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RELATION BETWEEN ADMINISTRATIVE SUPPORT AND CRISIS
AWARENESS OF RESIDENTS IN SUKAGAWA OF 15STH TYPHOON
SEPTEMBER 2011

Naoyuki INOUE*, Hisao NAGABAYASHI** and Masahiro TEZUKA™**

Abstract

In September 2011, all over the country was damaged by the 15th typhoon. Many residences were
flooded due to the inland inundation in the upper reaches of the Abukuma River basin. In the present study,
we analyzed the developmental processes of inland water disaster from rainfall characteristics and flood charac-
teristics. Furthermore, the questionnaire survey of the damages and the evacuation of the in-land inundation
disaster were executed in Sukagawa cities. As a result, the first showed inland water dis-aster occurred in con-
junction with the rapid rise of river water level. The second revealed that the past ex-perience of inundation af-
fected to the evacuation. The third found that hazard map and publicity vehicles could not work effectively
during flood period. Finally, it is shown that residents expect to a capacity im-provement of drainage pump,

and a victim’s support of the flood.

Key words: Inland inundation disaster, questionnaire survey, Inundation past experience, hazard map,

the Abukuma River basin
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Consistent Shape Function for Free Vibration of
Linearly Tapered Timoshenko Beam Element

TrINH Thanh Huong*, Takumi HIBINO** and Buntara S. GAN**

Abstract

Tapered Beam elements are of great importance in a broad range of structural applications because of their
optimized distribution of strength and weight compared with the uniform ones. Vibration analysis of beams with
variable properties has been receiving great interest from engineers and researchers for a long time. This paper
presents the way in which new shape functions are constructed and used for analyzing the free vibration of Ti-
moshenko beams with linear variation in height or width and various boundary conditions. Natural frequencies
from the present work are compared with those obtained by different formulation and approaches. The shape
functions in the paper are derived for a solid rectangular beam with linearly taper changing in its sectional dimen-
sions. With the aid of the consistently derived shape functions in the finite element calculation, the solution of
vibration problems with the least number of elements can be evaluated with high accuracy. A detailed example
is presented and compared with a reference work to illustrate the accuracy and computational efficiency for vi-
bration analysis of linearly tapered Timoshenko beams.

Key words: Free Vibration, Natural Frequency, Tapered Beam, Shape Function, FEM, Timoshenko Beam

1. INTRODUCTION

Tapered beam elements are of great importance in a broad range of structural applications because of their opti-
mized distribution of strength and weight compared with the uniform ones. Vibration analysis of beams with vari-
able properties has been receiving great interest from engineers and researchers for a long time. This paper presents
the way in which new shape functions are constructed and used for analyzing the free vibration of Timoshenko
beams with linear variation in height and different boundary conditions. Natural frequencies in the work are com-
pared with those obtained by various formulations.

Numerous investigations on vibration analysis of non-uniform beam have been published. Lee!’ and his co-work-
ers presented a closed-form solution for the free and forced vibration of non-uniform Bernoulli-Euler beam with gen-
eral elastically restrained boundary conditions. Tong?’ extended the step-reduction method to investigate free and
forced vibration of Timoshenko beams with arbitrary non-homogeneity and arbitrary variable cross-section. Based on
the classical conjugate beam principle, Aristizabal et al.®’ proposed an algorithm by which all the characteristic ma-
trices could be obtained in a coherent manner from the beam’s basic stiffness coefficients. With the aid of the derived
formulas, the author found great applicability in the static, stability and vibration analyzes of non-prismatic beams
and framed structures. Cleghorn et al.*’ constructed the shape functions from the homogenous solution of the govern-

5.6) showed the ex-

ing equations for static deflections for free vibration of tapered Timoshenko beams. The author To
plicit expressions for the element mass and stiffness matrices for vibration analysis of two higher order and linearly
tapered beam elements including shear deformation and rotary inertia. By taking into account of shear deformation

) and his co-workers presented two independent solutions (the optimized Rayleigh-

and rotary inertia, Gutierrez’
Ritz method and the finite element approach) to analyze vibration of Timoshenko beams with non-uniform thick-
ness. Mou®’ proposed an exact dynamic stiffness matrix for beams whose cross-sectional area and moment of inertia
vary in accordance with any two arbitrary real number powers. The method is exact; however, the accurate of the re-
sults has to depend on the solver used to solve the exact frequency equation. Using numerical integration based on
Gauss quadrature, Vu Quoc et al.?’ constructed the flexibility matrices of the tapered I-beam finite element with dif-

ferent slopes for the eigenvalue analyzes. Bayat et al.!”

presented a new implementation of the ancient method
named Max-Min Approach and Homotopy Perturbation Method for analysis of large amplitude free vibrations of ta-
pered beams.

In this paper, the analysis of free vibration of rectangular Timoshenko tapered beams is investigated by using

Received May 25, 2015
* Graduate School of Engineering Nihon University
% % Department of Architecture College of Engineering Nihon University
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the consistent new shape functions. Since the new shape functions were derived consistently from the Timoshenko
beam theory, vibration of a beam by using the least number of elements can be evaluated with high accuracy. Trinh et

al.'! presented detailed of formulations to construct shape functions for linearly tapered Timoshenko beam.

2. TIMOSHENKO BEAM THEORY
The axial and vertical displacements of an arbitrary point in a beam can be expressed by,

U(x,z) =u(x)—z0(x) (1)
W(x,z)=w(x) '

where Ulx, z) and W(x, z) are the global axial displacement and transverse displacement of an arbitrary point in a
beam; u(x), w(x) and @ (x) are the local axial displacement, transverse displacement and rotation of the arbitrary
point in the beam; (x, y, z) is the cartesian coordinate system where the x axis coincided with the neutral axis of the

beam.

From the theory of linear elasticity, the axial and shear strains of the point can be given by the following
equations.

& =u,—20 (2)
Ve=w, =0
The first order strain energy and kinetic energy for a tapered Timoshenko beam element can be given by,
1 . .
U= [ [ (Eg!+xGyL)ydadx (3a)
0 A(x)

:%j [ [E, ~20,)* +kG(w , ~0)" iddx
0 A(x)

= %.”:EA(X)Mi + EI(x)Hi + KGA(X)(WV _ 9)2:|dx

1
=[Flu,.w..0,0 )dx
0

=11 ] o+ wihidax N
0 A(x)
=lj. J. [p(“,r -20,)" + pw, JdAdx
2 0 A(x)

)

= %jl[pA(x)ui + pI(x)QZ, + pA(x)W_Z,]dx

1
:J.F(u,zﬂw,zﬂg,z)dx
0

where (.),x and (.),¢ represent differentiations with respect to coordinate x and time ¢, respectively; « is the shear cor-
rection factor, E and G are respectively the Young's and shear moduli; p is the density; A and I are respectively the
cross section area and moment of inertia vary in the x direction.

From the compatibility conditions, the following equations are hold.

0 OF
-———=0 4
0x Ou @
_O0OF

ox ow,,

oF _0oF _,
ow, 0x 00,

By using Eq. 3a and 4, the equilibrium equations in the transverse direction force and bending moment are
given by,
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0 ou

a(EA(x)a] -0, (5a)
6(KGA(x)(aW—9D ) , (5b)
ox ox
3( E[(x)%]+KGA(x)(6—W—€j =0 . (5¢)
ox Oox ox

The degrees of freedom of a two-node Timoshenko beam element shown in Fig. 1 are given as follow.

T

{u}z{u, uz}T, {w}:{w1 6w, 02} (6)

Z,Wg w;

&

X, u
0, ’
Fig.1 Beam element degree of freedom

2. 1 Formulation of tapered beam shape functions

Fig. 2 shows a linearly tapered beam with its cross section varying continuously along its length.

Fig.2 Linearly tapered beam cross section

Linear equations used to vary the width, and height of the beam can be given as follow.

b(x):(m*'ﬂxﬂj"'ﬂx , 0<x<I (7a)
L L
h(x)=(p+%xﬁ)+%x ., 0<x<l 7b)

Parameters a and [ are two linear rate of changes in width and height at the beginning and the end of the beam.
[ is the elemental length of the beam while L is the total length of the beam in global coordinate. The x;; and x are
distances in the elemental and global coordinates of the beam, respectively.

3. SHAPE FUNCTION FOR TAPERED TIMOSHENKO BEAM

The second order shape functions for the axial displacement of the Timoshenko beam can be given as

U
u(x) :[Nul Nuz]{u } 8

The axial displacement shape functions'” and its 2% order derivatives (k=0,1,2) of the linear tapered Timosh-
enko beam varying in height or width can be provided in a series form as

e (2]
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k 2 2 ) (j—k)
L= LR, (fj : (9b)
dx al Z= | (j-k)! L

where a is a constant defined from taper coefficients (for a uniform sectionn=0;q=0; a =2m?p?), and R,; is the

axial shape function coefficient corresponding to the i node and the j* degree of freedom.
Similarly, the shape functions'” for transverse displacement and rotation of the beam and their derivatives can

be defined as followed:

iiRw [zj , (10a)

dk 1 j' x (j=k)
—(N,,)= —R .| =
(V) yLkZZ TG ( LJ : (10b)

1 &2 X J
N -I3 R, (Zj , (11a)
i=l j=k
dk 1 & j' X (j=k) ( )
N,)=—-0 —_R, | = . 11b
a Nor) yLkZ,:ZA: (G —hk)! QU(L)

where 7 is a constant defined from taper coefficients (for a uniform section n=0;q¢=0; y =12(1+ ¢ )m®p?), Ruij
and Ry; are respectively the transverse and rotation shape function coefficients corresponding to the i node and the

j™ degree of freedom.
4. FREE VIBRATION OF TIMOSHENKO BEAM

By applying the principle of stationary total energy to Eqs. 3a -3b and substituting the derivative shape func-
tions from Eq. 9b, Eq.10b and Eq.11b, the following discrete beam element stiffness equations can be obtained in a

matrix forms as
MD+KD=F, (12)
where K and M are the stiffness matrix and mass matrix of the beam, respectively; F,, is the external nodal load vec-

tor. In the free vibration analysis, the right-hand side of the Eq.12 is set to zero and a harmonic response, D =D sin

wt is assumed so that the Eq.12 deduced to an eigenvalue problem as

(K-@*M)D=0 (13)
C VL] Treaw o o [N..]
K=[" [N,] 0 EI(x) 0 [N, ] e

_|:vax:| -N, 0 0 xGA(x) [vax] -N,

T Tpae o 07([N]
M=[ NI |0 pdx) 0 [N,]pdx
;] L0 0 pl(x)]|[N,]

where w is the circular frequency and D is the vibration amplitude.
5. NUMERICAL RESULTS

5.1 Clamped-Free Tapered Timoshenko Beam

Considering a Clamped-Free beam in Fig. 3- a) with r2=Io/(A0L2)=0.08, m=0.5, p=0.3, L=25p / 4v3 ,E/
Kk G=3.059, k =2/3 made of steel (E=210 GPa, p =7850 kg / m*). Non-dimensional frequencies of the beam that is
defined as u = wvpAoL*/ (Elo) with different values of taper ratios a and f are listed in Table 1 in comparison
with that of Attarnejad et al.'?. From Table 1, the results of non-dimensional frequencies in Clamped-Free tapered
example, the present formulation is in a good agreement with that of the results reported by Attarnejad et al.'”. In

both formulations, four elemental divisions for the beam were employed to obtain the results.
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5. 2 Clamped-Clamped Tapered Timoshenko Beam

In order to illustrate the accuracy and computational efficiency in analyzing the vibration of tapered beams, two
following examples are presented and compared with the results shown in the reference’. The following data of ta-
pered Timoshenko beams are employed in both examples: E=210 GPa, G=80 GPa, p =7800 kg / m®, m=p=2.54 cm, a
=0, B=-0.5,k=0.667, L=25. 4 cm, A0=6.45 cm? A1=0.5A0 cm® In which, Ao and A1 are the cross-sectional areas
at the left end and the right end of the beam, respectively.

As the first example, considering a Clamped-Clamped tapered beam shown in Fig. 3- b). For comparison, the
first five natural frequencies of the present formulation and the results by Cleghorn'® are listed in Table 2 by vary-
ing the number of element division nELE. The result shows a superior rate of convergence of the natural frequency of
the present formulation. From Table 2, the results of the first five natural frequencies of the present formulation give

better results compared to the results by Cleghorn'”

. Furthermore, with only six elemental divisions, the present for-
mulation show faster convergences results compared to twelve elements required by the results of Cleghorn'®. Table

3 shows the corresponding mode shapes of the tapered Timoshenko beam of two, seven and twelve element divisions.

5. 3 Various Boundary Conditions of Tapered Timoshenko Beam

Let consider a tapered beam in Fig. 3-a), b), ¢) with r2=I/(A¢L2)=0. 01, m=0.05, p=0.3, « =0,L=5p /V/3 ,E
/k G=3.12, k =2/ 3 made of steel (E=210 GPa, p =7850 kg / m?) under various boundary conditions (Clamped-Free,
Clamped-Clamped, and Clamped-Pinned). The cross-session is rectangular with constant width and linear-varying
height. Non-dimensional frequencies of the beam that is defined as u = wvpAoL*/ (Elo) with two height ratio val-
ues (0and —0.2) are showed in Table 3 in comparison with that of Attarnejad et al.'?’. From Table 4 , the results of
non-dimensional frequencies of the present formulation give lower convergence results under various boundary con-
ditions compared to the results by Attarnejad et al.'?. In both formulations, four elemental divisions for the beam

were employed to obtain the results.

-

a) Clamped—Free (C-F)
g

b) Clamped—Clamped (C-C)
]

c¢) Clamped—Pinned (C-P)

Fig.3 Various boundary conditions of tapered beams



12

J. Coll. Eng. Nihon Univ. 57(1), September, 2015

Table 1 Non-dimensional natural frequencies of Clamped-Free tapered Timoshenko beam
a=20.0 a=-0.4 a=-0.6 a=-0.8

F Present Attarnejad'? Present Attarnejad'? Present Attarnejad'? Present Attarnejad'?
0.0 Hi 3.3241 3.3240 39112 3.8605 4.4307 4.2883 5.0656 5.0062
u:2 16.2941 16.2889 17.2282 17.1270 18.0116 17.7867 19.0341 18.9024

U3 36.7734 36.7073 37.5315 37.3608 38.2154 37.9216 39.0645 38.9849

Ha 58.5389 58.2778 59.3135 58.8777 60.0091 59.4326 61.0089 60.5467

-0.2 Hi 3.4343 3.4247 4.0254 3.9544 4.5492 4.3953 5.1944 5.1198
)72} 15.8588 15.8905 16.7347 16.6816 17.4810 17.3110 18.4642 18.3917

U3 35.3910 35.4301 36.1100 36.0704 36.7707 36.6141 38.0050 37.6454

Ha 57.0774 56.8910 57.7212 57.4552 58.3519 57.9630 59.1035 58.9814

-0.4 Hi 3.5881 3.5605 4.1840 4.0941 4.7127 4.5386 5.2870 5.2703
u:z 15.2551 15.3528 16.0752 16.0970 16.7846 16.6961 17.8902 17.7423

U3 33.5437 33.7876 34.2514 34.4189 34.8942 34.9495 35.9609 35.9542

Ha 54.6209 54.7561 55.2431 55.3024 55.8352 55.7815 56.7765 56.7371

-0.6 M1 3.8299 3.7623 4.4327 4.3011 4.9670 4.7498 5.5329 5.4887
)72} 14.4462 14.6448 15.2098 15.3418 15.8822 15.9106 17.0885 16.9223

H3 31.0385 31.6239 31.7372 32.2486 32.3656 32.7688 33.8003 33.7509

Ha 50.8914 51.6225 51.5114 52.1660 52.0846 52.6309 53.5682 53.5473

-0.8 Hi 4.2137 4.1177 4.6301 4.6655 5.0703 5.1194 5.8328 5.8629
u:z 13.7675 13.7574 14.1723 14.4055 14.8087 14.9439 159182 15.9229

U3 28.6360 28.6360 29.1165 29.2519 29.3482 29.7625 30.7144 30.7255

Ha 46.8186 46.8289 47.4496 47.3811 47.7198 47.8432 48.7358 48.7392
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Table 2 Natural frequencies of a Clamped-Clamped tapered Timoshenko beam

nELE W w2 w3 (o] s
Cleghorn'? 0.93856E+04 0.34163E+05
’ Present 0.95200E+04 | 0.25770E+05
Cleghorn™ 0.92332E+04 0.25050E+05 0.59150E+05 0.11991E+06
’ Present 0.94300E+04 0.25260E+05 0.48360E+05 0.74550E+05
Cleghorn' 0.91972E+04 0.24561E+05 0.47191E+05 0.91471E+05 0.15040E+06
! Present 0.92700E+04 0.24390E+05 0.45380E+05 0.71120E+05 0.10098E+06
Cleghorn™ 0.91845E+04 0.24359E+05 0.46219E+05 0.74565E+05 0.12980E+06
’ Present 0.92000E+04 0.24200E+05 0.44900E+05 0.69900E+05 0.98400E+05
Cleghorn' 0.91788E+04 0.24261E+05 0.45701E+05 0.72990E+05 0.10616E+06
’ Present 0.92000E+04 0.24200E+05 0.44900E+05 0.69900E+05 0.98400E+05
Cleghorn'? 0.91758E+04 0.24208E+05 0.45389E+05 0.72051E+05 0.10389E+06
! Present 0.92000E+04 0.24200E+05 0.44900E+05 0.69900E+05 0.98400E+05
Cleghorn™ 0.91740E+04 0.24176E+05 0.45195E+05 0.71395E+05 0.10248E+06
' Present 0.92000E+04 0.24200E+05 0.44900E+05 0.69900E+05 0.98400E+05
Cleghorn'? 0.91728E+04 0.24155E+05 0.45067E+05 0.70944E+05 0.10138E+06
’ Present 0.92000E+04 0.24200E+05 0.44900E+05 0.69900E+05 0.98400E+05
Cleghorn™ 0.91720E+04 0.24141E+05 0.44979E+05 0.70628E+05 0.10057E+06
. Present 0.92000E+04 0.24200E+05 0.44900E+05 0.69900E+05 0.98400E+05
Cleghorn' 0.91714E+04 0.24131E+05 0.44916E+05 0.70398E+05 0.99963E+05
. Present 0.92000E+04 0.24200E+05 0.44900E+05 0.69900E+05 0.98400E+05
Cleghorn™ 0.91710E+04 0.24123E+05 0.44869E+05 0.70226E+05 0.99506E+05
. Present 0.92000E+04 0.24200E+05 0.44900E+05 0.69900E+05 0.98400E+05
Table 3 Mode shapes of two, seven and twelve divisions Clamped-Clamped tapered Timoshenko beam
nELE [2)] w2 w3 wy ws
0.95200E+04 0.25770E+05
2 \/
SRS S
0.92000E+04 0.24200E+05 0.44900E+05 0.69900E+05 0.98400E+05
0.92000E+04 0.24200E+05 0.44900E+05 0.69900E+05 0.98400E+05

(

TN

VA

VAVA

VAVAV
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Table 4 Non-dimensional natural frequencies of tapered Timoshenko beams with various boundary conditions

Boundary

4 Condition # " w e "
0 C-F Present 3.22720 14.47780 31.50240 48.19680 62.87280
Attarnejad'? 3.22713 14.46893 31.50254 47.90902 62.34702
C-P Present 11.08680 27.17590 45.11830 59.44520 63.59720
Attarnejad'? 11.08250 27.11438 44.84353 59.20303 63.33950
c-C Present 13.83890 28.58680 45.95580 61.42410 68.86960
Attarnejad'? 13.83476 28.51793 45.66595 61.86205 68.28361
-0.2 C-F Present 3.34530 14.32890 30.91900 48.13030 65.05240
Attarnejad'? 3.33065 14.28921 30.71080 47.75021 64.99695
C-P Present 10.75020 26.31190 44.03880 62.05360 68.56940
Attarnejad'? 10.68689 26.10717 43.59072 61.65596 68.42075
c-C Present 13.31860 27.95770 45.12020 61.90550 72.36990
Attarnejad'? 13.22227 27.77822 44.69713 61.80658 72.55473

6. CONCLUSIONS

In the present work, consistent formulation of shape functions for the linearly varying width and height of a Ti-

henko beam section were derived based on the minimum total potential energy principle. By using the derived

shape functions, in the finite element formulations, the solution of vibration problems with the least number of ele-

ments can approximate the results with high accuracy.
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ON DAMAGE AND RESTORATION OF HISTORICAL BUILDINGS

IN FUKUSHIMA PREFECTURE:
AFTER GREAT EAST JAPAN EARTHQUAKE

Kiyotaka Hayamr*

Abstract

This paper is a report about actual condition of damage and restoration of historical buildings in Fu-
kushima prefecture after Great East Japan Earthquake. As a result of 1,119 building research, damages are
not critical since 90% historical buildings in Fukushima prefecture are wooden. However, over 400 buildings
still need to be restored. There was a peak of restoration in 2011, yet over half of the buildings have not been
restored. There is a view from classification of cultural properties, affecting restoration of registered cultural
property to be delayed.

Key words: Great East Japan Earthquake, Fukushima prefecture, Historical Building, Damage, Building restoration
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Study on seismic retrofitting method of RC structure building
with steel roof

Kenji SHimMizu*, Takumi HiBINO** and Kazushige ASART™**

Abstract

From The 2011 off the Pacific coast of Tohoku Earthquake damage of RC concrete building with steel
roof, a new damage has surfaced. Therefore, we were subjected to elastic-plastic response analysis of this
building. Then, a new seismic retrofitting methods have been proposed. As a result, when the sectional area
of the roof brace is increased, the reinforcing effect is not changed even just the outer peripheral. At that time,
the cross-sectional area is required about twice. In order to reduce damage to the roof joint, knee brace re-
inforcement is effective. This reinforcing method can reduce or omit the anchor bolts.
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1. & U &I

B TR E (2011) 0%, ER#MEIC X
LELVENSPHARENOWTIIBWTLREIN ) DT
ERIRLTe COMBEICL ) KM CTHEW IS K EZ
ZUF BIEE KBCE -2 0 R BIC LS Y, F 2,5
ERROIEGEA/NS LT, BT REEMBEL LUK
HHETICRFSN D NI M OBEIC L ) HHTE
Bl o IRBEY L EDOTEV, ZO720, AApMEHET
ERBREEFHESHB SN, THERICI VTS
AF = — TR SN CEEEEDS - 720 Lz,

BARMAEIIBWTIE, TAVEF—ERmime 25
L) RTHeEDiA v 7 7 BElik % SERTH T
DNBESELIENEDLOTEETH), ThrnbEEN
FELZ OB TTHE, ZOL )RR > 7
SRR I1Z 2N E T E OB EMEREDE R &,

PERED AED I L TIEMR THEAITON TV D2,

HkAEAR 8 O BRI TR T L R TH 5o

AR THRET B4 > 7 7 @R, DD 72
OIZRE RWERZEB LB L 5 ), UK RC &I 88 1B
BRI L %2560 % v, ZORROEY IRERER)S
B, INFTTHI - MRS b #d SN e h o 7278
ARIOMFEIZ X ) BRSFFRRMAAE - B2 EOBRG %

CIE SN TV 2 FHZEMRSRRT O T > 7 ) — Mk,

WXELNYIVOTE, 7 oh—FR) s OMHIIH7- e kE
ELTHEAEN TV, BRREXOEE, HETERREICE

WTHMA RC L S B BRD TN ENHILISREFT S D 720,

WA ORGERH AT CORFAZ L E TR+ TH -

FR2T4E 5 H30H s Bl
* AR e R i e g
o FAROK S T SRR

SHIVEIREY T, R SCRRE

7Rt H B

AFHLCTIE, MEERIRDT D72 g4k RC k5 EEAR
EREW R E LT, MEMESREMRGLL, RO
FRIK D720 DHR T EZRRT B2 L2 HWE T b €
Z O REY O EIBVEIREN AT 2 4TV, A RAT (2 O
SRR, BRI 7 L — A O R E AR RIS R B R
AR THIZEE L CORBOW RElES L OHEFIEIZB L C
B 211 o720 & HIZEMRSHHTOBEGRIXD 72012 T
Hish 247 > 72 B OHENEIC OV TGN %,

2. BB &

2.1 BEYMHE

RIFFECTxtg e+ 2 BED 1 BERERED, Yol 1) Bk
2. 112, 2 gk, BRERGIR A 2. 277 L, Xo
Y REEH 2 X 2. 312, FEEAWmEZE2. 1I1IRT,
HEREAEIZ19704E8 T, X H1M15m, Y H2lm, % S14. 2m
DHERC &, SBEREBEAOBETH 2, 2 BRI
X0-X1[, X4-X5MDARTHY, FHLIIHIHEZRIHA
D7zODRKEBRWRIRZEM & 72> Tnbh, X HIMD 2 LI E
W ZAXTIREREDSAEAE T, Yol b, Ysali D) (2IEHMEE ALC Wi
B DEBEEORE L oTVWD, ZDXHIZ, HLE
W37 <, Xol ), Xs@ 0 I2H D 2, SHOFIEX )
I LT E 2o TV B S 5122, 3 B TR A
LU, BERLMIETH L, Y B EENS A
L, MR E LT\ b 720, S0 FE 2 wmid X
MOHZEFGRE L TWD, BIRIZT ¥ 7 WHIC & 575
kS AHRCHBEERIZT ¥ A —FKNV FTHERESN TS,
KGRI B TH b oS T Al ikitE
ToTWh, MimMEM2. 412, Witz 2. 2108
Fo Yo, Ysall D IIAVEER L L2BRIC, MRIED LAEEHT
HLTEHE 7L —RAICL ) EELHERT 2 L B2, &



26 HARKA T Al
W7 L — A28 L CHMEL B, M EogEZ <
kb L7 T2 YHHTREORIINC X 2H0OF AW
W Z B 72O BOMZEE 1 220HT-> T\ b, EIRLE
HOT > h—KN MIHERA 4 -22¢, fHREIT12-22¢
~14-22¢ TH 5o

RFIRD 2 KBWIC L B IsfEz 2. 31IRT. &b,

R ORE TS ZH BRI Iso =0.6Td 5o Him X
Hix 2, 3KTIso =0.6% THY, SWTEbOT/HE
HIsfHE o Twb, INHIE, A ER LU SD 1B1E
ANS W20 Tdh %, SDRERIENEIC & 25T, A=,
RLEIZE D Fe, Fs OB THRBIN TS, ORI
AR OFEITARU TR & A8 L 72T OfE R & 0 kKo
LNTHY, HEOHIELZEEL TWoh, 20 &) 12Kk
IR ERE L 2w ORI R ERICLY, A
WHiEZREE o> CLEH 2 D5, REDKRTIED 5D
RE L7z,

MBI NS D WE SN, FETIs = Is0=0.6L %>

> [ 5. ‘_‘F;OOO Y5 i i H i H H RE
&, | ” Y, L 50
3F
T o — Y3 3b50
[< 13200 v .
[ ool 2 EEIEH
I Y| = = ||B=] s

F5 IOP%J; O s h10d
8150 | 5000 | |2 P —)

| { 100

XO Xl XZ X1X4 XS

2.1 1FEBEERI - Yoa 1) sl
Y Y
<7 W s s
500 5000
= e — Y, ANE Y,
— 5000 5000
L | | Y3 Y3
3200
E IETI o
I 1S Rl B 3200
= =j.\x/{460 460 !
| N v \:-4/ 1y
830 2100 0 350  A1ob 0
B15 5000| P90 L154 5000 ‘90(}}
Xp X X, Xy X, X X, X, X, XX, X,
2.2 2BEMSIREA - ARG IR
R A N AN RN P i N Pt v
=S o
5450
— — 3F
=7 =< [=<C q ® ®| 3350
] — 2F
ﬁ = » 5200
TLC > N IF

| 4600 | 32003200 5000 | 5000 |

T T T T T 1
Yo Y, Y, ;3 Y, Ys
2.3 Xo# b RghHA X

§57% #5175 September,

2015

720 Y JTIIHHRAT% TR & b Iso=0. 6% /2 L T\
%o

2.2 BMAEBE

2. 5ICHB RO E T IV E RS 3 IRTCHIIENEIR
BT 21T 2o C, HMITT T & L, TiERE
WBEET L A Y MEIZEIDETFT VL L, BIR N T Z1Z LT
PR & (R TRT O AR EBAA (R L, AR TG E S S
AL, TEHERELIAT) VI EETER L. F
7o, HEIIHAM O ED, £4 ORI EERE L CEHE
FUZIANT TR Y T 72 i deh B & L7ce AJJHR IR,
EL CENTRO NS (1940), TAFT EW (1952), /\ = EW
(1968) B & O HUAL L A P 12 K-NET (2 & D #]
WS EW (2011) & L7zo MIEREE DR AMHEIZ L X

#2.1 FEEHMY AR
Xo, Xsid Xo, Xsit Xo, Xsith .
BE Yo(Ys)ih Yo, Yl Y. Vil X Xl
A 800x600 800x600 800%600
10—D25 10—D25 10—D25
oF 1100x600 1100x600 1100x600
24(18)—D25 26—D25 20—D25
IF 1100x600 1100x600 1100x600 600x600
28(22) —D25 34—D25 28—D25 18—D25
HOOP | DI3@100, 150 | D13@100, 150 | D13@100, 150 | D10@100, 150
w18 2 T DI0@200 % JJL
W20 El=| D10@250 % JJL
BHREIL—R L— 75x75%9

B2, 4 #isEM (Yo@msiiie - EARMSIRIN)
R2.2 FBREA YA B

G FER AR
(=3 [1—250%x250x12%36
MR -8 L—X H—200x200x8x12
BHEEmIL—XRO 2L.—90%x90%13
BEEmIL—XA L—90x90x13
7 HA—RIL ~ M22

s | | I |

M2.5 WNREREEETIVH



e BRI RC EEE O MR 1B 5 2 7t 27

V2 A= K% L, b0kine (23EHEAL % 1T o 720 BRI EW (&
MEFZISE A X7 DV OSBRI NS % 212 L
bl o 727208 L 720 AT NI EAHiTR 21T o 72 X J71A]
DIH:E L, FEHTIZIE SNAP Ver. 6 & fliH L7z, fEHT 4134
JEAT % Case 0, filiifa% Casel & L7z

3. METHEIIR DRG]

LREFENZES. LIRS HES RC ETH ) ER
DG TER TIEH 205, WHETO X NI & )ik
OFEZL) % RCEL D S EVEGRINE 2572,
TR TIE 7T L — A X BIMED ERO720, HiEETOHY
409% VBRI L 720

WA A BT DI AT ORKEZX 3. 1,6
ERMATAORRMEXIX 3. 21R-T . BEAW T,
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BT T 5L Case 0 T2, 3MIEH T Y =D 7% L,
1ok EEIOIIZ]. 9ffL o7 72, Casel
2BV TIEEBIL EW 25l 3 a2 K& < LY, k&
ADITIE 1 BETA THE, 2 B TIE5. 1, 3R TR 9 &
KERISERZR L0 SIUTHIEE TIXEA B2 E <
o 72728, TG OR S WEIIL EW TIGZE 2550
L7272 ThbeEZOLND,

JEMZETATIE Case 0 D 3N E LD TREWHE IR
LTWa, ZHUIMTHOMNVETE 2 BIRM T 52 &
BHRT, REICERESBRE ko770 Th b, 3
BT L HcKRAEIX Case 0 T 1 /44, Casel Tlix1/239& 7
D, fiE7 L —ADORRTERIBA L2 L3bhb,

Case 1 DILEH AW 72 & NI E BT A O RK
EIZENILEWIZE 25D TH L 720, DAL EW % A
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<, REBERZRLTED, Mo TOARBALRIEES
L OHHEEN 5N 5, Case 1 Tld 1 Brow AWK
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4.1 EBHREIL—IARE/NNZ—>
TV —AREZM4. LIZHMIHZE 4. 11RT. 7
L — ABL#E/ N — 1L, LHifims Casel & L, Casel
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Case2A - Y1-Y2, Y3-Y4#Y)DX2-X3:# [H
DT L — A% HIKk
Case2B - Y1-Y2:@0DMH, Y3-Y4:@Y D2 AN
VDT L — R T CHIER
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F4.2 BRETL—ZAOLEIH
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Y3-Y4 1.231 0.820 0.000 0.410
Y2-Y3 1.466 1.466 1.466 0.489
Y1-Y2 1.804 1.203 0.000 0.601
YO0-Y1 1.433 1.433 1.433 1.433
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@ G _ T

8t | CCDA |+ AT /)| Case 1 |Case 2C|Case 3A|Case 3B|Case 3C
YO X |238.0237.8| 3512 |1489.8|1239.0| 410.8 | 407.6 | 300.8
Y1| X 123803552 3512 | 161.1 | 158.2 | 321.5 | 323.1 | 3074
X0 Y2| X 123803552 3512 | 869 | 744 | 360.3 | 377.5 | 324.0
Y3| X |238.0(3552| 3512 | 123.5| 102.0 | 408.5 | 427.7 | 3349
Y4| X |238.0(3552] 3512 | 2503 | 214.7 | 401.6 | 403.5 | 348.3
YS| X |238.0237.8] 3512 |1398.6]1230.6| 406.6 | 404.7 | 302.9
YO| X |238.0237.8| 3512 |1448.0|1239.1| 398.2 | 397.1 | 301.2
Y1| X |238.0|3552| 3512 | 1882 | 161.8 | 320.3 | 322.6 | 309.9
Y2| X |238.0(3552] 3512 | 884 | 80.7 | 365.2 | 386.4 | 316.5
% Y3| X 123803552 3512 | 96.5 | 100.8 | 402.4 | 426.6 | 348.8
Y4| X 123803552 3512 | 213.5| 182.8 | 3954 | 392.6 | 355.9
Y5| X |238.0(237.8| 3512 |1452.3|1235.1| 399.7 | 399.4 | 300.2
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Ant Colony Optimization by Innovating Concept of Bi-directional
Evolutionary Structural Optimization
— Application in Truss Structure Problem —

Takahiro HARA* and Buntara S. GAN**

Abstract

Structural optimization is receiving attention in structural engineering because computer technology has
been developed recently. However, because the problems have a large size of the search space, huge number
of design constraints and a large number of design variables, are hard to solve a global optimal solution in rea-
sonable time. In this view, heuristics optimization algorithm that doesn’t solve a global optimal solution but
near optimal solutions is studied in the recent decade. Ant Colony Optimization (ACO) is one of among algo-
rithms in the method. ACO is an algorithm that is imitated the behavior of ants in nature. However, because
this algorithm is not suitable for solving structural optimization, hence it is necessary to make improvements
for solving the structural problems more efficient. In this paper, the innovation is adopted based on the concept
of Bi-directional Evolutionary Structural Optimization (BESO) for improving the ACO. The proposed method,
ACO by using the innovating concept of BESO is verified by several optimization examples of truss structure
problems to show the effectiveness of the method.

Key words :Ant Colony Optimization, Bi-directional Evolutionary Structural Optimization, Truss Structure,

Structural Optimization
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HFIGREDS S %% EORE NS, AR — 2 OFFRE I
23D O TIE, BIFEM IR CRBM 2 ko 5 2 &8
WEEIZ % 220 2 EHHBNT W5,

COXH REEICH L, EET VT XL (Genetic
Algorithm, GA) 1'%, ¥ 77—+ —F (Tabu Search, TS)2 ¥,
Yialb—7v F-7=—1 7 (Simulated Annealing,
SA)?) %z 2—1) A5 1 7 A (Heuristics) 12 & 5/
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ESO) W %, BU7mse bR SR # ki (Bi-directional
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2. ANT COLONY OPTIMIZATION
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T 5
2. WO OB ORER 2 FEINIEDS W THRET 5,
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3.1 HEIIKLT, 7rxuEyEba—) ATy
7 RABHUEE D W TSR 2 DO EIR 24T 9 o
3.2 FEHIRRIIEZT7uECEEET S,
3.3 JxUEVOEHEITI.
4. Lo EbBIED B WO A TIT 5,

[__Input Data |

| Initialize Pheromone |

[ Making Initial Random Trail |

Updating Trail

| Updating Pheromone |

No

Iterative
Condition is
satisfied

Fig.1 Flowchart of Ant Colony Optimization
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3. WAHEELREERE(LE (BESO)

3.1 mBEIE7NIVXL

BESO &, 19994E1Z Yang 52 12 L D iRE SN 20D
FUL, AELEZOHIRE, LELEZOMNIMNZ D K
TIET, FENGHEERELRETLITETH 5,

3.2 B (Sensitivity number)

BUEH (Sensitivity number) 1%, ZEZE ORI O HIF
ZATHBEO, RO L Th D, Sensitivity Number 13,
FEM AT 12 & 0 55 7z, S oIe )1 P8 AN 7 & D 1F
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k
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2, Crli ATy TRICBITA i FHEHOEKM D Sen-
sitivity Number, o *: A7 v T R IZBIT 5% i & H O D
ISTT, O rarger * T DO BB ET 55

3.3 BESO ®O#ih
Fig. 212 BESO ® 7u—F ¥ — b %R BESO O 7 )V
TN ALEL T TH S,

1 PR E e L, ISt LT, MREHF IV *,
# b3 (Evolutionary Ratio) : ER & UMk KBINATE
oo ARmax T #XET Do

2 WTHEMEMHTETUTOMIAE D K,

2.1 FEM &4,

Define Design Domain, Loads,
Boundary Conditions and FE Mesh

Vv
| Define BESO Parameters :V* ER and ARmax
Vv

Carry out FEM and Calculate Element
Sensitivity Numbers

v
| Calculate Nodal Sensitivity Numbers |

| Filtering Sensitivity Numbers |

| Averaging Sensitivity Numbers |

No
| Calculate The Target Volume for The Next Design |

[ Construct A New Design |

s Volume
Constraint
atisfied?

Fig.2 Flowchart of Bi-directional Evolutionary
Structural Optimization
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5.2 FEM %479,
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Froft& Il ko nwTHE T %,

5.5 7xOECYOEFETI

6. I SN ERE BT %,

Input Data

| Initialize Pheromone |

[ Making Initial Random Trail |

Carry out FEM and Calculate
Element Sensitivity Numbers

Updating Trail

Carry out FEM and Calculate
Element Sensitivity Numbers

Updating Pheromone Based on
Element Sensitivity Numbers

Iterative
Condition is
satisfied

Fig. 3 Flowchart of ACO by Innovating Concept of BESO
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A%E1) (RAM) :4.00GB, ¥ AT LD 164 v A<
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5. FEMHIO-154F@E k5 X

5.1 BREFIVROEREE

FEMTEIOL LC, 154K M7 ADRBWTTH % KD 5,
OWFIEE DRI & T B 72012, BTt LT, #
FE#7,800kg / m®, LR EL A 200GPa, )] o Wy 1 &
750mm?, B % 5 UL, RR* V' OWIME RR %#0.2, A7 v
THEELO0E BE LT, F70, HEMEE LT, TSR
KIS % £120MPa, #F#EHAHFZN £ 10mm & 3058 L
7oo MEOIEHMEIL, Hifi4 (Py=—-35kN), Hiri6 (Py
= —35kN), Him 8 (Py=—235kN) & L7z, Table 11215
RFETE b T ADFN MR ORI, Fig. 4 (€7
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Table 1 Analysis condition and constraints of 15-bar
planar truss
Density 7.800kg/m’
Modulus of elasticity 200GPa
Maxmum stress +120MPa
Maximum displacement 10mm
Initial cross-sectional area 750mm?
Number of ants 5
Step 1,000
aq 2.0x10°
yd 5.0x10™*
@ 0.9
B 0.1
RR' 0.2
ER 1.0x10°

5080mm

3810mm

(O=0)
TTiT i

2540mm 2540mm 2540mm 2540mm

Fig.4 Geometry of a 15-bar planar truss
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Fig. 5 22O EMOE =D FALIZONT Y TIA4T
YADBEAREL o TBY, MT00RT v TTPOE L Tw
B EDTRAING . F72, AEHTTIIIPORE TITH 145
MPholze

Table 2 Comparison of optimal designs of the 15-bar
planar truss structure

Element area Present Zhangﬁ) pso'® psopc'® HPSO'®
A 113.20 mm?  308.60 mm?  185.90 mm?  113.20 mm?  113.20 mm?
A 113.20 mm?  174.90 mm?  113.20 mm?  113.20 mm?  113.20 mm?
As 113.20 mm?  338.20 mm?  143.20 mm?  113.20 mm?  113.20 mm?
Ay 113.20 mm?  143.20 mm?  113.20 mm?  113.20 mm?  113.20 mm?
As 736.70 mm?  736.70 mm?  736.70 mm?  736.70 mm?  736.70 mm?
As 113.20 mm?  185.90 mm?  143.20 mm?  113.20 mm?  113.20 mm?
A 113.20 mm?  265.90 mm?  113.20 mm?  113.20 mm?  113.20 mm?
Ag 736.70 mm? 507.60 mm?  736.70 mm?  736.70 mm?  736.70 mm?
Ag 11320 mm?  143.20 mm?  113.20 mm?  113.20 mm?  113.20 mm?
Ao 113.20 mm?  507.60 mm?  113.20 mm?  113.20 mm?  113.20 mm?
Ay 113.20 mm? 27910 mm?  113.20 mm?  113.20 mm?  113.20 mm?
Az 113.20 mm?  174.90 mm?  113.20 mm?  113.20 mm?  113.20 mm?
Ais 113.20 mm?  297.10 mm?  113.20 mm?  185.90 mm?  113.20 mm?
A 334.30 mm?  235.90 mm?®  334.30 mm® 334.30 mm® 334.30 mm’
Ass 334.30 mm?  265.90 mm®  334.30 mm®> 334.30 mm’  334.30 mm®

Weight  105.75 kg 142.13 kg 108.97 kg 108.97 kg 105.75 kg

400 250
350 | erTTTmrmmmTmTn .
200 &
300 LT z
- >
§n250 ___________________ — Weight 150 &
4&:0200 - --Compliance Energy LE
g 150 100 §
(=3
100 0 g
50 ©

0 0
0 200 400 600 800 1000

Step

Fig.5 History of the optimal compliance and weight
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IR RH 2R 0. 35 in (8. 89mm) & F&5E L 720
TEOVEHME L, #if 1 (Py =20kips (89kN), P, = —
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5 kips (—22kN)) & L7z, Table 3 \ZfENT MK ONHIHK
5t Fig. 6 IITET VAR T,

Table 3 Analysis conditions and constraints of 25-bar
spatial truss

Density 0.1 Ib/in®
(2,768kg/m®)
10,000 ksi
Modulus of elasticity St
(68.9GPa)
+40 ksi
Maxmum stress St
(+275.8MPa)
0.351
Maximum displacement om
(8.89mm)
a2
Initial cross-sectional area 6.0in )
(3,870mm?®)
Number of ants 5
Step 500
aq 2.0x10°
o 1.0x10%
a 0.9
8 0.1
RR’ 0.1
ER 5.0x10*
+z
f(x9050m“°
i 75in
W ]
m) 400
% 7 @00
u9050“‘“‘)

751N

5400w
@pa00m]

200 in

500mm)
(50800m™) ~ 0

S 200in

:“1)(

Fig.6 Geometry of a 25-bar spatial truss
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% Fig. 712587
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Table 4 Comparison of optimal designs of the 25-bar

spatial truss structure

Element area Present Wu angghow”) Lee anIc_llsGeemlg) I_II{;;EA}EZ

A 0.10 in® 0.40 in? 0.01 in® 0.01 in®
(64.52 mm?»  (258.07 mm? (6.45 mm?) (6.45 mm?)

Mg 2.10 in? 2.00 in? 2.00 in? 1.60 in®
? (1,354.85 mm?) (1,290.33 mm?  (1,290.33 mm?  (1,032.26 mm?)
A~ 3.60 in® ‘ 3.60 in® ‘ 3.60 in® ‘ 3.20 in® ‘
(2,322.59 mm? (2,322.59 mm?  (2,322.59 mm?  (2,064.53 mm?)

A~An 0.20 in? 0.01 in* 0.01 in? 0.01 in®
(129.03 mm?) (6.45 mm? (6.45 mm?) (6.45 mm?)

Ag~Ars 0.40 in® 0.01 in? 0.01 in? 0.01 in?
(258.07 mm?) (6.45 mm?) (6.45 mm?) (6.45 mm?)

A~An 0.20 in? 0.80 in? 0.80 in? 0.80 in?
(129.03 mm?  (516.13 mm?) (516.13 mm? (516.13 mm?)

A~ 1.90 in® 2.00 in® 1.60 in® 2.00 in®
(1,225.81 mm?) (1,290.33 mm?  (1,032.26 mm?  (1,290.33 mm?)

A A 0.10 in® 2.40 in? 2.40 in? 2.40 in®
2 (64.52 mm? (1,548.40 mm?)  (1,548.40 mm?  (1,548.40 mm?)

Weight 430.66 1b 592.50 1b 560.59 1b 551.61 Ib

(195.35 kg) (268.76 kg) (254.28 kg) (250.21 kg)

Table 5 Comparison of stresses of elementl4-17 and
element22-25

Element stress Present Wu anéghuwm Lee ansl(s}eemm) }II{;;Z%Z
-10.1ksi -2.5ksi -2.4ksi -2.8ksi
ou (-69.6MPa) (-17.4MPa) (-16.4MPa) (-19.1MPa)
4.5ksi 1.1ksi 1.0ksi 1.4ksi
%15 (30.8MPa) (7.8MPa) (6.9MPa) (9.6MPa)
4.5ksi 1.1ksi 1.0ksi 1.4ksi
%18 (30.8MPa) (7.8MPa) (6.9MPa) (9.6MPa)
-10.1ksi -2.5ksi -2.4ksi -2.8ksi
o (-69.6MPa) (-17.4MPa) (-16.4MPa) (-19.1MPa)
-7.3ksi -0.9ksi -1.1ksi -0.5ksi
022 (-49.8MPa) (-6.5MPa) (-7.5MPa) (-3.4MPa)
-3 2ksi -0.8ksi -0.5ksi “1.1ksi
023 (-21.8MPa) (-5.4MPa) (-3.6MPa) (-7.5MPa)
-7.3ksi -0.9ksi -1.1ksi -0.5ksi
02 (-49.8MPa) (-6.5MPa) (-7.5MPa) (-3.4MPa)
-3.2ksi -0.8ksi -0.5ksi -1.1ksi
o (-21.8MPa) (-5.4MPa) (-3.6MPa) (-7.5MPa)

Table 6 Comparison of axial forces of elementl4-17 and
element22-25

. Wu and Chow'”  Lee and Geem'® Kaveh'?
Element axial force Present aA HS HPSACO
N -2.0kips -2.0kips -1.9kips -2.2kips
" (-9.1kN) (-9.1kN) (-8.5kN) (-10.0kN)

N 0.9kips 0.9kips 0.8kips 1.1kips

» (4.0kN) (4.1kN) (3.6kN) (5.0kN)

N 0.9kips 0.9kips 0.8kips 1.1kips

16 (4.0kN) (4.1kN) (3.6kN) (5.0kN)

N -2.0kips -2.0kips -1.9kips -2.2kips

1 (-9.1kN) (-9.1kN) (-8.5kN) (-10.0kN)

N -0.7kips -2.3kips -2.6kips -1.2kips

= (-3.3kN) (-10.1kN) (-11.6kN) (-5.3kN)

N -0.3kips -1.9Kkips -1.2kips -2.6kips

2 (-1.5kN) (-8.5kN) (-5.5kN) (-11.7kN)

N -0.7kips -2.3kips -2.6kips -1.2kips

# (-3.3kN) (-10.1kN) (-11.6kN) (-5.3kN)

N -0.3kips -1.9kips -1.2kips -2.6kips

» (-1.5kN) (-8.5kN) (-5.5kN) (-11.7kN)
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Table 7 Comparison of node displacements of node 1 - 6

. Wu and Chow'” Lee and Geem'® Kaveh'?
Node displacement Present GA HS HPSACO

Nodel 0.34in 0.32in 0.34in 0.35in
ode (8.64mm) (8.13mm) (8.64mm) (8.89mm)

Node2 0.34in 0.32in 0.34in 0.35in
(8.64mm) (8.13mm) (8.64mm) (8.89mm)

Node3 0.26in 0.14in 0.16in 0.14in
(6.61mm) (3.56mm) (4.07mm) (3.56mm)

Noded 0.20in 0.11in 0.13in 0.11in
(5.08mm) (2.80mm) (3.31mm) (2.80mm)

Node5 0.26in 0.14in 0.16in 0.14in
(6.61mm) (3.56mm) (4.07mm) (3.56mm)

Node6 0.20in 0.11in 0.13in 0.11in
(5.08mm) (2.80mm) (3.31mm) (2.80mm)

Table 8 Constraints variables of the 25-bar spatial truss

structure
Constraints veriables Present Wu and Chow'” Lee and Geem'® Kaveh'®
ACO GA HS HPSACO
Maximum tensile stress 6.3ksi 6.3ksi 6.7ksi 7.8ksi
(43.5MPa)  (43.4MPa) (46.1MPa)  (53.8MPa)
Maximum complesive stress -10.1ksi -6.8ksi -7.4ksi -7.9ksi
P (-69.6MPa)  (-46.9MPa) (50.5MPa)  (-54.1MPa)
Mo o disol , 034 0.32in 0.34in 0.35in
AXIMUM NoAe CISpIacement @ 64 mm)  (8.13mm) ®.64mm)  (8.89mm)
1000 1800
900 voTTTTETTE I L 1600
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Fig.7 History of the optimal compliance and weight
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Reinforcement Detail of Beam Joint on Existing Steel Gymnasium

Takumi HiBiINO* and Kazushige ASARI*

Abstract

The many buildings that have been built in the new seismic design method previously, seismic perform-

ance is very low.

These buildings was severely damaged in the earthquake.

So seismic retrofitting

is required. The connection of the old steel frame buildings vulnerable, reinforcement is required. However,
details of the repair method is not been decided. An object of this study is the determination of the joint de-
tails. Parameter to consider is the weldability and the angle of the reinforcing plate. From this result, we de-
termined to 30 degrees the angle, be 40 mm the mounting position of the tab.

Key words: Seismic retrofitting, Beam joint, FEM analysis, Stress concentration
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Effects of Seismic Reinforcement in
Long and Slender Building Configuration
— Three-dimensional Vibration Characteristics in
One Directional Reinforcement Case —

Takumi HiBINO* and Masahiro CHIBA*

Abstract

There is no method established that can evaluate antiseismic reinforcement effects by measuring
a building directly. This paper is aimed to clarify the relation between three-dimensional behavior and seismic
reinforcement of the building which were performed by using multipoint microtremor measurements in long
and slender building configuration. The summary of measurement results of building with one-way brace re-

inforcement are shown below.

1 ) Displacement magnification factor in the direction of seismic strengthening was smaller than the pre-

vious reinforcement of the building.

2 ) The natural period of in the direction of seismic reinforcement became shorter than the previous rein-

forcement of the building.

3 ) Vibration mode is different after the seismic reinforcement.
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A STUDY ON THE EFFECTIVE USE OF CONVENIENCE STORE
PARKING IN PROVINCIAL CITIES

Atsuhiko HIROTA* and Kinsaku MIURA**

Abstract

This is a study on actual conditions of parking lots for convenience stores in provincial cities and their re-
lation in arrangement to primary safe shelters. The results of measurement and analysis using GIS have made
clear that the lot size of convenience stores is far larger than that of self-governing public halls used as safe
shelters and that the grounds of convenience stores can fully function as outdoor spaces of refuge complement-
ing safe shelters because they are often located midway between the shelters.
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Proposal and Evaluation of Stagnation Avoidance PSO

Fuminori KoBAYASHI*, Masato KANEKO** and Toshiya ITwAr**

Abstract

Particle swarm optimization (PSO) is one of meta-heuristics that can be applied to continuous optimiza-
tion problems such as minimization problems of function. Generally, meta-heuristics require both the global
search ability, which make particles explore the never visited regions of the search space, and the local search
ability, which make particles explore the already visited regions of the search space. Standard PSO often
causes particles to be trapped into local optimum, because it has high local search ability. Thus, various PSO
variants are proposed with the aim to incorporate the global search ability. However, the search efficiency of
the PSO variants change according to the difference in the type of functions. Therefore, it is important to de-
vise such a PSO variant that perform well for all types of functions. Based on Dynamical Multi Swarm PSO
(DMS-PSO), we propose Stagnation Avoidance PSO (SA-PSO) that adaptively incorporate both local and
global search abilities. When searching processes stagnate, SA-PSO enable global search particles to prevent
stagnation convergence into a local minimum and local search particles to exploit around regions where par-
ticles stagnate. By comparison with SA-PSO and various PSO variants, it is found that SA-PSO show high
search efficiency for minimization problems of benchmark functions irrespective of the types of the functions.

Key words:particle swarm optimization (PSO), continuous optimization problem, stagnation convergence, local

search, global search

i "

Particle Swarm Optimization (PSO) %, BB E/MEMED X 9 %@kl di{bEICEATE 5 2 ¥
La—YATFA 7 AD—DThHhb, ~MIIATL2—Y AT 17 ARETIE, TN TR WIEERZER
RIRTT D RIRIERRES) & BRI RE N 7 R % & S IR T 2 RFTHERENPLETH 5. HEHED PSO
FRFFRERE DD L, BRI 23\ FD720MEHED PSO IS KIBIEHR N Z WY AA K4 7%
PSO DYRMBZERZENT VS, L Lad 5, CWEM PSO XD ¥ 4 71X ) IR 2 5. 58>
T, WED 5 A4 TS THREERATES WU PSO 28T 5 Z L HPEETH S, 4 1E Dynamical
Multi Swarm-PSO (DMS-PSO) % F& (2RI 35 L ORI 2= REK 8T 2 @IS 191D 3A A 7245355 Il 3§ PSO %
’-ET 5o fFHrIEE PSO T, R ORI RIBIRER T2 & 0 WHIDOR % B E/FTRER T2 L 0 15
WAE DR EIT ) o XU F~— 7 HEOR/MEME CIRETE L MAT L L otz Ly,
FFEVPEBO Y 4 TS TECRENREFOZ L 2RT,

F—7— FRFRERoB G, SR LITE, FIHIIOR, RPTHRER, KRR

RN L, BN AR REZRZRE S IR ET S

T U eI RIHERREN LB TH D, Ll

Y B IE 22720,

ZDODhE

INTG VAL L TODEEN B EE

Fi) 12 X%, J. Kennedy & R. C. Eberhart 512 £ - T
RESNLHAREO—FETHY, BRAOBHNOIRD N
ERM LA 2= AT 1 7 ATHDH.PSO TITHM
BIEAYE R S NI RTCZE M A ML bV & RS
MV EFEOSHORTFA, A A L CRHBE O REED
WETHo —&IZ, PSO P TR A La—1) AT 1
7 2fRETIE, FEHN TR WIER M 2 ESRT 5 RIE

PI274E 5 J125H 2B
* HAKRF A LTI L2 5
SRS

52 EIFHE L v, D PSO ) IXRFTHEZEFE I AYE <
25 Wk B J5 > PR Kt i A L RE U R TR L2 g 1) %o -\ R
O TWh, TOLOKBEZREN I AA
CLPSO*’, DMS-PSO?%, StPSO% 7% & ff 4 7% PSO @
WBEIRPERENT WS, N5 DRI PSO 13k n
PSO £ ) BERVERENE VDS, BB 5 1 712 & ) BB
WE Do Bl 21X CLPSO I HIEMERI £ 12 I~ 16 B 45
THEZMERED S <, 512 DMS - PSO (£ MRS 4512 b~ B
WEVERI B CIERMERED R e F 72, StPSO X 25 121
5 & BN IROBRFNEE DS 5o BBOBEEPRNTH



68 HARRSTHE A% 55745 5175 September, 2015

BEBREALRIE 2 R 7201213, BEO Y A TS §
RSP EWILHNZ: PSO OBV TH 51U
X LT, WEROREISHEISG L T/8T A — % & HEAMICHHE
35 APSO" 8 L EOFEMREIN TV L, TNHOF
FCITER BRI BT DR T O 8 oL 1 0 734tk
BEARTIRED PO EROBREZHETE L, #7537 2 —
FEEBRETHIENTE, BOREEMEEZRL i,
LHL, 60554 TOMEIEHTE 2 ILHNZ2EER
BeBE e CHERERI S L 728 T A — S EOPLEIdEEL
WHETH 5,

ATF7E Tl Dynamical Multi Swarm PSO (LLF, DMS
-PSO LWERD) AT, ERERGE 7L T) X AL ) K
B L URIIHEZEET) % BIG A HL D A A 72455 ] PSO
RIRET L, — I HER O R IHREAN ORI &
HVIIEGEAENDOPRIC L o> THEL 5, # 2 TGk 7
VT XL TR, BEROEMFRI ISR T 12 X )
PR A B ¢ LIRS, BFMRER T2 & ) EHALE O JRPT
TEEIT) o 2O L) ITREFLETIIIIIRR & JRPTHRER
DONT Y ADQEEERHIRL, PRO Y- % BIGHICEET
AHFETHLH, 22T, MRU Y- LIIFEEICERET A
THRTEOBEMGREERT 5, XMaTld, REFED
ERMBE R WEE T 5 72012, N F<— 27 RO R/AMER
A AW TEFETSE (o PSSO, CLPSOY, DMS -
PSO°), StPSO%)) r OM:RELE 1T o

RO B 5, FF2ETIHRETHEOHRICRD
DMS - PSO & MDMS - PSO %A L, #RETHETH 518
a8 PSO & 34 % kIS 3 ETIEEBEERONE &
Fr bR, 4 FECHMEEROGR L B AR T RBEICHE
ThEmE R R5%,

2. {=imEE PSO DRE

F92. 18 TIE, REFEOREIZL > T2% DMS-
PSO & O —H B Td 5 MDMS - PSO O T % it
B3 %, DMS - PSO ZHtFEFE0&IC L-#HE, PSO,
StPSO % CLPSO |2 t-X DMS - PSO (3352 O )5 % TR,
RN E S ¥ CTRITHERERENI D BEVWFETH ), K
WFZe THRET B EBE T L T) XL 2 BINT 5 2 & THE
FUREN S T DL ER 720 TH b 2. 2H TIHIRETE
Td 55 e PSO OMEZE A HBI L, 2. 3H CRETFIL
THOTWAERFEET LV T) X823 L bR, 1%
T L % 5 DMS-PSO & MDMS - PSO ¢ i3 |2k}
JB L, S alEE PSO (2 I8 ol DMS - PSO & &4 [nl
# MDMS - PSO O —F#H25H 5, LT Tld, Z2O0fRE
FHEEAEDLE TREFHR LML, KAl$5 & XTI
]38 DMS - PSO % & % F: D L 48 [] 8 MDMS - PSO
FRETHEM EWERET 5o DT, BB OB/ IMERRE % 5112
AT 5,

2.1 DMS-PSO
DMS - PSO &3, Liang 512 & > TIREE N2 PSO D
YWERD—>THb, DMS-PSO 1, &k T2 807

V=TI EILT, 7V —TNTREHREIE L2 hs HHRE%
AT 2L TRMERIEN MY RALFETH S, HAL
ME o LT i BHRTOMRENY b o, BEN7 By
x; D d WIS O FFHR 2 R(1), CUIRT,

(t+) _ (1) (1) (1)
Via = =WV +CFy, (Pid —Xig)
(1) (1)
+TCo1 (ljd — X)) (1)
) _ (1) (t41)
Xig  =Xig TV (2)

2T, p i F BRSO S B E To
HE EoORELRENS ML (LUF, pbest & BERE) D4
d KT TH Y, 1,0 TR FTIC /=T jHNTHR
DU 7 R N2 by (DT, Ibest & B&RE) D4 d
KIS T b B, tRTIXiFERFIZTNV—T )
WCBLTWA, widl ATy THiOMEE %24 587 EE
AEHMTL EN/NSWEZ D, ¢, coldmAEHE ML
NHLOTHY, ZILENHT A pbest X lbest A5
IETENOEENERT w0 1wl [0, 1] Oftix
W5 —#EETH 5. DMS-PSO Tld, FhFiz—>20D
TNV—=TIEL, HTN—T DX =k —EBIZEE
Tho TR TNV — TOMEZ (FF27 )V — 71b)
1190 SOOIV —TILOB, Kk O - HEB L
U pbest IZPREES L2 25, best 12H77-7% 7V — 7 CTHEHE
ENMbo, 41T )LD DMS-PSO Tld, HEHOKETH
FHEZ %17 ) 720D PSONT VI AL #8032
bo Thbb, HERHETRLOHEEDTHAICBIT S
Ibest % 440 T-® pbest D DHE AR E N7 MLV (LLUF,
ghest EWEED) ICEH L, &7V —T%—2D 7 )V —TF|Z
BET 5,20 X HIZDMS-PSO X7 Vv — 7 & &%
ET LI ETREHERLFEIL, HIV— 7ML b7
N— TR COREHSCHE @ L TR TR Tw-o {1 & IFEHR
FIEE S 5D, fit>TDMS-PSO i, PSO & l~FATE
BEEINS %05, FRIBIEZRFETIIEN TS, PSO DR
X2 RAHEREN 2% 25 &, PSO X 1) DMS -PSO O JF
WZODOBERIENENT v AR FEHEL TV D,

KIZ, DMS - PSO % —#tL B L 72 Modified DMS - PSO
(LIF, MDMS - PSO L B5EL) %33 5. MDMS - PSO
iZ, DMS - PSO O #EH#H (1) D lbest & 7 )V — 7' X »
N—DOBEDORBMEICESIEZ /2T VT) AL TH S,
#t>C, DMS-PSO 28T 5 Ibest D B%ME & Lk L T
MDMS - PSO 12513 % lbest D EHfE XK & 7 iE % % 0T
RS <, —f% 6912 MDMS - PSO i DMS - PSO £ 1
S KIHERRETI DTV,

2.2 REFEOBE
RETFHTIE, 2. 1 HITHHH L 72 DMS-PSO, MDMS -
PSO % H:12 L THRBE DOEM R 12 AR T & ISR R AT &
JRFHEZRL T & W) 20D 7 )V — THEZ 408 B 155 [k
TNT) ANEBAT L, (R 7 VT XL EAF
EOFMIL 2. 3HITRT,



(S5 S PSO (3R & %

o
o mose=0 |

EHTD
HE EZEONHE
I

TS %R ==0
Er=al
LHTO
i, EEOESH
gr_mode == 1 &3 yes
KGR T
ormse=0 |
" yes

o mode=1 ]

[Tarr—7k] ]
T

A ER T OEREMNE |

yes

HAR<EAHAE

(87 L —Fims )

es
gr_mode ==0 y
no

KEERHFET =
Sl | e
BmiEERFR L
NBETIL—Tk

BYIL—TJ#ET

K1 fsERbEE PSO O 7 u—F v — b

MIICHRETEO 7O —F v — bR IRETED &
M O#EWIT7HE—F v — MO [T OME, #HEDOH
Bl THHATAEHROENICH H720, WMFEEZE1 D
JO0—F ¥ — MNCHIHTEZL, 70—-F v — o
gr_mode L IFIERDRELX EDLEFTH D, gr_mode =
0 Tix&fi 1% DMS-PSO & % \» i MDMS - PSO D% ¥
(LT, MFEe 12 DMS LT & BERE) & L CTilw
gr_mode = 1 CTIL&N T % KIFEFR T & WHTEER R T-
W23 5 MIZgrmode = 0 & L TETORT %
DMSHI T & L CIERZEMNICT v & AZEE L, FH T 0
pbest ZHEME L L, 7 IV—7b&4T9, &kIZ, EHH
IZPEVRLF Nl L HEAEHF L, RIEAFEICHI VT
ALEAT) o F/HHIFIERHEZIT) o b LIS
Wiz ENE, EEERET V) AL EFITTE, T

Y, ENTIERIED L IR EFANELAA TR ST
FetEDid A DT, gromode = 1 & L Cafi 1 % KSR
F L RFTRER TS5 L, KISRE R T O FAC EALE %
T9o SITRFICELAALZGEORKEE LT, Kk
YRR 2 FHEE 5 2 L1 X 0 W % 1Al 8 ¢ Rk
WREED Do —77, BBFATIAE L2 E 0 &
LT, RFRER I LD &EMO S5 % 2R HED S,
5 D RE 7 Y ) X TAT ) FERCIE LR & P IE R (2RI
TRRFPREET 2B LTI 2. 3EHTHL <l
%o FEHANET VT ) X A 0@ %, HEHANIGEVRL T O
frig & 2R L, RIRITEIZH V=T E1T9,
722U, RIBARFER T W - R R E R FH Tl % I2FF 7 v —
TICZAT ) o TRBEDPHELRILIRFEHRF 7" gbest & HHT L 72
Yitr, JRPTEREA IR S 7 gbest & # 7% B RFTIHO
TREIT o TV LR RV, £ 2T, B S 4172 gbest
DI Z JAPTERN I IF € 572912, gr_mode =
0L LT&ki{%DMSHKT LT 5,

O &) E & gbest OFHIIZHEV gr_mode % %
B RDVOMTRMEPWIZEND ETHEREEITH o A
ZETIEBEIRINE L 72 GE, HERERTSE 5,

2.3 fEmEE7ILIYX L
2. 2EITIRARIZ L )0, HRDE L 2RI ER T2 K
BERFERT & WP T2 20 L, KRR R T O HES
B AT o EHOHEIX, KITRT X5 IThF s
(V) EmBEAONE (gbest) 2B 2 ZODE&MTIT
Do
(1) BEEECXZHE KR TERT HEIOFEH VY, #3K
Db,

P,

1 &
Vav PgD - ;| Vig | (3)
ZZT, P,ifgrmode =0DL X DMSHKFHTHDY,
gr_mode = 1 O & X RIFERI FHTH 5. D 1B
DRTEHTH V), 0,4 1T i HFHRTOHE DL d KT T
Hbo 17 IEH count_V % 7% T, R(3)DFIGHEEDH
EMEXN/NE LD E count V ZINE L, count_V =3000
DL EFREOBE N OEREHET Do B, FIHEED
FHEEL Y REL o7 X212 count_ V& 012 & v
N3 Be BT Y EROIME ORI OV T AN
T L0, Ba ey F~— 7 BB TORMERE D KT
Z & THMB LU oo EDBME3000% PE L 72

() R RAEEOAE (gbest) 12X 25 @ HAMIZ gbest
2RI, 7 v B count_g FEEVF, KISEEZK T
12X D) gbest AWHEH &, T ORAMED A G BLEM
DT o & & count_g M %o count_g =2000 & &%
BIEGOMEOB N S5 EHET 5o %8B, gbest
ORBMEORA G HHEME Y KE WL X count_g % 0
2ty MY oo HEEIC X BHE L BRI, BEA AT



70 HARSF TS %

Fv— 7 B COREMERE D BT L TEOERFD
H5E O BIMIE200% P L 720
FOZOoOEERHIENE L &, FHEE L E AT
Yo FELEMFIZRON)~4)D 5% 5o (VEkF % K
PEBRT L BHESRR T 25 L, Zo07 Vv— 7%
RS %o )RR SN T OMiE & HEE 5 5 L ICH
FLiE§ %o (3) RIS T- 2 P L iE A @ pbest % P45 L
TV ARG, KIBERZR I OB AL E I A1)
REMED S 2 DT, pbest & RILH = & IZHESE P CHAAL
&L, % 1- P T pbest DLW % HIFSE D, (4)
X512, pbest DR EIZ L > THEKOERTH 5
gbest & Ko 735G, RT3 2 TREMD D 56
ZFZTm KT T > 5 LIRY, FDk{ O pbest
|2 gbest Z &9 5 Z & T gbest ZRAFT 5o ZALIGHE
B 7 VT XL TOI) — MEFEESEIZLZLDT
H5,

3. BHiEXER
3.1 BEXBRORBRESHE

T, N F =7 BEBORIMEREO HESER Z T,

IRETHE L DMS-PSO TRIBHEZERE % il 5.7 D7z
o, RXM4), (5)TEFHT DR - ZKITTHT DD & DF

WEN p & T OBEREcERD, u—0, u, u+o?d
HACHERE % [Li 9 %
1 N D
=— X, —S (4)
H ND H; id ~Sa

o= J%ZZ% s ®

CIT, s 3EDOHE d KIS TH Y, NIk T5%
£,

WIS, |EFHLL 5 >OBFETFE (PSO, DMS - PSO,
MDMS - PSO, StPSO, CLPSO) & OEZRMAE# Ly
bz, NryF~— 7 BBoORMEMEL ZhEho Tk
TIO0MI i 528k L, % = TH57- gbest O BEE DI 5
(LUF, < f(gbest) > Litik) OMAHERLHET 5, &
B, FN Y F v — 7 BBUSK T % & F T 1008 o F il
FERCTOMENZERE L WET 5.

ETHETHVE NG A= OMEZFR IR L2, £1D
[ERBE R DA & 0%, KT 3R 0 3 BE O & IR TT I 5
DRESORKETH L, DF 0, HEETEH TR 725kt
ROFEERTORE SHRAMEEZBZ 2L &, ek
EICRET B0 T/, EUEA w OEPIRET XS &R
BRI AEL Y, /NETE D LIRFHERRE 05 %
LI ENRMENTWBY, DMS-PSO & L ¥ % &
MDMS - PSO 3 KIHERFETI D E Ve 2T, IREFE
M ORIIER N Z S SIHD L2 & TRETFED LD
BRI OECE LR T 20, AETIEELDOL ) I23R
FFED Cldw 2 HRICKS T —EE L, RETFEMT

§57% #5175 September, 2015

FHAE & B2 w DEEBIRE S L, £212, RETF
ETUHEE R DI/INT A=Yl R BHERP k4 7%
EICREE L CREERR AT o 7245 R, RTBUCE D 5T
pbest D) 2 57 & FHRLIE L 72 & SRR EREIRE (%
LEMA RSNz, €2 T, BHERPOME2/D &F
%o F72, pbest 2 gbest # T — MEAFET LR T m D
iz K& T2 EREBIFERRBIVPEDNDLOTm Ofiz
2IED Do MT DOEROBFRGEML, AT TR
R ERAT 2,

F1 EFECHVELIT A—F1E

NT A= a2 K il
B8N 90
Wot¥ D 10 30
B KA AR 30000 200000
E3 R 100
HEE R 53 O fie KAE 0.2L, 0.6L
. 1.1, 2.0 : StPSO
AR el 1.49445 : = O O F ik
» 72 L : CLPSO
BHHRH 2 cl L : = ofth o Fik
0.729
: PSO, DMS-PSO, #E T D
15 P w 0.9-0.7 X B At AR 0/ e KA AR

: MDMS-PSO, ##ETFEM

0.9-0.5 > Bl it A% o/ 5 KA AR 2
: StPSO, CLPSO :

3 : DMS-PSO, MDMS-PSO,

TN—TNEFH n R F ik

2L FOMOTFIE

10 : DMS-PSO, MDMS-PSO,

UL — LA R RERFIE

2L FOMOTFIE

F 2 fEEEELE PSO D85 A —%

IRT A= B il

RIRAR SR 5K N/2

Ja) T R SR ORL 1 N/2

pbest O 2 H fifg 3 p 2/D

B ALEE T gbest O fif % IR )
FT DR 5 m

F3 NUFv—rEEOME

" . 2 D -
R %4 2N K 17 B 1% iRt
D Sphere M e L "d T x4=0
@ Rosenbrock M H b "d T x4=1
(®Rastrigin % W 1 e L "d T x,=0
. ZES
@Schwefel EZL 1 I x,=420.9687..
® Griewank % s H Y d T x,=0
® Ackley Lkt | L "d T x4=0
(DRotated-Rastrigin % W 1 HY "d T x4=0
® Rotated-Griewank | % I HY Yd T x4=0




(S5 S PSO (3R & e

3.2 ANUFvT—7HEK

KfFETlx, £3DO~@D 8§ ODNY F~v— 2 KD
HMEIERBEOFMEER 17 - 720 FREOILIK - £
BOKGFREBROGEB L OHEZ R 3 ICF Lo, BEAZRX
(6)~WNIRTe B, ETOMEOR/MEIZ0 TH S,
@ Sphere B%¥

f(x):zD:xj (-5.12<x, <5.12) (6)
d=1
(2 Rosenbrock %L
F(x)= 3. (100(x,, —x2) +(1-x,)%) (7)
d=1

(~2.048 < x, <2.048)

COBIBUTIE, B AT L2 BIUIE O /s S BRI AT AL
FLARIZIE S5 T B 728, BREFEIE TR 2 BRI DS L
THbo
(3 Rastrigin BJ%

f(x)zi(xj—lOcos(chd)+10) (8)

d=1

(-5.12<x, <5.12)

COMBTIE, BB RIS
5 12O FRIGN L IRBE P UETH Do
@ Schwefel %

f(x):418.9829x0—fxd sin(y| x, |) (9)

d=1

(-512<x, <512)

CORBTIE, AT E B EDEENL TV B D E VR
WARERE N RV E LT 5,
® Griewank BI%

f)=1+ ; 4;60 - H (cos(%)) (10)

(-512<x, <512)

C ORI LGRS T H B 6
©® Ackley %%

f(x)=20+e—20exp(—0.2 /%ixj) (1)
d=1

— exp(%dzl:l:cos(chd )
(—32.768 < x, <32.768)
C OFRAEUI RN 1% Sphere AL & U7 & 1348,

JRFTHINZZZ B D /g % F5 2,
(@ Rotated - Rastrigin B

f(x)= i(yj —10cos(27y,)+10) 12

y=Mex , (-5.12<x,<5.12)

#5175 M % > C Rastrigin B %00 A i % [ diz &
72T H D,
Rotated - Griewank B4

D

_ Vi oo Vi
f(x)—1+;4000 Q(cos( JE)) 13

, (=512<x,<512)

y:M.x

[l #2175 M % F\»C Griewank B %o i i % 0] iz &
BB TH D,

4. BEXBRBRCESR

4.1 IREFEE DMS-PSO & DABIFREES LLER
E T & DMS - PSO & O RIHEZERES O i # 179
729, D =100 Griewank PO e/ MEFER O FH 5% %
LEAT, 4), 6)TER L 72 &I TOED 5 OFI%E
iy & FDIEHERZE o %KD 72.14 2 12 DMS -PSO TR
lou+o, u, u—ocDMRHERLZRT, Kb Lo R
WHIERD u + o, ROy, By - o THY,
X3 —-6TLRAETHDL, KL HIT00HRH/ZZ0H 5 ud
o DD 2, pidL07TOETH A Z &5, DMS -
PSO Tl AFHENIINHE L 722 20355 2D LI 12,
DMS - PSO (3 #EFHE O Fov B RS CRISIER 1255 £ 5 6
2B 5 K3IREFED TRkd/lzu+o, u, u—o
ORI AR T HERMEZ - 304 53012FEK L 721K 4
FRT. MSICIREFEM TERDZu+0, u, u—ad®
MR A RS T/, HERMEL -30253012IK L7z
M6 %KY M3, 5205, FHEBELEIZLYERFEDR
Griewank PAED—KITHIMDEFERD 1 /5 TH 5200
2D FTWIMLCWD 2 EDT0 5.3, 5 TE@»5D
FHZERANEIT0ICRZ DA% IR 4, 6 £ MM
0THLOIETEHLTVWAZ Db, $72, M4
DR000HALDHE R DO FELE LI & o C, FHEM W
20DV TEY, Zo& EFITPCED S 0% T O i
MR -7 EHENTESL, TAM3, 5&IKTHE, i
FETEMOTPEROFBEIZBI S o DEIRKENT &

10k S A S S
Hol M s s s 1
1 : : : :

B}
+-

4

0w Zom B0 B0 110
HEH
2 DO OFIYEAL & AR OHERS

(Griewank %, D =10, DMS-PSO, HH o k5 HEwn
WAy + o, FOMET u, Bl u-0TH5D)



72 F AR T2

=

500 \ i i i
8] 2000 4000 6000 2000 110t

TR

B3 S OFIEZEAL & BREER A= OHER
(Griewank %%, D =10, {5 a8 DMS - PSO, KXo -
g%?‘?—:b‘ﬁﬂﬁ‘-ﬁ%}“u + o, RO u, BOlfEsy -0 T

%

0 ,
F2a T O O O O O O EO O R W
1o LA
;=B\
= -
i
= o L
20 [
0 i i i i
0 2000 4000 6000 sooo 110

A

4 f#9»S OFIEN & ERFEEOHER (LK)
(Griewank FA%:, D =10, 4555 DMS - PSO, Ko E
7]“5;5—.\/‘933%?753‘# + o, ROHEBS 1, B2y -0 T
H5b

D3I %o TND HRBDOFRIZ BV TRETE M 13E%
FHED L) O RIEHFERENIENR T D Z L0005,

4.2 BfEFEEOFRRMEBEILSE

8ODNYF Y= TOBMBER» &S
(gbest) > DAHER %X 7 ~1412R$ o AW TIED =
10, 30COEMEEERE1T-727%, %< OEBTIRRITHED
REWITEHERDNEPEL R DEIS R SN, Ll
LCHOENTWEZ ETH DA, Griewank FHETIIRIT
DS WIT EERRFEIME L 7o 720 £ 2 T Griewank
%L Rotated - Griewank B Cld D =100 %2/~ L,
ZOMDOBEETIED =30D#E R %2R £/, KT OHEE
DRTTIED DKM Z0. 20, 0. 6L O 38 ) THALFEE %
frofzfRe kL, L) BOWIERERELY R LARAER
BHL72& 2%, Schwefel Bt Tldm A %0.6L, D
MDOREETIX0. 2L & L72o Zhid Schwefel B3 Tl
i L BB RO HHEAT R &, Rl d B HERT L7201
RLF DR R DR AMEE K E L LIHR L 720 LA
ER

Sphere FI¥1T D < f(gbest) > OMAHERE % X 7 127R§

FEE 5 57% 517 September, 2015

300

200

-100
200
300 i i | i
0 2000 4000 6000 3000 110*
HEH
5 D5 OFIHEAL L RAERAEOHER

(Griewank F%, D =10, 15[k MDMS - PSO, X+ o
ErSBWIIA u + o, RO 1, Bl y — o
TH5h)

30
20 oo Ty
10 e R T
HiﬂlJil
R
-~ 0
E\_h

i i i i
0 2000 4000 6000 8000 110*

HAH

BI6 DO OFIEN & EEREOHERE (EAM)
(Griewank %%, D =10, f& i [al# MDMS - PSO, X
Lg%;%b\ﬂﬁﬁﬁfu +o, RO, BBz u - o
Tdhs

Sphere BFUE B2 HIEER T TH 5 720, RIGFREET)
ELBELLEWEEZ LNLKT LD 15000 F Tlo4
TOFFETREMIGEL TVD L ICRZ 575 StPSO,
CLPSO TlIf#HIZEL Tz vy, 72, MDMS - PSO
ERRETFEM ClIRERIET 2 EFTICREWIEREZZEL
TWwh, 20X 92 StPSO, CLPSO, MDMS - PSO 5 &
DRETE M OB RS ERCER E o7, TOMpT L
LT, INHOFETEwOHZHERESETB ) Bl
THREDERIEN RS E2720E2 6N 5,
Rosenbrock B % C? < f(gbest) > D HACHERE % 11 8 (2
RYo X8 Tik, DMS-PSO OiERMEN KD EL, &k
IZHRET DA E Vo Rosenbrock B %t ISR CTH 5
720, HWEPERENIPLETH L EEZ ONDL, —F,
C ORBIIAEHN BN RARE Fio THB Y, f/IMESR
A AZBIEAE D /N S VRIS AR K & LA > T
5720, WBEOFPBTIIRITIRERIOLETH L EE 2
bNbo, OO REIRERD 2R > T 5h, K
1 22 BEFRAET T KIT 5 PSO Tl ERMERE 2 /R L 72
LEZOND, FNIHRTODRN % HHRENT »
L {FoTv2% DMS-PSO iZm WEEEMREEZ R L T 5,



(EPRELE PSO M3R% & 3l E

—e—{%ﬁ OSPS5O0
-1— = mehEMDMS-PS O
100 ; == PE0
\ ! - 2 DME—PSO
: === MOMS-PS0
A : --a--STPE0
10 L BC et ’_QLPSO
“\ -
~ A
ey [ T LR
W i ~
w01 R e e
Y . :
00T E S
0001 \J LS N h
5000 1107 1510}
A
7 < f(gbest) > DR
(Sphere %, D =30)
100 ]
01 F E
0.0001 3
~ 107 3
3 10710 ]
3 .
:l_%.o T0—16 ':‘
P [ ]
Voo .
Ton 3
0% | ]
10_28 - I ]
0 510° 1100 15100 2107
HtE

8 < f(gbest) > D2
(Rosenbrock %, D =30)

—75 DMS - PSO ({53 58 7 )b T 2 4 %3800 L 7248 %
Fik DAL, G T L 3) R A2 X 2 TR E AL AL
1270 KiS L L CDMS-PSO L N {KWIERMREZ /R L 72
EEZHND, 72, CLPSO OFEHRMEFII LKL 72T
DOF TR LN T L5505,

Rastrigin B4 T? < f(gbest) > O HEACHER 2 X 9 127K
T, K9 TIE, BETFEOZFE CLPSO Thifi i
ELTWwb, $72, X102 Schwefel BI% T < f(gbest) >
OMRIER Z R T, K0T LR_EFHEOFE L CLPSO
DIFERREDR BN £V h b, TODOMED L)
2 WV CAE RN ARTE AR DS 2 W B EUC B W CTIRE T
& CLPSO 2SR WIEREREZ R L T b 2 e gh b, &
nicklkN |BEFFEOEE % > T b DMS-PSO,
MDMS - PSO (X @At HIRITH T Z EATTE TV,
Bt T, FIHIICE % []58E 3 2 (=3 m5E 7 )L ) X A ALk
HREBTEDIB T D EEZOND, DEXY, R/E
F: & CLPSO (ZZHENARLFBIR D 2o WA IEVEREIC 3
WCEN I RIBEREE D A RO 2 &%,

Griewank B% T o < f(gbest) > O MALHER % [XI11127R
o H11TiE CLPSO DR PEREA ;& b B V2%, RIZ

100

e b e [ e o e oo (o o]
10 e & A [ [

ﬂ- e ey o gl = e il = =]

L& F ________ —e—[%z"‘ DME-PS0
1 £ (S EENVDVE-PE0
| [} —g— [

01

< f(ghest) »

oot | 1 LL‘; ,,,,,, vt

51‘04' 3 1‘05
HEL

0.001

i
15100 2107

9 < f(gbest) >R
(Rastrigin B§%%, D =30)

10° : :
o ™y o |
o, e e i s ek el e e g
1000 \El el BBk SEck iR oERl

,,,,,,,,,,,,,, | —6—{%}% DWE-PS0
| B— i=woeMovE-PSo
| ~—Fz0
\ |+ »—DWE-PSO
| -+== WDMs-PE0
wmeL b T {--a--5tP5D
F |- +—ocLr=0

1o o) B SR

< f(gbest) »

i i
0 510t 1107 15107 2P
TR
K10 < f(gbest) > DifEFs
(Schwefel Bi%, D =30)

MDMS - PSO 7B\, X120 Ackley B %% C i PSO LL4}
DF LT T N F L RE L TV 5205, HTHRET
#D & DMS-PSO DR O F W L0 h %o
Ackley BIZUTZ R O KL BILRA D 5 LIV EIT B 5 73,
Rastrigin Bi% %> Schwefel Bi%k & 7 V) K12 1% Sphere
B L BB 2 3 7290, RFTRERE) O E v DMS -
PSO " Em WHERBE N AR L 72 £ & 2 5115, Rotated -
Rastrigin BJ%% & Rotated - Griewank Pi% o < f(gbest) >
OHAHERS % /R L 72[M13, 14Tld MDMS - PSO L 24T
M O # 3 M BE A% 5 Vo Griewank B ¥4 - Rotated -
Rastrigin B§%t8 & UF Rotated - Griewank PA%0II 2854 12
KERBROD 5 LIEEBETH Y, oI b~RigESR
HEEL W TH 57200, #AAHER LT < f(gbest) >
I ORIBUZ BN EEZ D KR & o720 < fgbest)
SOURERMTED LD, REFED LY HREFEM
DITIECRBEREZ T L TV D 2 D505,
TFHEZEICHME T D5 L, PSO X4 K ORECHA
PR L CTw%, DMS-PSO, MDMS - PSO i, KH#E®
RETT X 0 RFHEZRBESIDE W 2 & DV Ao StPSO (3R
D S FHEOM T, WEPEHLTCL L) ERIIHS



74 HARSF TS %

T—e— [ DWE-PSO
| - I sEhEos RSO

|- B0
| ~= MOMS-PS0
| --a--5tPS0
|- +—0LFs0

-‘--'T‘"'*'

- -evﬂdg— -«er *-t—_ﬁ._:ﬁ—ﬂ—‘()—-&—_

< f(gbast) >
=

| i i i i
o 5000 1ot 1510 2107 2510t 310t
<3

M1l < flgbest) > DHER
(Griewank B%%, D =10)

ooo [ : +:—]T§$|§En“éﬁm§%%’o

< flghest) »

1510° 2100

0 510° 1107
HE

K12 < f(gbest) > DR
(Ackley B%%, D =30)

%, CLPSO (&% B 5 CIIBERMERED H 25, —Eliim%
14:F8%0 T & 5 Rosenbrock P T iﬂl'ﬁc:;f:@qﬂmf R
FEHELTWwS, 2OZ L5 CLPSO ii:ﬂzﬁéi?ﬁ%ﬁﬁm
WA, RFTERRREITR WV E T E 5, RETHEL, $
Wk - ZlEPESB L OB OKFREROAIEIZ L 5T,
TOBBIIB W TRERIEC ZHERETETNL T J:VJ‘%
KIBARZRRET) & RFTEREEN OB ORENI % 9 F { FEHET
ETCWDBLIEDRTHhD

4.3 MREEEEIC & B FERMEELEE

HF 1 TO LB D10018] 0 il S BR T3 72 g 3 5% 0] 54
R AINTRT . ECOBEBORBMESA0THEDT, KK
fESEERCRAK M EM (1.0x1079) % Flul - 72k 128
—OTHHE S NG, UREEBEFEBRIIRICRE L 2L
HE L7z $72E AT OO~®IFEI IR LNV Fv—
7B OFTTH L.

#4 £V, O Sphere B T3 &TH - £EEFER TR
PRI TETW5H, @ Rosenbrock F5r TIZIRE T D &
DMS-PSO IZBW T EER THLHERTETEBY), K
IZHRETFHEM & MDMS - PSO T, 13 & A L OEFEER

§57% #5175 September, 2015

1000 . —
; —e— (2P oM S0
! - {SimOhEEMDME-PE0
! —&— PS0
! =— DS —PS0
=== WMOMZ-PS0
: --a--5tPS0
AN . +— CLPSO
i e, 1
' : . : |
\__% 100 K- < H_a.‘ ---------------------------------------
4 ity olieie __—'?r.:—‘z_ sl o=
N e 2E '2' ‘!2 ﬂ\ B o 3::2— %
“A""- o -ﬁ—\% — —d:.—vs—/_a—
éﬁ--h =a--1z- - g =
10 I 4 5 5 5
0 510 1 10 15 10 210
HAHK

X113 < f(gbest) > DHfife
(Rotated — Rastrigin %%, D =30)

100 | |
! ! [ﬁ(EI% DE-PS0
H : ERiELE e ae]
- ﬁ— DMS x=19]
10 H : -—== WMOMS-PS0
o gt gt --a--5TP50
: : - 4—CLPS0

< f (ghest) >

0.1

0.01

0 5000 1 10“ 1510% 2 107 25104 3 10“
TR

X14 < f(gbest) > DR
(Rotated — Griewank %, D =10)

TR EPERTETW5DH, @ Rastrigin F%, @ Schwefel [
T IRETEO T L CLPSO 02 H R T % 5
FTETW5, ® Griewank F¥TlE CLPSO 75 b % <
D e FETE TWb, 6 Ackley BTl PSO DAt F
B EEEFEE T A2 HEE T EZ T b, @ Rotated -
Rastrigin B3 L OFETHREZIER TE 3, ® Rotated
- Griewank #0332 %E T & DMS - PSO, MDMS - PSO
TR L TV APREEEII v, ZOFHE L
T, IS ORBFIIEFMOMRARRET L OLIEER%T
HY, MO HAIRESE 2RO D 2 EHEE L WEET
H 570 EHERIT S,

4 &tk EWkD D &, Griewank BEE B < LRETH
AL &) ERZER B K E { o7z, F72, CLPSO
IZ Rosenbrock FAEL TILERER A0 TH 545, Mo
< iﬁ’%’:ﬂ?lﬁ]ﬁﬁiﬁ% Vi, PE XY, CLPSO &HE%ET
LEOTRBEMERSE DS, F—ETF LD 25 CLPSO £ 0 44
NN iﬁfﬁ'ﬂ) GARERBETETCHLIEDSD 5.
72, ZORRIE, 4. 2EHOM T ~14I12B L TR &
EUEICEHE LW ERGh 5,



{5255 0158 PSO OFEE & FFif 75
F 4 RELERL
FiE4 O @) ® @ ® ® @
152 385 [9] 38 DMS-PSO 100 100 100 100 41 100 0 5
1€ {7 [8] 82 MDMS-PSO 100 97 100 100 59 100 0 9
PSO 100 76 0 0 0 63 0 0
DMS-PSO 100 100 0 0 13 100 0 5
MDMS-PSO 100 97 0 0 63 100 0 8
StPSO 100 62 46 0 1 100 0 0
CLPSO 100 0 100 100 82 100 0 0
sion, Stability, and Convergence in a Multidimensional
5. ¥ & &

RIFFECiE, BT TH 2 DMS-PSO & MDMS -
PSO % |2 mhEE 7 v ) A4 & BAL, KEB X ORF
PR RE D) % S I V2D 3A A 72453 Al PSO 2 32 % L
7oo BEFERRIC X 2RETFILL 5 DDA TFEOREIC &
D, BT HIENE: - S & OB KRR D

A

25T, ALY A TOBBISEMTE HPILHN %

PSO Th b I Lprhoize TOMAEL LT, HEFET
WIRITIRERE )] & R RERE I 2 2N E T E 5 2
Mok FaESes 212Xy, B0z 7TLray
AL ETHHNATZ B L) ICFEEL TW L E0ET 55,
7272 L, Wt CABE OKERBARD D S Rotated -
Rastrigin F9%% & Rotated - Griewank B Cid, R%ET:
ZEUAR TR LIZETOTETHRO W CHREMER LR
LCTWhv, THUIZEHBOKTMGRE b Lk T
SRR RO L Z e L W LT, ThesD
B CHERME A U T 2 2 e S HROBRETH b,

1)

2)

3)

X ik

J. Kennedy, and R. C. Eberhart : Particle swarm optimi-
zation, Proc. of IEEE the International Conference on
Neural Networks, Vol.4, pp. 1942-1948 (1995).

R. C. Eberhart, and J. Kennedy : A new optimizer using
particle swarm theory, Proc. of the Sixth Int. Sympo-
sium on Micromachine and Human Science, Nagoya, Ja-
pan, pp. 39-43 (1995).

M. Clerc, and J. Kennedy : The Particle Swarm-Explo-

5)

6)

9)

10)

11)

Complex Space, IEEE Transactions on Evolutionary
Computation, Vol. 6, No. 1, pp. 58-73 (2002).

dJ. J. Liang, A. K. Qin, P. N. Suganthan, and S. Baskar :
Comprehensive Learning Particle Swarm Optimizer for
Global Optimization of Multimodal Functions, IEEE
Transactions on Evolutionary Computation, Vol.10, No.
3, pp. 281-295 (2006).

dJ. J. Liang, and P. N. Suganthan : Dynamical multis-
warm particle swarm optimizer, Proc. of the IEEE
swarm intelligence symposium (SIS), pp.124-129 (2005).
A. Z. Sevkli, and F. E. Sevilgen: StPSO: Strngthened par-
ticle swarm optimization, Turkish Journal Of Electrical
Engineering & Computer Sciences, Vol.18, No.3, pp.1095-
1114 (2010).

Z. H. Zhan, J. Zhang, Y. Li, and H. S. Chung : Adaptive
particle swarm optimization, IEEE Transactions on Sys-
tems, Man, and Cybernetics, Part B: Cybernetics, Vol.39,
No. 6, pp. 1362-1381 (2009).

K. Yasuda, and N. Iwasaki: Adaptive Particle Swarm Op-
timization using Velocity Information of Swarm, Proc. of
IEEE the International Conference on Systems, Man &
Cybernetics, pp. 3475-3481 (2004).

MELFS  EHNy Y7y 7, pp. 19-57, EARE
#, (2010).
Y. Shi, and R. C. Eberhart : A modified particle swarm

optimizer, Proc. of the IEEE international conference on
evolutionary computation (CEC) , pp. 69-73 (1998).

A. D. Olsson, Particle Swarm Optimization : Theory,
Techniques and Applications, Nova Science Publishers,
Inc., pp. 127-167 (2011).



76

HAREE T %R

AL

§57% #5175 September,

2015






HARSF TS %

§57% #5175 September, 2015

R Ya44F—0O [T¥] EZT7LELTIHBIZBNT
EDOLHI KX N TS »
— (WAL H L~ | EOMEK —

T B X

HH *

How R. Steiner’s “Geisteswissenschaft’ takes over Waldorf Pedagogy.
— Inheritance of the concept of “recarnation and karma” by Steiner —

Fumiaki TsucHIvA*

Abstract

This paper examines how R. Steiner’s “Geisteswissenschaft”, especially “transmigration of souls” takes

over Waldorf Pedagogy.
This study shows the following:

1. Educationists and teachers who are concerned in Waldorf Pedagogy accept uncritically R. Steiner’s
“ Geisteswissenschaft” that he created by spiritual forces. They are great believers in R. Steiner’s

powers.

2. The concept of “recarnation and karma” by R. Steiner have an important place in Waldorf

Pedagogy.

3. This concept forms the foundation of the objective of character building in Waldorf School. The ob-
jective of this School is to develop the individuallity pupils keep from their former recarnation.
4. This concept sets a guideline for the education and guidance Principle in this School. This concept

also leads to the dignity of man.

5. In Waldorf School some teachers educate generally without Steiner’s concept. This concept is now

Waldorf Padagogy itself.

Key words : Waldorf Pedagogy, Rudolf Steiner, recarnation and karma
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A Study of Relationship between Life skills and Mental health in
people with experience at an athletic club

Hisashi TANEGASHIMA* and Mayumi WATANABE**

Abstract

This study aimed to investigate related factors between life skills and mental health with experience at
some athletic clubs through comparing gender differences or other factors in order to make mental health im-
proved and maintained. The results showed that male with experience at athletic clubs knew both their own
good and bad points very well and they tended to keep on training for a long time and make all possible
efforts regardless of others’ expectation. Long experience of athletic clubs was not a factor which contributes
to gain life skills and make mental health better. We consider that the types of life skills vary in effecting men-
tal health on daily life and athletic life skills. We found that gaining all four types of life skills compared with
not gaining life skills at all was the factor makes mental health better. However, life skills effect on daily each
life skill and athletic life skill differently. In other word, it was important for mental health of daily life to gain
physical skills and for that of athletic life to gain mental skills.
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