712HD
MOME—EMHERTHDH. ZONEERTS L,
2t —— optimum shape I“Fm 2R W Tl EiE ORI RE DAL K OVl H
1+ initial shape IRTA—=ZPYIERRDOZN LD KRENWT & 03550
5. Bib, EEERE & 2 OIMTERE O IERRIE 558 %
0 T, St AE O A A B S 3 AT S L S U
0 2 4 6 8 ERARA =R R Y A

displacement (cm )

The load-displacement curves of point a
due to full area loading case
[The position of a is shown in Figure 3(b)]
45 AR oD faf B — 257 iR

AT BIRECIE, SREFEEIE F— 2 ORI K
VM OWE CTH D, ALX—RA T L —A[ET /L b
Ho T, FARIMEO ARG & B I7 M E OIERRIE
%%%ﬁ<iMLTmé EWIND . AN Tk

IR 2 fi b S & S ERA TR & )
Wm3h%.%®ﬁ%,i%@%ﬁﬂﬁ<,T%@
RN, FHRTIEDEM AL, U 7 h3H
SBAEENED. BITHICB W TORER A 7254
W2 LIERE E 72, AR—R T L— ADEEF
REDNHIHA R TR TR W2 &Ny o7-. BL, =
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DFETIT OV CEE 72 BRI e RFELETH D .

oo
1

A=6.905
d=9.462

N
T

load parameter
~

o — —
/7T N=5.846

7 d=6.719
S5t 4

0 2 4 6 8 10 12 14 16

displacement (cm)

optimum shape — — — —initial shape

The load-displacement curves of point a , shape
imperfection for CASE 2;
Full area loading case; Point a is shown in Fig.3(b)

X7 AITERE K O T BE D TR R D 5%
4. BRRIMEREICESWNTORA

4.1 RiEmKIEBHTETIV
MIMERE T o Y L DE 2 OSRBE LT, Tr
a UEIE OB KM EER Z2 /T 5.
Ty a UREEITREEIMEME L, BRICRSCOHE
WK DENDKRE N ENZE DB D—>T
b5, B, IEEzE0-DITEWT LA ML
ADEANRAHELIDD, IV — RIS RE T
bV, FLTFELONEEZESGERNHD. TR
L RE AR, —EROEM 2 BiET 5 Lo
VFAR A &> D VITFFRIC TR A B X 25603 5.
BHEMDOFIINCT VANV AZEATHZ LT
HLWVHETHLILEERD. AFRIET v a v
W& O e KIIWEIZRE (R NVEAERE) R O~ L
ARNVADDAERDD Z LR RARD.
AT I D B LT FIRE, EERITED
%kfb% AL LG, FERIE R 2 VTR
FTA—BZR NS VA ML ADGAEEDD. Ty
a UG DIREMATIX, 7L A b L RE AR, 7L
A R LR ARE, %LT7VXFVX%A% WA
i3 D ETMRHT D = B2 31 TiT b b.
AT B A Tk@%ﬂémﬁ%%i7vxbvx%
ANEOHEZEETHY, TR R L RAEARIDIEHE
I LT RS S L 0 WEAT TS Z &N TE 5.
FLTC, BWETIET vy a UREEICBIT A WRIE
EHLERD.
%%ﬁéﬁ%ﬁm&?ﬁ%%mﬁ®ﬂﬁ%ﬁkﬁ
éﬁ&%%z%héﬁ fAFEDMELE L TV D Ay
FEE L TRV S wfmwrﬁﬁik%t#

»—»—7
— —
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NEULDZERHHITED. Zndz, KEEHTFiE
OMIPEREAR & LT, MAMEORTHFEE NS
EARET, BREEBIEE (BALO o) ZHH
L7z, & COHESITEMNNELDDT, BAOF
DORFNIETOFEMENMN 2T TE 5. &2 TOHIM
Z WP S A, B RENLAR Y &2 2 K& < B
T 5 hHEE U CHBEBSERN R LA TH D, o
T, FaE bt o HBaEIE(17), (18) TR N 5.

for loading case 1

2,
-y D2
=1

for loading case 2 (1 7)
n
f | 2
B " | forloadi [
= or loading case
F=wf'+wf?+. . +wf' (18)

|
BL, > w, =13EMES —ADERFHTHY,
j=1
| BT MBS — 20K THD. Tk,
D = {D, } 132 b, NIFHEED H
ThD. 2 LT, BB RO L) e SN,

-

|
minimize: F = Zwi fl (18)
=)
J subject to:
$;(X,P)=0 (j=1..,8) (19
o (X,P)<0  (k=1..,t) (20

»»07-
— ey

X = {x; iR~ kv, P={P} 1%
HMOT VA NLART ML THD. R(19)1F5%
Mg, RQoOFIAERMESLMEE R LT 5.
Z OFcE LRI, RS9 & (20) A2 L7
M OB (X,P) 2 AT 52 LIc kY HIO
BFE2B/MNITHZETHD. 2EL, X7
A R L AP #EAL%ORBIEREO S SEET
Ho, BMDbELTLARNLAPABALZEZD
MEICLVAETD LD ERT.

4.2 soBEiLEETORE
WEN /NS WGE, BBEBFE LREIEK
X, PIXFREoZfi iR aime L TnD.

KD=Q Q1)

2T, KiFEEomWE~ s v 7 A THY, Qi

-
—



MEXZ MThAD. KIZIEF VAL APIZLD
it~ R U v 7 ANEEN TN,

AFEATCIE, FERIEFEEE WV CHRERZERICE
W HBIBAE OWA Fm (BT 1) 12> CaXet
BRAEETDHZ LICL 0 a5, AR
ORE T AT BB OB EH TOWY TH S.
RN ERFEH T T 5 &,

KD+KD=Q (22)

Kij,ij + Kij Dj,k :Qi,k ) (23)

2155, FLT, WMEFX—A sIZL 2B OWSIE
KERDELHITRKRDOBND.

D?,k = QiS,kKij_l - DjsKij,kKij_l (24)
T Ky ERHERE T YT H S . R
BATHOWIIE
2= YD f=25'D:D5, @9
’k_axz i) =29iP Pk
ko

L0, 51'. IXKronecker’s deltaTdH 5. - T,

H BB DB T 718 D — 2> DSy i, 1FRAD K95
WCERDOTZLNTED.

me=-w,fg = —25} w, DD/, (26)

3 FENTIRE

3.1 BIETIL

8IZ/R LTV % Tensegrity frame ZflfHE LT
BB 24T 7=, =T N ERA hDOY o 785K
X221 1.90x10° Nmm?* & 2.10x10° N/mm?
Thbd. HEICED BOAFRHEBITERELNY
=7 ndEmE R~ R14, #k oW, 4
RA NOYIHESIPI~P4 Th 5.

W EIISREE DA E CTH DD, FESIERL
TWD P EIHIABEE O L 7o T D, G
faf(Full-loading case); -3 #i {7 (Half-loading case) %
L 1/4 3347 (Quarter-loading case) D —FH%H D fif
7 — ATk U CTHUEMAT 21T > 7. BdEfETIC 3
WTHWSL LT W DS A B O fE X
1.0x10°N/mm’> Tbh 5.

TP ER RS, MEOZRVIREETO T L
A R LRI OB AEEWRTH D, TR ERX
R EME, MEHDLDVET VARV RAIZL D —
TILOEIHANIE (Frya NAEHDZ L ThHDH. &
— 7 )V ERA NOEN)INE DRI LD /WD

4.
4.
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EBREAIRREF L STV D.

| R5 R5 |
! R3 R3 ‘

RIT1,.R1
S

JF D wll

R4 R4
l Ré Ré l

| RC RC |
I 1

X8 Trval ST T IV

B Tensegrity (XA B IT6F L CTEMITHIZ
NS, AP EIC K D EMBFERICRE V. F
7o, WEPREAS~OERIL, SEE I 2 e
b3/ & <, FERFRTER IS RT3 D TEREZ LA K E 0.
BB T, ERAEEKT, BEETOSE
w, = 0.1; Fudimr 054w, =05, 1/4 Sdlier o
B wy =04 EERES A, MIMEHAIREE L s AR
U =—ABRB% (BE) oL TERER 09 &
0.1 LRESNTND.

4.3.2 MBIHER

9 13 EN m O b E R~ LT 5. HIHIERE
LIV RED A ~TEA K 2, EHMITEE L 7L R
M AOELIFZENENEFK 3 £ £ 4 TELT
W5, K10 EK 11 1T EERE S OSEEN &
LTWa. X 12 3t ONRERF 2R L
TW5.

optimum shape - — initial shape
PICENR [ Sanap dis

R A DZAE : (cm)



initial optimum shape

RC 4000.00 4000.00
R1 700.00 643.84
R2 700.00 593.27
R3 1500.00 1639.46
R4 1500.00 1364.80
RS 2600.00 2708.33
R6 2600.00 2454.04
R7 100.00 100.25
RS 592.00 592.06
R9 971.00 971.66
R10 448.00 449.63
R11 867.00 868.93
R12 0.00 37.46

RI13 593.00 594.79
R14 -520.00 -442 .83

£ 3 WM OWER (cm?) :

initial | optimum initial | optimum
a, | 20.00 15.61 a, | 20.00 | 16.75
a, | 20.00 14.96 a, |20.00 | 12.19
ay | 20.00 14.14 a, | 20.00 | 12.72
a, | 20.00 13.43 a; | 20.00 6.75
as; | 20.00 12.67 a, | 20.00 7.36
a, | 20.00 11.20 a;; | 85.00 | 84.67
a, | 20.00 10.39 a, | 85.00 | 81.53
ag | 20.00 9.73 a;; [130.00| 124.36
a, | 20.00 16.64 a,, [130.00| 122.79
£ 4 FTUVAMLVREN  (kg):
Pl P2 P3 P4
initial 2500.000 | -3000.000 [-10000.000| -50000.000
optimum |-2500.000 | -3000.021 |-10000.204 | -50000.044

displacement (cm)

-0.64 -0.86 -0.96 -0.99 -0.96 -0.86 -0.64

-1.13 -1.56 -1.80 -1.85 -1.80 -1.56 -1.13

— -8 — initial shape —©0—— optimum shape

X 10 A3y oo b ERED D 2T
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displacement (cm)

— —@— — initial shape —@—— optimum shape

X 11 1/4 SRR O B ERET A O 2L

S = N W A U A N ® O

1 2 3 4 5 6 7 8 9 101112131415 16 17 18
Steps
—&— objective function —@— volume

12 HAIBEEDOPUR

FIRE DT HE SR, HEEDORY 22— A0 24.6%7E
DU, ESZENITERR 30% R Li- 2 b 2
T X I,

5. #&hYIc

AERSCITMMEREE T o VB LWDOEA & LT
RLED, BRHMECHRASICHENS Z L2
FFLTCWS . S AMEATICB W CT > Y VB R & &
B9~ % Wilhelm Flugge D4 1E'Y73 & % 73, FEMR? A 2
— A7 L— AOFMTEERIZRB W TT v Y VEER OIS
FICET 228 21D 5 Z E AR LTV 5.

ARFw ST v v a U O KMIPE REBE GG, A
N— R T L— A O F K TEREBRRR 12 33\ TR MR
ET I NDIEAERI Lz, AR—R « 7 L—A
D e KL B REFR M X, SO R EMEE2 md T,
TERE 2 AR b TE 5 2 & MR T & 7.

TV a O i KIEIPET REBRGR 2 BE 9~ 5 il
TIEAh, ek, 2 LT 14 s o = FE O (R E
r— A R0 ANIEGE AT 21T > 7223, EEROFE
TR OEEORE 2B —A%2H 0 Anbd L9
WA 5, o, ZTOFECIVELNDEREITE
PRBNARATT D T2D BARH 723G B A R L,
WY 7R MR A RO D ZENEETH D,

ARG SCTHEAN Lz o s b FiElE, s Ze i
DRI W CREMEZRET L2 Z LB TH S
DS, PIRZERI RO iR A SR 6O D Z L AZIXFh R
TliXZew. AL, Zhb ot g a v Ciks
FHROITFFZBNT XY AR EEE L RS
HT &0 2B AR T 5.
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3.2 FoRESTEIEIE

EFIEREOFHI & L CLL T ORHiitEtEE A5,
(a) EEikkE

FOEAE A 270 m EERE L, BHimiE Ik A o
ARG S OEIA 2RI L W FHT 5, Figd (TR 7T
MBEELZ S, R OFHIE p.1 2Rk D,

l

S

Coverage )= x 100 (% )
( g =30 %)

u
1.0
p 1 5\)“  (Coverage)

0 >

0 AHfE X 100 [

Fig.4 E#EDFHIEHEEL
(o) F=E
Fig. 5 (R X D ICEGYRRRIZIMEET D IE 7 IA(dx, dy,

d2)IZH LT, PICE TN 5B oEE 2N L v BH
T %, Figé (T RHERIEE IV, BEE ORI p.2
ZRDD,

u
LT Idz 1.0
y.a . 2 ................... § X2 (Dens|ty)
i
«— ] 0 : >
dx N:LOBER | X2 AHDE 100
v 1RO
Fig.5 BWOWEE Fie6 FHEEOTHERER
oy XV 0 @)
(Density ) = D dy < d x 100 (%)
(c) JKFEHfEAELE

BEIEREO RN L 4(dx, dy)DREER L, FHED
AFEHBMOTaR— 3 L EBETLH72DICHND, £
DRZAQNRT L oIC ) / (RiR) & LTHEH
T 5, Fig7 \ O wHMBEHEE IV, ACEHEREEL ORI

w3 zRed 2, il d. &)
min( dx, dy
Aspect ) = ————22 0
(dspect ) max( dx,dy) 3
u
A
1.0
1.3 | X3: (spect)

0 - > (50, ED
0 X3 AHE 1.0

Fig. 7 JKTFHittaLLDFHmBI%L
(d) Bk
K@ TR T & 9 ITEE L= BE(OK) 72 S 1 XA ML 14
1, THLINNG)2HI1X0 &T 5,
OK — u.4(Floor)=1,NG — u.4(Floor)=0 (4)

3.3 WEEMBGEHEDHE
(2)~(c) TRDT-FHMEDHFTFINT, (d) DR DR
T U7 b OEEIERR OB ATHIE Evald &35
H(5), HRFEHZHND Z LT, ENEROFHEN
EBIZEAT A EEWIFRFL T D, 2D Evald % GAs
DOFHMFEE S LT, @EpiehiEts179,

Eval 0 =3/u.1lxu2xpu3xu.4

4 ERAHERREE

AT C W TAER SNSRI RT LT, BET 5
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4.1 EMAITOzH b

AHGECIIE OfRA, EHIIBABANIERIT i
A by 7Y — RIIESIRE STV D, ZOHER D
THHIL Web 7 —H _R—2 CEFHTHHDE LTS, &
(ZIX H AN, HECITARERE 2 Y, T2 =T
5« FERRIZAS 400 D U o— 238 gk S, BEE LR
WS (No.0~No0.399) &, 10 BN O AN SR

(10~100 4F) Z4E544 1 AREZHID M T T\ D, £z,
RS 135% 0 AR K-> TR 5 (H46)).
Tablel [T AT L TH O B OWTIRT Y A b &7

Tablel ERMDERE' R ~
# (ARMEE) 2 (HEE)
Type H (mm) B (mm) t (mm) H (mm) B(mm) | tw(mm) | tf (mm)
0 200 200 8 200 150 6 9
1 250 250 9 300 150 6.5 9
2 300 300 12 350 175 1 1
3 350 350 14 400 200 8 13
4 400 400 16 450 200 9 14

flit&s= [ELERHTE] x ( BRYMAEL] /1000  (6)
| [SERHE] —ARSAH : 76000 A1/t
4.2 EBHOER - BLiE

e S N EEIERR AR T 5 2 COFMICE 5
(Index) % 5% Fig8 DX 512V A M3 %, Fig9 lI=
T XK 912 GAs DiBfE THEE 3 O 1 U/, Kills 1EE
WCATI SN T o B DIl T — 2 =2 S
TV D EAEIE O ID Number(0~399) % 33, 5564 D& 5
(Index) & EREAWTIET OO ID Number & A3t L, S&fmfHEIC

A T DEIEA R F s A RF O ANEIR SN D,

#EIndex| 1imEEAE | 2 imEEAE

HomA Z£:nK 1 0,000 | (0,0, 1)

2 (1,00 ] 1,01

/"/ 3 200 @01)

I\I

m 2,32 [ 233
2 Index| 13HEELE | 2 SHEERE

1 0,0,1nH] 1,01

z, 2 [don[@o
3 00D 011
X n 1033 ]33

Fig.8 Ep#tD') X MME
#% Index 1 ;ﬁlndex
|6|3|D|1|5|7| --------- |Q|8|D|o|e|9| ------
No =3 Z

H—200*150*6 %980
H—350%175%7%11.720

0 |[1—200* 200 * 8,790
1 0—250 % 250 % 970

(34 P41 — 400 * 400 * 16,50 [H —200 * 150 * 6 * 9,740

TR R—ZAD [ (280—5—266+200-+8-<30—>K — 450 * 200 * 9 * 144>

ERpEE ) X

399 [O1—300%300% 1260 |H—300*150%6.5%9100

Fig.9 ERMETEDER

4.3 ERPHERETE

HIAER ORI & L CLUT ORHiliFErE 2 FV 2.
(e) EMMERFH

IR SSRE S, @ ORI
HM DOFTIET D &, EZHSCA T T RAED
M CHENRIAER L 72 57280, DT EMEHEK
L RO AT 5 Y 22— A OBR 27 Ml %,
Fig. 10 ({9 RHMmBEE S EF 1 AMEOFHIE .5 25K
b, R (7) LM AR HEHIE 1S 2R 5,

R
A
1.0 X5: (Lifetime)
uw .5
(Lifetime)=year
0 : > year : EEHRER DIt FRAESL
0 AZfEXS 100

Fig. 10 E¥{EREHOFHERE%
5
e 0
AR MTF—TUR
X0 ZAM72 A 2R 5 I 5 (TP ORIl Z
9% F NORMIHEDEIG w6 2 (8) L W Kb D,
> minCost

p6= > Cost ®

Y minCost : F/IN& 745 BFEIREM D#RMMHE
YCost : FEREREIDHAMHE

4.4 EMBFEHEDOHS
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HEEMIOZZEMH IS I OVER L7 H B WIREEIZRN T, O PR AT —DRvMEIZ L > CHIETE %, Mut-
SefEEN BN TIE, OTHT IR0\ 72 5 L9 7ef TGV IRREDETTAET 5 7o OB DO ZEE /2B IR
Fib, SMIDIERIZ L T, —DOLEARD DO LZERAR~NEATT 2 Z &3 TE D, 2D K9 7 multi-dabletiEi s,
T TR TR CRNRI ST D, AGRCIE, 35 LU muli-sebletii&) © b % da-shepadprismetic 7> 27V 7 ¢
HEEDEARRIT L. %O muli-seble 8% 8B 5,

HNZHERRUZ2W0EREE (qu) & 8l — 7 VTR S LD B EE A T U T s SO [, B
MOMZHEST 27200V a A v MPREROT, HWEDES SIZZOEO—>D A Y v & LTEHET b,

A TOHRIZIBNTH )T E CEIIREEICH 5 DT, BHEO Y ARGREEND X O 72 B CEBTRIREHERFT T 5 72O DREE
i GLR) HETIER,

T o7 T A REEOZEMH T 5070 LTARICRE HKAEL TD, ASROMIZERR TH LM 13, OITrT L7
dar-shepedprigretic 72 & 7 U T 4 EEMIOZZEM T, BEEMONAR G OBRRIR) KOmS &2 (ETREhZ2no
HIRDMAET DHORE E) O L > THRRD, AL, MEE12E (Quper dable) & S & 225E (predressgiable) &\ Y
TODEENR® D2, 3. Bl K LIRT X D 728 25 ED da-sheped prignatic 7 7Y T AEEIEIR) CER OB &
MEFD, vatdale (BT 2OWRIZEH DB Z T SHIRD ORI OAN RS (Ds & DA 28Tk 5 &

INHEED DORFRE & SRR 22T . LinL, X1 @ORBEEMIIST & 22ETHHM, X o) DRSS S22
Th D,

@ S LEOREEY) D (b) ESZEOREEY DS
1 Vaticd ceble DIEFRBZEMNE AL 5 2 FBEED da-sgped prismeiic Tt 4 7 1 1#8EH

MG 22 7E (super Sl DA IE, TR (RSB LU B ORI O L~V IS b b8, #E D
OF B V= 3ME— D KRIBE 22 MED D ¥ . S ZEDTEITE. Fon- D MEN DD, ZHHDTFR/LF
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@ eIkl ) ZERIR2
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DD 2 IR DEFAE A HEE OB S H &2,

Sa-sheped prismetic 7 2 7'V 7 1 5T dibedrd 5% D2 A LTS, Dy Gl 2n{EOKFAEME « nfdd Bzl (2
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V22 L5 L FEM OGO SE ST TO L B0 Th b,
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Sa-shepedprismaic 7 & 7 ) T 1 i 22N T verticd ceble DB AT 5, Zhang B[FIEn A3 EET v=(n-1)/2
THHGEHIT, HIR, MEMHER L OO LU Db B PIRMIRE Ch D Z L A LT-, ZNLIOSAIZIEH
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(1)

(2)

(3)

(4)
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W D =X —DFARIEE T : ZOBPETIE, MEMILE CHEVIRIE T, T Z olkigE
TR E -2 727 B, AMIOBREIZ > TR .

THAF—DREKE | TRAF—OMEOEX TP r L7250, TR THY . ZORBEIIRZE e H O848
WRIETH D, FBRC Z ORiEE Ciifilleling 5-2 7272 BIE, SMELOAINC L - T, FIEPEIRS 2N Rt
50 | YN 2

TN —DIHRIEEBZ TRE | TRLF—OROEE 3P 1 ThVLOT, #EwITH CE8A RETIE
7ovy, SRR Z ORAEE TR A 52 7272 HIX, ANIDBREIZ Lo THEEIEIRE TREIT %,

BASTR . =R —OHfROME (T E 2 TROOT, ZOREEE OGN TIEZR0, B 200)d 5V EX
5(b) TR & DI, 3ARD sutAMET D Z L IC K o TOHEINT S Z LI TEARVDT, NI 5 2 &R T
P MMEER LB, LIER-> T, sut o8l K> THEIIEIAVIREEICH Y . ZETH D,

) D4 1 dhedrd XM FE> TN DO T, ik 4 LBNOROBEFUIT IR RRE 5.2 T, FIIIAR £ 135872 584
BAVWRIRIZET 52 ENTED, LIehi> T, ZOMEM IR E GO T SEDOLERIREA L T\D, ZIT,
ATARIZIB TR L 0 MK Ze o T g,
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4. £FEH
A I, BT LU multi-seble i) Cdh 5 da-shapedprismaic 7> & 7'V T 4 HEEHAFE L. £ O multi-deble 5@ & Kzt
BCBRL-, F7-. 0 multi-seble 3584 WER /s B Ol LT,

HEEIORFREZ L > C, da-shaped prismdic 7> & 27V 7 ¢ KEEIOFIIFZIR T forcedendty 2 fliHU kD H Z L3 T&
by ZOMHEDOT 27 T A HEEHOBESAZEML, vaticd cale DEEGRHR TED HID, £, BEFLE TR
B FOLEMHIEEDOIGR. CERICHT 2E S D) [UKFT D5 L 2R LT, EbIT, FIHTE ZEDREEDH N
S ODDLEFCREFFHOZ L =BT LT,

AIEOMZETIE, #EEMOIIRE L OYHR OMEMEZR £ 0 multi-gable 5B h~DR 2 W TR D TETH D,

E i3

ARFFED—ENE, BB D FHER BB IR OLE e ORB CHE EE - 707 ) » PRATHETIA T
NFE Uiz, AFGeEED 5124720 RobatConndly % (7 A U AHRIE - Comdl K7 OBIEZ2THEF L7, 2L
T LET,

5. Xk

1) Fuller, R. B. : Synergetics ExplorationsintheGeometry of Thirking, Collie Maomillan, London, UK, 1975.

2) Connelly, R:: Tensagyity structures why arethey steble?Rigiciity Theory and Applications Thorpeand Duxbury (edks), KluwerPlenumPublishers 47-54,
199,

3) Zheng, JY ., Guest, SD. and Ohseki, M.: Star-sheped Tensagyity Strudtures, to besubmitted to Int. J Solids& Strudures
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#2 2. Length and A of Cables—2

Cable Initial Length Final Length A
1 12 12.0065205 4.06909
2 12 12.0067365 4.06593
3 12 12.0065205 4.06909
4 12 12.0067365 4.06593
5 12 12.0065205 4.06909
6 12 12.0067365 4.06593
7 12 12.0065205 4.06909
8 12 12.0067365 4.06593

Total 96 96.05302783

unit of length : cm
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[1]  H.-J.Schek. The force density method for form
finding and computation of general networks. Computer
methods in applied mechanics and engineering 1974;
3:115-134.

2] Peter Singer, Dieter Strobel, Rosemarie
Wagner. Some remarks on determination of tensioned

structures. ECCOMAS 2004.

[3] M R.Barnes. Application of dynamic relaxation
to the design and analysis of cable, membrane and
pneumatic structures. International Conference on
Space Structures, Guildford, 1975.

[4] MR.Barnes. Form finding and analysis of

prestressed nets and membranes. Computers &

Structures 1988; 30: 685-695.

(5] Kawaguchi ~ Ken’ Ichi, (Unpublish)
“Application of Generalized Inverse Matrix” ,

University of Tokyo, Tokyo.
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F7-. T, EhOZEE, FRRSD. BErsar b, BHiZp s S AR ) T OFEZFERHA L, AR
YEASEEETH LN TEAEERML Y SARTMAE S P(PSet) & 2ERK T 5, 2 2T, AR hvd
(Refined Plastic Hinge)i%:% FiV 5 *9, LR A DEEFE(PSize)l L, RefSet DESEH(b)D 5 fi5f2
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JEL3 5, #hilkd D RIS DV AKX — N THZDOHEE
5,
@ Improvement Method
O TR ST PSet DAZESEDAROFHfE Z 7] L
SHLHIOIT, HRERROERGEE AW CRER %
179,
® Reference Set Update Method

DL@IZ XV AR SIS PSet D 9 b, HliDRE i
by i & ZHEIED & 2 iF b, [ 2 FlH L, RefSet 4R
%, RefSet DEFEL b (=bi+ by) (3£ & b 20 (EFLE
&5, SRERIHIEICOWTIL, KEiTkR527 5
2B T E R, KT T AE—N S DR
BN RDERENFR L LT3 2,
@ Subset Generation Method

@ THRL LTz RefSet 72HE TOfFDRESDT=DIZ
il S R (B % N
® Combination Method

@TAER LIZH LW IEAIZ W T iR Efia L.
- f;ﬁ’%%éﬁiﬁ‘é ﬁBéz\%AQ ODEE) T %
il X & X" ORI k0. FEEME xBTS
FEzEA(D _/Tﬁ“ EEJZ SR Pool £EAITEFE S
o,

X, =x"-d, X,=x"+d, X;=x"+d

o )]
, r =random[0,1)

1

ZOIEX VRSN DAEEEG (Pool FEANTKRT L,
& & D RefSet 5D, @D HEZFHHT 5.,
FFED 5 SO FiEE WL SS T L— b
2127 5(K 1),
Step 1. (DDiversification Generation Method
&AL, @Improvement Method
PSet (ZINA %, Zil%., PSet DS PSize (Z
727 E TR IRT,
Step 2. PSet 7> aHMfE D i\ i by i & ZARM:Z- ek 4
BT OfFE by [EAE M L, RefSet 4% T 5,
For (Iter=1,.MaxIter<g: V) 3% LA _L[R)
Step 3. (DReference Set Update Method (Z X V) . FHHiDE
WHEDODE by fll, 77 AL —DREFEE (%7
T AL —HULBECHITVWVELE | IREIZ) b,
fEZ XV RefSet & HH 5,
While (newsubset # ¢ <51 LU EEE D720
Step 4. @Subset Generation Method (ZJ ¥, RefSet
LEDOTIEEZ AT D,
Step 5. ®)Combination Method (2 & ¥ | F-l/ A

L. kD

IZED., fif x

[ veEL,

RORECIRE ERR S D,
Step 6. @Improvement Method % A=E% AR i FHd 5,
Pool ££ G AERSRZINZ %
Step7. Step4 2R D,
End While
If (lter<Maxlter and EREMEb BEOFEH/2L) then
Step 8. RefSet HH5 16 LAk b, ZHIFRL. O
Diversification generation method THI7=I1ZZ4k
fif b, LK S, RefSet IZNNZ 5, Step3 (2R
%)
Else Step3 |55,
End if

End for

~sDiversification Generation Method|

Step 2
Diverse
PSet @@ @ @
@é?g@g@
Step 3 @ @@@ @@

Step 8
i Are best bl updated ?
replace diverse 2

[Reference Set Update Methodk&

Best bl YDNerEe 25 clustering

@@@ .Q

0‘|

FefSet

[Combination Method |

\ Wit TE(DO ))

Subbet 1@@_.

%8 @2 S
089 ®®® oo

| Improvement Method |

_________ o
18877 L—+

2.2 H95RB1YY (clustering)

SRR A R DRI
FEELTY TAZY T HITU.
—

SS @ (3 Reference Set Update Method "Cli, RefSet
7T AL (o, 1 ZERAROEK)
ENTENDT T AZ
TRBIEWESERZFME L LThit+ 2, T T

L B LIy A8 Y o S FEOMEZ RS,

7T ARY NI T~ = T FE DD—oT

HY ., T IIGEEIND, FTAX VT T
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Y XA, EP (Partition) 7 /L T Y X A R
(Hierarchical) 7 /L= AL SND, AamClE, H
H7ePEEM T L =) X L2 5, fle LT Pk
D n B ROES S= X(1D)XR)XQA),.....x(n)} % m FHD Y
FGAR T AT LTY AL E L TFIORT, 22T,
D(C,, C)FY T AZ—C,DHFHEL COERMD, +—7
U MEREEORIMETH %,
For (i=1,.n, let C={x(i)})
While(there is more than m clusters)
Step 1. Caluculate D(C;, C)) for all possible pairs.
Step2. Choose minimum D(C,_C)), and let C=C, U C,.
Step 3. Remove cluster C,.

End While
End For

FREOT Y Xz 9HO 2 RotT —H T LTz
B 2 |9

80

70

&0

30

30

20

a0k

10

JEIN

197862543

V.
2 D3RR T OERE

FHEDH—Y 2 R 672 HE%E R LTl Bi
DFEEZOFEMATE L2, 4 HiTERLTL—2
DFFBARRY 2 FD L 91T, X, K. VI L—2ADHEA Y %
N & 7R DA, AR ORERED SR O EE 258 8
I, Ko T, HHMMRORG LT 527 7 X
2T X K VI L—RIZEAT 7 TRZ) 7%
KBIL T A2V 72475 (X3),

2.3 Y75 T4 TR T—H—F (Reactive Tabu Search)
B 7 —H—F(TS)i% Al [ZHS< BEEROE 22—

AT 4 7 ATHY Glover IZX W EZRINTZ, TS T

FHHEATRE e A€ U ZASRAUICHRI L T, Risldgi

fiFm kDD, By 7 —h—FO7 T Y XAFIRO

WY ThHH W,

Step 1. AR S 2400 2,

Step2  UTEHREES NS)ZAERT 5,

Step3.1 NSYEGDHH, X7 —TRUMEEH L, Z
DR DR EfEE S &5, SN 1OTHAF
TETAUR, S"CREZ R L, Step 4 1TiET,

Step3.2  Step3.] TENHHT SHRWGE . NOESD

brace it R !

mm I frame @it &8 '

frameD&H M2 TA5 ) 2T

EHMOFLHEMRL

K V-brace®@2 32824 L —— _——_———————— — — — —

‘ I : |
K-brace@ HIME suml : AT

K-brace®WMME  sum? SRR SRR e [
v-b::E:mmﬁm o A= 00XT) N, A220, A3= (X3+XB) N, J;_"

I
suml sunl sumdEERIZE LT SEMRIREE | '
\ K. V- brace . Fk

I

I

I

I

I

| _ .
| N-brace® s SR8 Y 24 4_ I ﬂmmﬁnmmﬁm—] |
I

I

I

I

I

I

SHEEVAMINTBISRAYLY
HE T =L R DRETIH L, EORNDRE
fifz S* LT %, S"DARAKUE (BUEDR 2R
IV HERTHD L) Amiotid, fias
H L. Step4 (ZiETs,

Step 3.3 Step3.1, Step3.2 {ZI\NT, fiFRSFEH S /2 G
B NSYES DR AR CRZ FH L. Step 412
e,

Step3 TIF LAz 27— 2 MZBIT 5,
HET SRR 0 IR LIRS ERRICEE T 2) A&l
7o S72FHUR, Step2 ~RD,

FE A T VTR GNTROEEGTHY | ZD A

T U DY A /& FHULRFTHaEME ZF-< RS 5

YA X RELTHE, PERENEE ST, ITLfE
aﬂﬂﬁﬂ_%ﬁ%?ét‘éo —J5. BEWIAE VL, fEDED

RINAHEE I ML, fROMD R LNEL 7ol
& ET, ST DR HTEME (VA2 —]) &

1T 7o DI BV D ATl FFEoRAEZFIR L,

AT Y ORI EZEOLNMROREE G & IS5
VT 0T 4 74T —P—F DRTS) % Chaift 21T
9, RTS TlE, FFEOFEAT LT XD Step2 DRHID

HROMZLL PRI VB AT Y OF = » 7 Step2.1 ZFfiA

T2,

Step 2.1 A 7 U L T(FROBVIRLYET = v 7 L, i
VIRLDEZ o7235/1E 4 7 — Y A hOHA
RHART,

U A SOYA ZERENDINGETXY A hD
YA REP D /D, RO IR LUIEED %
WA, U RAZ— T 5,

AT, SS OODOHEZETEM L, RO K L@E

SHNIG UTmfEA Y — M e gL, Zhi

S — REE 2 CTFEChRai b2 179 ZE#&E

Step 4.
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<720, BSRRE 22— AT 1 v 7 A LWRES T ARFE
ToHEa—URT 4 v AT D 2 EDNAIREIZ /R D
(X 4),

Sten |Generate solution by pure randemization |

Genarate neighborhood solution by Zexchange
and randemization within specific range

choose best solution 1 which 15 not tabu or aspirated
choose best solution 2 which is tabu

if there are any ). update current solution.
else update current b and decrease list size

Step
CStepd e {install new sclution in tabu list ]
Generate L diverse solutions { L: average cycling length)
by Diversification Genaration Method (SS)
choose the most distant
solution from current selution
L—tefresh, then install new solution in tabu list |
tep

4 RTSOT7ILTY XL

3 BIEEME > Ti% Refined Plastic Hinge Method)
FERFHTIN T, BUMIZRIBME b o AT 4
AW THEERGF M THON TSRS, HRERGTOBLE)S
. EEICIERIEAT A O CHEREE R T 2 2 & b
A[RETH D, Chen™, LRFD & [RIZDMMHERE1H2 =

LINTE HEESNE L P15 (Refined Plastic Hinge) 4

RUT-, ZOFEOMEL L FISR~5,

3.1 EHMETIL

EEBEE MR, OB e RIS, fihA
B, FREINT) & BB O, BEEDFE
IS A BE TE DL CTH D, T 2T, AP
T BENEEE 2 VD O LUE L, RFTEER CTOH)|
MEFRERDIMNZDONTIRARD, 1EHTI My, M, P (A Vi

L BUGORITE—X > N EHihS)) OB EENL O, O,
e (A %k BUROEHLEA & EAOMOY) OB OBIRIT,
wcREND,

M, s, s, 0 )9,
M, |==Hs, s, 0 |6, @)
p 0 0 A/1)é

Z 2 C, AVTERMWIEAL, L3R, T3 2 ke—
AU B, E XYoL S, S TR A BET S
T2 DLZERE T D,

BlzIE, AsEpSBt b L= & & ERD &L BRI
TR X 91275,

M, [0 0 06 (1
M, |== 0 (S,=S2/S) 0 |6, |+|S,/s, |aM,,,

é

P 0 0 All 0

€)
T IT. AMyey X, BIEENZ XD A ST E—
AV NOELETHD, B WmNBHELLLIZ5E. A, B
SN & BITIEAL LT Bc o Ch Rk ER L T &
%o FEREIGHOEEIOWTIL, E 2+ Lick
STEEL, WAHORE SITIEUT, FZE VTR
E% E\ARTF &% 5, P<05P, Tld, E=E £ 5%,

P P

E = 4EE(1 _E) for P>0.5P, @
Z T, PR RN T 2,

WIT, BB RIC W TIE, RATERESND 0 &
A B, BRI OWTRM L, n ZZEIUTDOWTRSD
Do T2 o= 0.5/ DEFEANZIMELT 5 LIRE L,
o =05 T, n =10 &35,

P 8 M P _2M

o=—+—— for —2———
oM, R ToM,

gt M o P 2M ®)
2P, M, P 9M,

n=4a(l-a) for a>0.5

ZIZT M3 EIEE— A N THD,

n & EAEMWT, A, B HIZ, a OfEN 0.5 LLE
Llpot (BMEDMEE ~72) BEORIM RN, L
TDOX 725,

M, n44S, _Szz /8,(1=15)} 7,155, 0 0,
M, |= LI 7055, NS, _S22 IS(1-n,)} 0 0,
. 0 0 All )| e

(6)

ZIT, n DIRFA, BIZA, B COETH D,
A, B il RS A2 8 L2 a X, MIE AR,
LLFDX 91272 %,

o |= | Si S (0,-M,/R,,) (7

é

0 0 4/1
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ZZC, R Rupld. TNEHL, A M, B COBEAHER
OEREHNEE 35, F72, Si Sk R(O)D y L
PHERFOZERIR L T S e L T 5,

Al FROFHENFTEESI N7 v 77 1 PAAP
ZRIH U TR 21T 9,

3.2 BEEHETIL

DR K % 4 SOEEETEA(K 5) KON MG A
ITWEESTH D Tstub & Wb DEEETERDER 5 o%
REHE & T D,

Er e

(1) Single web angle (2) Double web angle

B [EE

(3) Top and seat angle (4) Top and seat angle with double web angle
5 Z-HoEamX
A M-0BRIL Chen A2 L W BRSNT2 3757 A
— S ORIEET N END, £ 1 2O TRH LM

B A X 6 12”7,
160.0 T T

T-stub

140.0

Top and seat angle with web angles

Top and seat angle

Double web an

Single web angle

ol L I I | L I |
0 005 010 015 020 025 030 035 040

6 r [rad]
6 ESED M- 0 BEHR

4 FHETRRBOFRERUERIE

BRI TIORT 48 6 AU FEE#LE L, 4
JEIZ, 75kN/m OS5 ARERE A 2 #im 9 2,

MR RO S 1A A11X{1.00, 1.15, 1.35, 1.67} & L,
YU RS E=2.0X10° [N/mm?], N7 Y b 0=03. Btk
SR F,=235 [N/mm®] &35, SR U 2 N 23K 2 1T~ 7

JERIZTEA I BE4 259120003 KON, #&SBit S P,

(ZBIT DHIRIE, D K DITERTET D

2813 2950

23216

2350  |gB1.3 3319 7813 7750

[281.3 33714 281.3 2250

B1.3 3374 2813 2250

] l?;
—
43003 B350

e L L] 7 wn wn

|—s000 | 2000 |—s000 | 2000 |—s000 |
HETORERN], REOHELIImm]ET 3,

B7 4E6R/N\EH
&1 EEED I DD/INT A—4

Fel] My[kNm]  R,[kN *m/rad] N
1 Single-web angle 18.39 164.08 1.8
2 Double-web angle 36.78 328.16 2.7
3 Top and Seat angle 53.95 23409.36 0.8
Top and Seat angle
4 93.91 26786.79 1.2
with web angle
5 T-Stub 170.00 58600.00 2.0
5 2 BRMMAE
ERAETT X-brace Wi K, V-brace Wi
(bl 1 600 (G (LY
1 150100 1 75%40 1 65%65
2 200x150 2 100x50 2 7575
3 250x175 3 125%65 3 90%x90
4 300200 4 150x75 4 100x100
5 350x250 5 180x75 5 120120
6 400x300 6 200%80 6 130130
7 450300 7 200x90 7 150150
8 500%300 8 250%x90 8 175x175
9 600300 9 300x90 9 200200
10 700x300 10 380x100 10 250%250
11 800x300
12 900300

f=—% _10<00 (=14
}:,max (8)
=-L-1.0<00

8 P

u

T T d IR, dype () X 1200 OF, Py
HHAMETH 2,
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4.1

EREAEHERY S EHORAEE E1)

RERMARTHEEREK 8 DL IITEDD, C-1

~C-12 Lz o b4 DRTEZ R 1 &5,

£ ET—cT o | S e [o [Tt

k-7 c-1jc-8 c-gfc-9 c-olc-a c-8jc-7 c-1

E-a s C-5[C-6 HEs o c-4

£-1 ) c-2lc-3 e R c-1

77 L 77 77 e 7
8 HAKHERIEH

FE L AR T2 cH Y STk 1), 2tk v kT
EDD, b UUITEWVES T, HHMERED 0.125 OF|
L, LT, BEESISEWGAIE, SBHMEED 0350
DOEFEL &7 5,

B(X)=BR +j, 0.225

S,
Z T, RIFHESHOWHEESIETH Y | S 1%, B
BEHOEEISUTETHY, 41285,

R4 EEEFHIIHT S SOE

(10)

B = B, =0.125

4.2 TL—R{F=EHDEAERE (E2)

T —ADFHEEEZRTHRAERLHID L
ICRET D, 7 L—ADOFHEE LT, X, K, VEIT L—
2D 3FEEBE L, EHO~Q & EpH 2 foif b3 2
WEA 2 &35,

1 il 1z 1 il

7 8 9 g 7
A

a 5 AN 5 )
,7/ 7

HYun
A
Yo
A

7 77
HH D~ HIRIC T

ar

9 TL—RADIEELBLEERT EH

or

4.3 EEERANEHETHIL—RAFEBHEDREERE
(FeE3)

FRLORIE 1 DS SAHTBET Daat 25 L [ 2
DT L—AOHSE - BLEICPT DG A a3~ Tate
G AE 3 &%,

XTI 1~ 31TxF L, RO = R h 2Bl E I
Iz, MRS K 2~ F VT ¢ R LT AR M
ZRODEDNTHZ D,

nf’ nf+nc nf +nc+nb
M'=Y"m (X)+ D, BX)m (X )+ D my(X,)
i=1 J=nf+1 k=nf+nc+1

5 N d,
+k, max{(—> —1),0} + k, > max {(
P 1_1 d

u = a

- 1)’ 0}

©
Z 2T, af IXEREE O, ne IXHMEES O nb 137
LA H B, ETz, my X EAEH O m,
7 L — REE R k. ol TSI T AR B,
B IE. BEEMOMITIE T, HAMICL D22 b

Fnall| S; [kNskmm/rad ]
1 Single-web angle 85x10°
2 Double-web angle 113x10°
3 Top and Seat angle 226x10°
Top and Seat angle
4 282x10°
with web angle
5 TStub 452x10°

5 ELDIER
5.1 EEEAHNZEY LFHOREL

10~[%] 12 |28 1 12B39 % SS. RTS 12 K D 5if b
DIEIE, KON SS 1T & > T BT lsifiE 2~ 3,

SS T, fpTIalELAs 73336 [A1(88 [HID#EK L) ¢ H AR
B8 244 [kN] & 7257203, F D5, 100 [RIOMER L E T,
H B TR L e o7z, RTS 14570 [El0O#kK LT H
RIBEES, 288 [kN] & 72 ~7278, Z Dk, 1500 [EOOfEK
LET, BRI Lisn oz,

WG, FEICOWTIE, K& e AW ER
T D NIORED T D MAIORE L 0 BRI RE < B,
RE 72 AWHDMERT S 1, 2 BT, B Z/ &
T D702, BEEY &R FROEAMIM: &
ZORWEIRE . EREARO/NEN 2, 3BT,
BEMROBEA RO RN & RO NS < 725 &
IR D D,

4000

3800

3600

3400 |

3200 |

3000 -

280.0

penalized weight (kN>

2600

2400

1 1 1 1 1
W 20 30 40 30 &0 YO B0 S0 100
iterations

10 SS 2K BB bDFER (REIRE 1)



16000

14000

12000

1000.0 Hi

8000 -

&000 1

penalized weight (kN>

4000 L

2000

1 | 1 1 1
200 400 600 800 1000 1200 1400 1600
iterations

11 RTS 2 & B LDFER (RRE 2)

A A % ~ " 7
O Single web angle o Doble web angle o Top seat angle

O Top seat web angle [J T-stub

12 EfElsomsE (RRE 1)

5.2 JL—XftEEHOREL

13~[4 15 ICRI#E 2 (2F8 9% SS. RTS (2 X D 5aifb
DRI, LSS 12 & » T D= it 2 7~ 3,

SS T, fRATIEELAY 51272 [E1(49 [A]1H DR L)y THIY
BEEAEAS, 183[KN] & 720 . 2D, 100 [A1H Ok L &
THMIBED 92 = L id7eh o7, RTS TiE, 650
[FIOMR LT, HRIBHEEDY 223[kN] & 72 o723, D
. 1200 [ElO#ER L £ T, HRIBEDNBAD 325 2 L3
NoTz,

VUG, AEC WL, KRE 2R EAMTIMER
FTHPAOFED T ASMAORE X 0 BRIERRKE <, 7L
—ADOFIEIL, K& 72 AWIBMERTS 1, 2@ T,
X0 b7 7 L —2ADEE S, YERE AT /)
N2, 3JE T, MED/NESWT L— ANl S LA
MDD, Flo, AN OREIFUTE, X T L—
A, INESTpRUZE, K VT L= AL E SIUVAE
238 5,

230.0

T

1 1 1 1 1 L L L L
10 20 30 40 50 o0 70 80 90
iterations

13 SS 2k SR DR (RERE2)

2200 L L _L
1] 200 800 1000 1200

400 600

iterations

14 RTS 2 & B DFER (RIRE 2)

15 EblsoERE (E2)

5.3 HEiFEANEHT S IL—ANEEHORKEL
16~ 18 (2R 3 1ZFF9% SS. RTS T L 2 ik
DIEIEE, LSS 1T & > T BT iU 2 7~ 3,

SS i, fEbTIEERAY 111072 [B1(88 [l H Ok L) TH
HIBSELEAS, 242[kN] & 720 . Z D%, 150 [E]H Dl L
FCHMBEDN BT Z L1378 o7, RTS TIE, 190
[BlOREE LT, HIIBIEEDY 313[kN] & 227223, D
%, 770 [ElOMuK L E T, BRIBEDNEDT2 Z &3
VY,

WHUBCHEARI T, FEICOW L, K& e AW ER
T HNORED MR LV bR S &<, 7L
— ZDFE L BALORIMEI W TIE, RIS 1 LR 2 o
TGO T DRHEEFFOf & 720 . BRI
ERELT, BEAMNEZ/NES L THER LM T L—
AxfciE L, BREEMNEZ/ NS TD eV ERIZ L
— RATNECTEEZLND,

3200

h
ro
It
e
=

penalized weight (k

1 - 1 /i /i i 1
g6 @0 100 120 140 1&0

iterations

16 SS 2 & HEBE L DFER (REIRE 3)

a0

I
20
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2000.0 .
1800.0
1600.0
1400.0
1200.0
1000.0
8o0.0

600.0

penalized weight (kN

400.0

popn Ly T —— -
[} 100 200 300 400 500 GO0 700 800
iterotions

17 RTS 2 & BB L DR (RE3)

K

’
)

A ’ " 7 % 7z
O Single web angle o Doble web angle o Top seat angle

O T-stub
18 EEoEAZ (ERE 3)

O Top seat web angle

6 5

AFmClE, SS & RTS 12 LAk b7 12 X
LERE L, TND %, MORITEEN 7RG & A7
SN THEOLNE L 7 L — A DR - Bl ARG A
Bl U= Uiz, £72. SSIZ WL, Sk
DERFHCHGIR 7 T AZ Y o 7T X 8EFHWT
WRAEITo7, &5HIZ, RST 2L, R1072 Y A% — b
ZAT 9 T2OIZ, SS DEARIARARGE A IV V2, 7236,
FRNTCIE, BT FIFERRIE & M EEERE O 7 A B8 L
TAEEIBE e o D% FVE,

Had{bOfER LV | ARG CTIZELT- SS & RTS Z L
THEL SS DM RTS L0 b BN GONDZ &
DDA T,

4 BiICRRE LTz 3 DORREIIR 2 Ur{Pl omfi ORHE
M, ARV, 3 OREE b, AMEL Y LPNFED
FARER K E I DN BT, 7 L—ADRE &
BAEER ORI L, R Z W AMTIAMERT 5 T T,
W72 7 L — A E S, RORIMEIRE < 72 D3
bolz, IHIT, HWEHESZRE LIZGE. O]
PRIZIS CT- e fap iR ST,

7L —ADOEERIEIZ OV TIE, HEERICRBWLT B
PEO/NSWT L—ZANEE SIS Z E BT, Zh
X, T L—REMOBEG AR M RiAE ol Z e
JFIRE &z bib,

AtkE, MERE, AT FIE, Rl FEICE 2 Dk

TRMETH D,

SE3H

1) M. S. Hayalioglu, S. O. Degertekin. : Minimum cost
design of steel frames with semi-rigid connections and
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