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Abstract

This paper presents a tuned mass damper (TMD) utilizing a parametric design technique to reduce the dynamic responses to seismic loads of
retractable large spatial structures. An artificial intelligence algorithm was developed to automatically search for the installation position of the
damping device. This enables confirming the dynamic response of the structure in real time while finding the optimum position for the
damping device. Further, the optimum mass of the damping device is determined from among several alternatives, and a design that can be

effectively applied to both open and closed conditions of the roof is obtained.
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Table 1 Methods to estimate optimal parameters of TMD
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INPUT : Number and Width of Frame bay

Fig. 1 Automatic location generation component of TMD
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Table 2 Alternatives for mass ratio and location of TMD

Number of TMD Installation Positions

(EA) of TMD(Fig. 9)
Casel 2 5
Case2 4 0/10
Case3 4 1/9
Case4 4 2/8
Case5 4 3/7
Case6 4 4/6
Case7 4 5/Y1/Y5
Case8 4 5/Y2/Y4
Case9 6 1/5/9
Casel0 6 2/5/8
Casell 6 3/5/17
Casel2 6 4/5/6
Casel3 6 0/5/10
Casel4 6 1/9/Y1/Y5
Casel5 6 1/9/Y2/Y4
Casel6 6 3/7/Y1/Y5
Casel7 6 3/7/Y2/Y4
Casel8 8 1/2/8/9
Casel9 8 1/3/7/9
Case20 8 1/4/6/9
Case2l 8 0/1/9/10
Case22 8 2/3/7/8
Case23 8 2/4/6/8
Case24 8 0/2/8/10
Case25 8 3/4/6/7
Case26 8 0/3/7/10
Case27 8 0/4/6/10
Case28 8 1/9/Y1/Y2/Y4/Y5
Case29 8 3/7/Y1/Y2/Y4/Y5
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Table 3 Z-DIR. deformation for seismic load(closed)

TMD 2§ §50] e F2% $HE B §
Aok mde A Tl SHe Frista, A
o= Al7ko] 8 &4 ¥ (Time History Analysis)
SFATH

AA e b AR el TMDE
lo|u, 250l &
7§ ] ti K(Table 2)°] Hiet 34 gh= F=
I} 12}9d2 Fig. 89 & 2 A| AR Hhy
FH = A5 AFE 2ghs JAR A
Ao A Al 5ok L= 9 ER7 715 A
o oAl o] 7} 7]-5-5 5 APIE E5f A3l
0] FF golstA A& == 9
g 7Fsst

Fig. 9= TMDS A A|5h= YIRS f1ollA] vlehd 5o 2
A% 19 o]t Table 3> A5 o] 23l Ael, Table 4= A&l
gl e] &A A3kl Hish AlZkolH sl A2 s=aske] Z ol
Aol Hiet A gk Urebd

T2 0|7} o4 2 A= Mol FHlo]

1

>
Mo ot
o =

4
o I ax

o

it
R
do
N
3
>

X

2
i
o
i
]
o
K
g
n
K
©
31!4

52 1
5
é{v

Mo
X o ¥
Lo R 30
SEB
oo & o Iog
2 ol
2 oo o

% g

S

)
>~
=

=I v
ok
o
.
(m
Mo 0 12 iz oot ¥ ool

)
H1
Jfu
=)
I
il
X
N
ol
FI'F

Table 4 Z-DIR. deformation for seismic load(open)

Mu=1% | Mu=2% | Mu=4% | Mu=8% Mu=1% | Mu=2% | Mu=4% | Mu=8%

Original 0.205m Original 0.151m
Casel 0.155m 0.117m 0.091m 0.086m Casel 0.129m 0.100m 0.069m 0.072m
Case2 0.190m 0.171m 0.146m 0.113m Case2 0.126m 0.113m 0.114m 0.116m
Case3 0.152m 0.113m 0.087m 0.066m Case3 0.122m 0.125m 0.123m 0.113m
Cased 0.134m 0.092m 0.074m 0.053m Case4 0.110m 0.098m 0.077m 0.049m
Case5 0.171m 0.131m 0.079m 0.051m Case5 0.117m 0.091m 0.061m 0.082m
Case6 0.155m 0.119m 0.097m 0.091m Case6 0.123m 0.089m 0.10lm 0.116m
Case7 0.130m 0.094m 0.066m 0.046m Case7 0.119m 0.084m 0.050m 0.036m
Case8 0.127m 0.087m 0.066m 0.044m Case8 0.117m 0.078m 0.053m 0.036m
Case9 0.123m 0.089m 0.065m 0.037m Case9 0.110m 0.097m 0.072m 0.038m
Casel0 0.110m 0.080m 0.054m 0.030m Casel0 0.097m 0.072m 0.043m 0.033m
Casel 1 0.130m 0.079m 0.059m 0.048m Casel 1 0.101m 0.060m 0.066m 0.059m
Casel2 0.129m 0.098m 0.084m 0.089m Casel2 0.106m 0.076m 0.093m 0.086m
Casel3 0.144m 0.098m 0.073m 0.051m Casel3 0.108m 0.079m 0.053m 0.039m
Casel4 0.123m 0.093m 0.073m 0.047m Casel4 0.122m 0.120m 0.108m 0.086m
Casel5 0.128m 0.091m 0.065m 0.035m Casel5 0.118m 0.113m 0.091m 0.056m
Casel6 0.129m 0.082m 0.052m 0.027m Casel6 0.108m 0.085m 0.053m 0.045m
Casel7 0.135m 0.082m 0.055m 0.027m Casel7 0.107m 0.081m 0.059m 0.055m
Casel8 0.116m 0.088m 0.069m 0.046m Casel8 0.114m 0.108m 0.096m 0.081m
Casel9 0.129m 0.083m 0.055m 0.026m Casel9 0.110m 0.096m 0.069m 0.048m
Case20 0.118m 0.080m 0.054m 0.027m Case20 0.103m 0.084m 0.057m 0.033m
Case21 0.144m 0.104m 0.074m 0.051m Case21 0.119m 0.119m 0.114m 0.104m
Case22 0.116m 0.075m 0.047m 0.033m Case22 0.098m 0.073m 0.051m 0.064m
Case23 0.105m 0.070m 0.043m 0.032m Case23 0.092m 0.064m 0.069m 0.061m
Case24 0.129m 0.090m 0.074m 0.058m Case24 0.108m 0.099m 0.091m 0.099m
Case25 0.131m 0.081m 0.067m 0.058m Case25 0.097m 0.072m 0.095m 0.10Im
Case26 0.161m 0.115m 0.069m 0.045m Case26 0.103m 0.088m 0.070m 0.053m
Case27 0.144m 0.102m 0.070m 0.048m Case27 0.103m 0.065m 0.061m 0.044m
Case28 0.107m 0.083m 0.055m 0.055m Case28 0.117m 0.108m 0.080m 0.043m
Case29 0.113m 0.074m 0.043m 0.019m Case29 0.102m 0.080m 0.047m 0.031m
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Fig. 10 Z-dir. deformation for seismic load(roof closed condition)
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Fig. 11 Z-dir. deformation for seismic load(roof open condition)
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Fig. 12 Reduced acceleration due to additional damping devices
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