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Fig. 1. Multi-story shear building model with a tuned mass
damper
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Storey Stiffness Damping Mass

number  (N/m)x10°  (N.sec/m)x10®  (N.sec’/m)
1 6.247 805.863 179000
2 5.226 674.154 170000
3 5.614 724.206 161000
4 5.302 683.958 152000
5 4.991 643.839 143000
6 4.679 603.591 134000
7 4.367 563.343 125000
8 4.055 523.095 116000
9 3.743 482.847 107000
10 3.431 442.592 98000

Table 1. The properties of studied building [28]

1Multi-objective particle swarm optimization
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Constraint Arias Intensity [31] PGA
scenario (m/sec*®) (m/sec?)

First 7.49 10.06

Second 4.84 4.59

Table 4. Critical earthquakes data for different considered
constraints scenarios
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Fig. 2. The computed critical earthquakes based on considered
constraint scenarios

Founer spectrum (m/sec)

11N

012 s 1
Frequency (Hz)

\
ol
0 s

1o/

Gille 1l g5 S (555 2 o3l bl slaal 15 SAsS LY g

[30] Ol YA+ + skl b

Earthquake Shear Comp. PGA Energy
wave (misec®)  (m/sec'®)
velocity
(m/sec)
Ahar- 475 L 5.32 3.34
Varzaghan
T 5.30 3.57
Bam 499 L 7.99 7.22
T 6.36 5.65
Manjil — 660 L 6.35 5.35
Rudbar T 5.46 750
Zanjiran 680 L 10.06 6.43
T 10.00 7.28
Naghan 700 L 8.72 451
T 5.65 3.34
Van Dyke 658 L 5.13 1.295
T 3.74 0.9984

Table 2. The information of selected recorded earthquake on
type 1l soil based on 2800 Iranian code [30]

SRSV g -1-0
Gllae 3 S 5 Sl Glad 3l sanle )
s Il a5 s ad e a S Ls (V) Jade
slaad iy as Ly d o olssl gl S a3 V-
Lo slls wdige sla S5y il sddasln Jl o
el bl b sl asds s odl> sladil;
= a5 sl el Gl e A adads 5|
4..:_.....:4 J\_:_.é 92 .k_,w_,: C,_E.;j.?- o= J\d‘o.L.:: u[:ﬁ.’;l ‘C_,\-w‘
23 Sl s slanl co i s G55 s okl
Co e opl gy b gaals Cib Ul bu g 5 Ol (el
sladJi L Glas gl sl Gl 2 0 5 (gos > o

s o Jlasl 42248 s eb\bC)

eldan § Ly o V- ¥ Jgd

Constra_mt Considered constraints
scenario
First Energy + PGA
Second UBFAS'+ PGA + Energy

Table 3. Considered constraint scenarios

1Upper Bound Fourier Amplitude Spectrum
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Critical Maximum roof Maximum
Earthquake displacement roof
(m) acceleration
(m/sec?)

First constraint 0.72 14.17
scenario

Second constraint 0.50 7.66
scenario

Table 5. The maximum values of displacement and
acceleration for uncontrolled building subjected to computed
critical earthquakes based on different constraint scenarios
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Il;guwnedr [L)Jé)tfr?(; Parameter
1x10° 5x10° cq (N.sec/m)
2x10° 6.2x10° kg (N /m)
5x10" 3.5x10° mq (N.sec?/m)

Table 6. The upper and lower bounds for the parameters of
tuned mass damper in the structure subjected to induced
critical earthquake for constraint type 1
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Lower Upper
bound bound Parameter
s 5 cq (N.sec/m)
1x10 3x10
6 6 I(d (N /m)
2x10 4.2x10
. s mg (N.sec?/m)
5x10 1.5x10

Table 7. The upper and lower bounds for the parameters of
tuned mass damper in the structure subjected to induced
critical earthquake for constraint type 2
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Critical kg Cy My
earthquake (N /m) (N.sec/m)  (N.sec’/m)
First scenario
(minimum roof ¢ 1x10° 3.5x10°
displacement)
First scenario
(minimum roof -, 54, 10° 1x10° 35x10°
acceleration)
Second scenario
(minimum roof 2 %10° 18114x10°  1.5x10°
displacement)
Second scenario
ini 6
(minimum roof ¥ 10 3x10° 15x10°

acceleration)

Table 8. The optimum values for parameters of tuned mass
dampers
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Fig. 3. The Pareto front for critical earthquake induced by
constraint type 1
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Maximum Maximum
Earthquake roof . . roof
acceleration  displacement
(m/sec?) (m)

First scenario (minimum
roof displacement)
First scenario (minimum
roof acceleration)
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Abstract:

Controlling the maximum acceleration and displacement of the roof within the acceptable range is important
and essential. In order to control structures, a number of control systems have been introduced that are
categorized into four system including active, passive, semi active and hybrid system. One of the most used
passive systems is the tuned mass damper system which is placed on the roof of structure for controlling the
behavior of building. In addition, the optimization of structures subjected to the earthquake load is an
essential task for the safe and economic design of structures. It must be noted that earthquakes are random
phenomena and the precise prediction of forthcoming events is a hard task. However, in seismic design
codes, the static and modal seismic methods for the seismic design of structures are adopted by the design
spectrum produced based on previous earthquakes. Hence, in order to overcome this problem, the concept of
critical excitation as a robust method has been presented and developed to generate worst—case critical
excitations. The critical excitation method have been presented in the framework of an optimization problem
to maximize the structural responses subjected to some constraints. In this paper, an effective method is
presented to determine the optimum values for the parameters of the tuned mass damper system subjected to
critical earthquakes. The critical earthquakes are unique and are computed based on the dynamical properties
of the structure. For this purpose, based on the obtained information from the past occurred earthquakes the
critical earthquakes of a ten story shear building are established subjected to the constraints. The constraint
scenarios include some computable properties of the ground motion such as energy, peak ground
acceleration an upper bound Fourier amplitude spectrum. In fact, in this stage, to compute the critical
earthquakes an inverse nonlinear constraint optimization problem must be solved for each time step. Then,
the building equipped by a tuned mass damper system at roof of the structure (controlled building) is
considered and the optimal design of tuned mass damper subjected to critical earthquakes are implemented.
The maximum absolute displacement and acceleration of the roof are considered as the objective functions.
Finally, among the computed earthquakes, one of them which produces the maximum objective functions is
selected as the critical earthquake. In the optimization procedure, the mass, damping and stiffness of the
tuned mass damper (TMD) system are adopted as the design variables. Multi-objective particle swarm
optimization method is used to optimize the parameters of the tuned mass damper system. Since, the optimal
design of the tuned mass damper system is presented as a multi-objective optimization problem, a set of
optimal solutions are obtained. Numerical examples demonstrate the ability and efficiency of the proposed
method in the optimal design of the tuned mass damper system subjected to the critical earthquakes. In
addition, the numerical results show that the maximum absolute values of the displacement and acceleration
of the roof efficiently decreases when the building is controlled by the optimum tuned mass damper system.
Also, the results show that the severe earthquake needs a bigger mass for tuned mass damper in order to
control the displacement and acceleration of the roof.

Keywords: Critical excitation, Tuned mass damper, Multi-optimization, Particle swarm optimization
method.
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