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Optimization of Semi-Active
Control of Seismically Excited

Buildings Using Genetic Algorithms

S. Pourzeynali1;� and T. Mousanejad1

Abstract. In this paper, the performance of semi-active viscous dampers in reducing the response
of tall buildings to earthquake acceleration is optimized using genetic algorithms. Torsional e�ects due
to irregularities exist in the building and due to unsymmetrical placement of the dampers are taken into
account through 3-D modeling of the building. For the numerical example, a twelve-story building is
chosen. The building is modeled as a 3-D frame. The equations of motion of the building with semi-active
viscous dampers, subjected to earthquake acceleration, is written, resolved in state space and the results
are compared with those of the uncontrolled building. Moreover, in order to minimize building responses
such as top story displacement and base shear, the required number and location of dampers are optimized
using genetic algorithms.
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INTRODUCTION

A large amount of energy is imported into a struc-
ture during earthquake ground motion. Conventional
design philosophy prevents collapse by allowing struc-
tural members to absorb and dissipate the transmitted
earthquake energy using inelastic cyclic deformations
in specially detailed regions. Consequently, depending
on the extent of the design, damage to parts or all of the
structure may occur, possibly such that the structure
is no longer repairable.

During the last decades, many control systems
have been developed to enhance safety and reduce
damage to structures during earthquakes [1-3]. These
alternative approaches aim to control the structural
seismic response and energy dissipation demand on
the structural members by modifying the dynamic
properties of the system.

Many research studies have shown that the con-
trol systems are highly e�ective in reducing the re-
sponse of structures subjected to earthquake excita-
tions. Three main categories of these control systems
are passive, semi-active and active devices. Various
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types of control system have been developed and
experimentally veri�ed. A number of them have been
implemented in full scale civil structures [4].

Among these control systems, semi-active control
has received considerable attention from the civil engi-
neering community in recent years [5-8], because it has
the adaptability of active control devices without the
need of large input energy as well as the reliability of
passive devices. Preliminary analytical and experimen-
tal studies indicate that appropriately implemented
semi-active systems perform signi�cantly better than
passive devices [9-12] and have the potential to achieve
or even surpass the performance of fully active sys-
tems [13].

By using a small external power, a semi-active
device dynamically changes parameters, such as either
damping or sti�ness coe�cients, and produces a large
control force [14]. Control forces are developed based
on feedback from sensors that measure the excitation
and/or the response of the structure [15].

To date, many variable semi-active structural con-
trol systems have been proposed and some have been
implemented in real structures. Examples include vari-
able sti�ness devices, Electrorheological (ER) dampers,
Magnetorheological (MR) dampers, semi-active uid
viscous dampers, semi-active tuned mass dampers,
and semi-active tuned liquid dampers. Among these
devices, the use of semi-active uid viscous dampers is
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considered to be a reliable strategy for enhancing the
seismic performance of building structures.

In this paper, the performance of semi-active uid
viscous dampers in reducing the response of buildings
to earthquake excitations is optimized using genetic
algorithms. For this purpose, the building is modeled
as a 3-D frame and, then, by employing an analytical
procedure, the equations of motion of the building with
added semi-active uid viscous dampers are written.
Torsional e�ects due to irregularities exist in the build-
ing and due to the unsymmetrical placement of the
dampers are taken into account through 3-D modeling
of the building. The viscous dampers are modeled by
a linear spring-dashpot connected in parallel. Then,
employing a state-space model and a Linear Quadratic
Regulator (LQR) control algorithm, the responses of a
semi-actively controlled building are obtained.

Furthermore, it is quite important to know that
damper con�guration can have a signi�cant e�ect on
the structural response to earthquake excitations. For
many building structures, the optimal con�guration
of dampers may provide considerable performance
improvement or cost saving. So, in this paper, Genetic
Algorithms (GAs) are used to �nd the optimal number
and distribution of semi-active uid viscous dampers
in the model of the building to minimize building
responses such as top story displacement, acceleration
and base story shear force. For numerical study, a 12-
story building located in the city of Rasht, in Iran, is
chosen.

ASSUMPTIONS

The following simpli�ed assumptions are made in this
study:

a. The building is assumed to have linear behavior
during earthquake excitation and therefore, no
material nonlinearity is considered in the analyses;

b. All oors of the building are assumed to be rigid in
plane and exible for out of plane-bending;

c. The building is modeled as a 3-D frame structure,
having two lateral and one rotational degree(s) of
freedom in the mass center of each oor;

d. The structure is analyzed under two horizontal
components of the earthquake ground motion, si-
multaneously;

e. The behavior of the uid viscous damper is assumed
to be linear.

SEMI-ACTIVE FLUID VISCOUS DAMPER

The force-velocity relationship for a uid viscous
damper is represented as:

F = CV n; (1)

where F is the damping output force; V is the relative
velocity of the piston head; C is damping constant co-
e�cient; and n is a constant exponent, which depends
upon the shape of the piston head. The value of n is
usually between 0.3 and 1.0 [16].

Passive uid viscous dampers were installed in
the newly-constructed San Bernardino County Medical
Center in California as components in the rubber
bearing, seismic isolation system [17].

A semi-active uid damper can be achieved by
adding an external bypass loop, which contains a
controllable valve, to a passive uid damper. The con-
cept of applying this kind of variable-damping device
to control the motion of bridges experiencing seismic
motion was �rst introduced by Feng and Shinozuka [18]
and Kawashima et al. [19]. The behavior of the semi-
active uid damper is essentially similar to a passive
uid damper, except that the semi-active uid damper
has an external valve that connects two sides of the
cylinder and modulates the output force. The output
force is described by [20]:

F = C(t)V n; (2)

where C(t) is the damping time-varying coe�cient.
The maximum capacity (force F ) of the dampers used
in this study is limited to 1000 kN.

In this kind of damper, an adjustable damping
property makes it capable of generating a wide range
of damping forces. Since this is a small power or source
just used for closing or opening the external valve, it
can produce a very large damping force without the
need of large input energy and can, therefore, operate
on batteries. Shaking table tests indicate that this
type of semi-active device can signi�cantly increase
the energy dissipation capability of structures with low
damping [21].

The �rst full implementation of a semi-active
uid viscous damper was on the Walnut Creek Bridge
on Interstate Highway I-35, in Oklahoma, in order
to reduce vehicle-induced vibrations [22]. A similar
device has also been studied by Constantinou and
Symans [23]. Also, Kurata et al. installed full-
scale semi-active uid viscous dampers in a �ve-story
steel structure in the Kajima, Shizuoka building in
Shizuoka, Japan. More recently, these dampers have
been installed in some new buildings in the Tokyo
Siodome area [24]. Response analysis has shown that
this system can signi�cantly reduce both story shear
forces and drifts [14].

SEMI-ACTIVE CONTROL OF BUILDINGS
WITH FLUID VISCOUS DAMPERS

In this paper, the response analysis of a three di-
mensional (3-D) model of multi-story buildings with
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added semi-active uid viscous dampers is studied.
Therefore, torsional e�ects due to irregularities exist
in the building and due to unsymmetrical placement of
the added dampers can be taken into account.

For buildings subjected to multi-component
earthquake excitations, the equation of motion (with-
out any damper) is represented as [25]:

M�U + C _U + KU = �Ml�Ug(t); (3a)

�Ug(t) =

8<:�ugx(t)
�ugy(t)

0

9=; ; (3b)

where M, K, and C are structural mass, sti�ness,
and damping matrices, respectively; U, _U, and �U are
displacement, velocity and acceleration vectors; l is the
N � Ng inuence matrix; �ugx and �ugy are earthquake
ground accelerations in x and y directions, respectively;
and N and Ng are the number of DOFs of the super-
structure and support-excitation components, respec-
tively.

Semi-active uid viscous dampers can be designed
for both new and existing buildings. They are installed
between oors in connection with diagonal members or
tied into chevron braces. In the present study, dampers
are placed in diagonal braces.

The dynamic behavior of these kinds of damper
can be expressed by a variable damping coe�cient,
C(t), and an elastic spring in parallel. Their behavior is
represented by considering two degrees of freedom per
node in the global coordinates (Figure 1a) [26], and
by assuming the oors are to be rigid. When the jth
semi-active uid viscous damper is connected with a

diagonal brace between (i � 1)th and ith oors on a
x�z plane, its lateral displacement on the ith oor and
in the x direction can be represented as (Figure 1b):

(ujx)i = (eyj)i(u�)i + (ux)i; (4)

where (eyj)i is the o�set of the jth damper from the
mass-center of the ith oor in a x direction; (ux)i and
(u�)i are the lateral displacement in x direction and
rotational displacement about the z axis, both for the
mass-center of the ith oor, respectively. For a damper
placed on the y� z plane, Equation 4 is to be changed
to:

(ujy)i = (exj)i(u�)i + (uy)i; (5)

where (exj)i is the o�set of the jth damper from the
mass-center of the ith oor in the y direction; (uy)i and
(u�)i are the lateral displacement in the y direction and
rotational displacement about the z axis, both for the
mass-center of the ith oor, respectively.

Based on Equations 4 and 5 and condensing
vertical degrees of freedom, the time-varying damping
matrix, CDj(t), of the jth damper placed on the x� z
plane can be written as:

CDj(t) = cdj(t)�2664 cos2 � � cos2 �
� cos2 � cos2 �

(eyj)i�1 cos2 � �(eyj)i�1 cos2 �
�(eyj)i cos2 � (eyj)i cos2 �

(eyj)i�1 cos2 � �(eyj)i cos2 �
�(eyj)i�1 cos2 � (eyj)i cos2 �
(eyj)2

i�1 cos2 � �(eyj)i(eyj)i�1 cos2 �
�(eyj)i�1(eyj)i cos2 � (eyj)2

i cos2 �

3775 ;
(6)

Figure 1. Degrees of freedom for uid viscous damper and rigid diaphragm assumption.
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where cdj(t) is the variable damping coe�cient of the
jth damper, and � is the angle of the damper with
a horizontal axis. It is noted that the CDj(t) matrix
is written on the basis of the super-structure, mass-
center degrees of freedom (DOFs); (ux)i�1, (u�)i�1,
(ux)i, (u�)i (refer to Figure 1b).

Then, by assembling the condensed matrix of each
damper into the total structural damping matrix of the
building, the equation of motion of the building with
added uid viscous dampers can be obtained. By using
this method, when damper j is added to a diagonal
brace of the building, between (i�1)th and ith oors on
the x� z plane, time-varying damping forces produced
in lateral and rotational degrees of freedom of (i�1)th
and ith oors, respectively, can be evaluated as:

(fx)i�1 = cdj(t) cos2 �[( _ux)i�1 � ( _ux)i

+ (eyj)i�1( _u�)i�1 � (eyj)i( _u�)i]; (7a)

(fx)i = cdj(t) cos2 �[�( _ux)i�1 + ( _ux)i

� (eyj)i�1( _u�)i�1 + (eyj)i( _u�)i]; (7b)

(f�)i�1 = cdj(t) cos2 �[(eyj)i�1( _ux)i�1

� (eyj)i�1( _ux)i + (eyj)2
i�1( _u�)i�1

� (eyj)i(eyj)i�1( _u�)i]; (7c)

(f�)i = cdj(t) cos2 �[�(eyj)i( _ux)i�1 + (eyj)i( _ux)i

� (eyj)i�1(eyj)i( _u�)i�1 + (eyj)2
i ( _u�)i]: (7d)

So, the equation of motion of the building with one
added damper can be expressed as:

M�U+C _U+

8>>>>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>>>>:

0
...
0

(�1)i�1
(+1)i

0
...
0

�(ey)i�1
(ey)i

0
...
0

9>>>>>>>>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>>>>>>>>;
3n�1

fj+KU=�Ml�Ug(t);
(8)

where fj is the damping force of the jth damper
installed in a diagonal brace with the angle of � to
the horizontal axis and de�ned in Equation 7b.

Equation 8 can also be written as:

M�U + C _U + KU = dfj �Ml�Ug(t); (9)

where d is implicitly given in Equation 8.
Equation 9 relates to the case when only one

damper, j, is added to the building. The generalized
form of this equation, when m and k dampers are used
in x and y directions, respectively, is represented as:

M�U + C _U + KU = DF�Ml�Ug(t); (10)

where matrix D is obtained according to the numbers
and placement of the dampers and represented as [27]:

D =

266666666666666666666666666666666666666666666666664

�1 0 � � �
0

...
... 1

. . .
�1
0 1

... � � � �1 0
�1
0
...

...

0
�(ey1)1 0 � � � 0 �(ex1)1

0
...

... 0
... (eyj)i�1 0

...

�(eyj)i
. . .

0
... (eym)11

0 0 �(eym)12 0

� � � 0
...

� � � 0
0 � � �
0

1
. . .

�1
0 1
� � � �1
0 � � � 0
...

(exj)i�1

�(exj)i
. . .

0
... (exk)11
0 �(exk)12

377777777777777777777777777777777777777775
3N�(m+k)

; (11)

and vector F includes all the forces produced by
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dampers, given as:

F =

8>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>:

fx;1
fx;2

...
fx;m�1
fx;m
fy;1
fy;2

...
fy;k�1
fy;k

9>>>>>>>>>>>>>>>>=>>>>>>>>>>>>>>>>;
(m+k)�1

: (12)

In order to solve Equation 10, it is written in state-
space form as:

_Z = AZ + HF + BW; (13)

where A is the state matrix; F is the time-varying
damping control force vector; Z is the space vector; and
W is the disturbance vector. Variables in this equation
are de�ned in the following:

A =
�

0 I
�M�1K �M�1C

�
; B =

�
0
I

�
;

W = �l �Ug(t); Z =
�

U
_U

�
;

H =
�

0
M�1D

�
; (14)

where 0 is a zero matrix, and I is an identity matrix.
In the semi-active control of the buildings, damp-

ing forces are produced based on feedback from sensors
that measure the excitations/response of the structure,
and with a damping command from the computer [15].

In this study, the Linear Quadratic Regulator
(LQR) control algorithm is used to design the damping
command. In this algorithm, the control force is found,
such that the performance index, J , is minimized [14]:

J =
1Z

0

(ZTQZ + FTRF)dt; (15)

where:

Q =
�
Qv 0
0 0

�
; Qv = diag(1);

R = 10�qdiag(1); (16)

where q is a weighting coe�cient and should be cal-
culated for the building. In the numerical analysis,
it is shown that by increasing the value of q, the
responses of the building decrease, while the damping

force increases. Since the maximum capacity of the
dampers used in this study is limited to 1000 kN, the
optimal value of q should be obtained.

The minimization of the performance index, J ,
results in a control force vector of [14]:

F = �R�1BTPZ = �GZ;

G = R�1BTP =
�
Gd Gv

�
; (17)

in which matrix G is a feed-back gain, full matrix, with
respect to the displacement and velocity. But, since
the gain with respect to the displacement is negligible,
velocity feed-back control is adapted and, therefore
Gd = 0 [14].

Also, P is the solution of the algebraic Riccati
equation shown as [14]:

PA + ATP + Q�PBR�1BTP = 0: (18)

Substituting Equation 17 into Equation 13, the state-
space equation is written as:

_Z = (A�HG)Z + BW: (19)

GENETIC ALGORITHMS

Genetic Algorithms (GAs), �rst proposed by Hol-
land [28], are very e�ective and powerful stochastic
search engines, based on the mechanism of natural
selection and natural genetics processes that drive bio-
logical evolution. They can be used for solving a variety
of optimization problems that are not well suited for
standard optimization algorithms including problems
in which the objective function is discontinuous, non-
di�erentiable, stochastic or highly nonlinear.

In civil engineering design, especially in designing
complex structures, optimization has a special impor-
tance and value. Basically, the optimization process
�nds a set of quantities for design parameters that yield
optimal values of objective functions. Most optimiza-
tion methods used in the design of structural vibration
control systems are traditional, gradient-based search
techniques. However, for these techniques, there are
di�culties, both in selecting a suitable continuously
di�erentiable cost function as well as incorporating
the nonlinearities involved in the problem. Compared
to these gradient-based methods, Genetic Algorithms
(GAs) are very simple and powerful optimal search
techniques, because GAs do not need a continuous and
di�erentiable function to solve the problem, and are
able to take into account the nonlinearities (if any) of
the problem [29].

The genetic algorithms start from an initial popu-
lation of individuals and repeatedly modify them. Each
individual in the population is called a chromosome,
representing a possible solution to a given problem.
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Each chromosome is assigned a �tness score, according
to how good a solution to the problem it is [30]. At each
generation, GAs select highly �t individuals at random
from the current population to be parents and uses
them to produce the children for the next generation.
Over successive generations, the population evolves
toward an optimal solution.

The GAs use three main operations to create the
next generation from the current population: selec-
tive reproduction, crossover, and mutation. In every
generation, a set of strings is selected into the mating
pool, based on its relatives' �tness. The �tter strings
are given a better chance of passing their genes into
the next generation. This process of natural selection
is operated by selective reproduction. The crossover
operation combines two parents and changes their
genes to form new strings for the next generation. The
mutation operation also applies random changes to the
selected genes in the new generation [31].

The crossover operation used here is a one-cut-
point, which randomly selects the cut point and ex-
changes the right parts of the parents to generate new
strings. The probability of crossover is set as Pc = 0:25;
thus, in average 25% of chromosomes undergo the
crossover process.

Mutation alerts one or more genes with a proba-
bility equal to the mutation rate. In this study, the
probability of mutation is set as Pm = 0:01; thus,
in average 1% of all bits of the population undergoes
mutation.

NUMERICAL STUDY

In this study, for investigating the performance of
semi-active uid viscous dampers on the control of
civil engineering structures subjected to earthquake
excitations, a realistic 12-story building located in the
city of Rasht, in Iran, is considered as a numerical
problem. A typical oor plan of this building is
shown in Figure 2. This building is a steel structure
with braced frame systems and its height is about
33.0 m.

For this building, the mass and sti�ness matrices
are calculated using the matrix analysis procedure.
The damping matrix of the building is also constructed
from a linear combination of the mass and sti�ness

Figure 2. Typical oor plan of the building outline.

matrices (Rayleigh method). To calculate the propor-
tionality coe�cients, modal damping ratios of the �rst
and middle modes are assumed to be about 5% of the
critical values.

The building is analyzed for 15 earthquake ac-
celeration records. Among these, 5 accelerograms are
selected and scaled, according to the International
Building Code (IBC) 2006 [32] for the design of seismic
resistant buildings, and used for time history analysis of
the building. More details of the 5 scaled accelerograms
are given in Table 1.

First, by considering 22 semi-active uid viscous
dampers, the building is analyzed for the 5 scaled
records. Figure 3 shows the placement of these
dampers throughout the building. Dynamic charac-
teristics of these dampers are given in Table 2 [14].

For determining the weighting coe�cient, q, in
the LQR control algorithm (Equation 16), q is varied
from 4 to 10 and the maximum values of acceleration,
displacement, story shear, and damping force are
calculated for �ve selected values of q over the above
range (Figure 4). The results show that by increasing
values of q, the responses of the structure decrease but
the damping force increases (Figure 4). So, because
of limitation in the damping force (Table 2), q = 9 is
chosen in this analysis as the optimal value of q.

Table 1. Five acceleration records used for time history analysis.

Earthquake Date Station Magnitude (Ms) PGA (g) Duration (sec) Data Source

Northridge, California 1994/01/17 Montebello 6.7 0.128 21.82 USC

Chi-Chi, Taiwan 1999/09/20 CHY041 7.6 0.639 90.0 CWB

Imperial Valley, California 1979/10/15 El Centro 6.9 0.221 39.54 USGS

Kocaeli, Turkey 1999/08/17 Ambarli 7.8 0.249 150.39 CWB

Manjil, Iran 1990/06/20 Roudsar 7.7 0.093 21.88 NEIS
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Figure 3. Con�guration of dampers.

Table 2. Characteristics of the dampers [7].

Maximum Damping Force 1000 KN

Maximum Damping Coe�cint 200 KN sec/mm

Minimum Damping Coe�cint 1 KN sec/mm

Weight of Damper 1300 kg

By considering the above value for q and using
MATLAB software, the equation of motion of the
building with dampers is resolved and the maximum
responses of the building are calculated for the �ve
scaled earthquake acceleration records.

According to the standard IBC 2006 [32], in a
time history analysis, if the number of earthquake
acceleration records is less than 7, the maximum

response of the building is to be chosen as the building
response. Maximum responses of the building for �ve
scaled earthquake accelerations are shown in Figure 5.
As seen from the �gure, displacements of the building
are considerably reduced. In this case, the maximum
reduction of top story displacement, acceleration and
base shear force are about 63%, 38% and 40%, re-
spectively. So, it is seen that semi-active uid viscous
dampers are very e�ective in reducing the building's
seismic responses.

E�ect of Placement of Dampers on the
Building's Responses

For investigating the e�ect of damper placement on
building responses, 22 dampers are placed in 3 di�erent
locations in the building, as follows:

a. All dampers are monotonically distributed in the
height of the building (Figure 3);

b. All dampers are placed in the upper oors of the
building (Figure 6);

c. All dampers are placed in the lower oors of the
building (Figure 7).

The building is analyzed for �ve scaled earthquake
accelerations for the above three cases. In Figure 8, the
maximum responses of the building for the Northridge

Figure 4. Maximum responses of the building for di�erent values of q.
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Figure 5. Maximum response of the building for �ve
scaled earthquake accelerations.

Figure 6. Con�guration of dampers for case III.

Figure 7. Con�guration of dampers for case IV.

earthquake are shown. The results show that maxi-
mum displacement responses of the building are more
sensitive to the location of the dampers, while the
story shear forces are less sensitive to this parameter.
Therefore, in order to study further the e�ect of this
parameter on building responses, the location of the
dampers is optimized in the next section, using genetic
algorithms.

Optimization of the Location and Number of
Dampers Using Genetic Algorithms

In this section, using genetic algorithms, the required
number and location of dampers are optimized to mini-
mize the building's top story displacement, acceleration
and base shear force.

In the example building, braces are located in axes
1, 2, 4, 5, 7, A, B, and D. Among these axes, those
placed far from the center of mass are more proper for
placing dampers, because, according to Equations 7a
and 7b, damping force is directly related to ex or ey,
and by increasing the values of ex or ey the amount
of damping force increases. Thus, axes 1, 7, A and
D are selected for placing the dampers and, therefore,
44 positions are available for this purpose. In order to
model the location and number of dampers in the GA
procedure, a variable X(i) is considered to show the
presence of a damper in location i (Figure 9). X(i) is 1
when a damper is placed at location i, otherwise, X(i)
is 0. The values of X(i) make a location matrix, L [27].
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Figure 8. Maximum responses of the building in the Northridge earthquake for di�erent location of dampers.

Figure 9. Assigned variables X(i) to the position of dampers.

The objective function is represented as:

g = min

264 umax;c
umax;u

� 100� 50
�umax;c
�umax;u

� 100� 65
Vmax;c
Vmax;u

� 100� 65

375
max

; (20)

in which umax and �umax are the building's top story
maximum displacement and acceleration, respectively;
Vmax is the maximum base shear; and subscripts c and
u denote the controlled and uncontrolled values. In
de�ning the objective function, it is assumed that the
upper limit of the reduction factors (ratio of controlled

to uncontrolled responses) for the maximum displace-
ment, acceleration, and base shear of the building are
to be about 50%, 65% and 65%, respectively.

According to above de�nition, and using the GA
procedure, the optimized con�guration of dampers is
determined for 15 di�erent earthquake acceleration
records, mentioned in previous sections. It should
be noted that for the GA optimizer, the following
parameters are chosen:

Number of chromosomes = 50,
Number of generations = 300,
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Probability of crossover, Pc = 0:25

Probability of mutation, Pm = 0:01.

In Figure 10, the performance of the GA is shown
for the Coalinga earthquake. According to the results
obtained for the previously mentioned 15 earthquakes,
the optimized location and number of dampers are
obtained. The GA is performed for one earthquake
acceleration record at each time, and the results of
the location of the dampers, for all 15 acceleration
records, are shown in Table 3. In this table, for a given
earthquake acceleration, `1' indicates the presence of
a damper at location X(i), otherwise no damper is
considered at that location. The �nal decision for
damper placement is made based on the results of
Table 3. For any location, if the number of 1 is more
than 0, then one damper is considered at that location,
otherwise no damper is chosen for that location.

Finally, based on the above procedure, 25
dampers are selected in optimal locations, and shown
in Figure 11.

Moreover, in order to show the e�ectiveness of

Figure 10. Performance of GA for Coalinga earthquake.

Figure 11. Optimized location of dampers using GA
optimizer.

the optimized number and location of dampers, av-
erage values for the building's top story maximum
displacement, acceleration and base shear force for
the 15 earthquake accelerations are calculated for the
following 4 cases and compared in Table 4:

I. There are no dampers on the building (uncon-
trolled response);

II. The building is controlled with 25 dampers all
placed in their optimal positions (Figure 11);

III. The building is controlled with 22 dampers all
placed in the upper oors of the building (Fig-
ure 6);

IV. The building is controlled with 22 dampers all
placed in the lower oors of the building (Fig-
ure 7).

The results show that although, in point of top
story displacement view, case III is more e�ective, it
is not able to reduce the base shear force e�ectively.
By comparing the results given in Table 4, it can
be concluded that case II, in which the number and
location of dampers are optimized using the GA, is in
general more e�ective in reducing building responses.

CONCLUSIONS

In this paper, the performance of semi-active uid
viscous dampers on the reduction of seismic responses
of building structures is optimized using genetic algo-
rithms. For this purpose, a realistic 12-story building
located in the city of Rash, in Iran, is considered
as a numerical problem. Equations of motion of a
three-dimensional (3-D) model of the building, with
added semi-active uid viscous dampers, are written
using an analytical procedure. Semi-active dampers
are modeled by a linear spring-dashpot connected in
parallel. For time history analysis of the building, 5
earthquake acceleration records are chosen, corrected
for base-line errors, �ltered for unwanted noise, and
scaled based on the IBC 2006 standard. Then, using
MATLAB software, the equations are resolved in state-
space and the controlled and uncontrolled responses of
the building are obtained.

Moreover, using genetic algorithms, the required
number and location of dampers are optimized to
minimize buildings' responses such as top story dis-
placement, acceleration and base shear force. From
the results of numerical study, it is found that:

1. Semi-active uid viscous dampers are very e�ective
in reducing the building's seismic responses. For the
example building, a reduction of 74% is obtained on
building a top story horizontal displacement.

2. In the LQR control algorithm, by increasing weight-
ing coe�cient q, the responses of the structure
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Table 3. Results of GA performance for damper locations for 15 earthquake acceleration records.

Earthquake Acceleration Records

Damper
Locations
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n

Final
Decision

x(1) 1 0 0 1 1 1 0 1 1 1 0 1 1 0 0 1
x(2) 1 1 1 0 1 1 1 1 0 0 1 1 0 1 0 1
x(3) 1 0 0 1 1 1 1 1 1 1 0 1 1 0 1 1
x(4) 1 1 1 1 0 1 1 1 1 1 1 0 1 0 0 1
x(5) 0 0 1 0 0 1 0 0 1 1 0 0 0 0 0 0
x(6) 0 0 0 1 0 1 0 0 0 0 1 0 0 1 0 0
x(7) 0 1 0 1 1 1 0 1 1 0 1 0 0 1 1 1
x(8) 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0
x(9) 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
x(10) 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0
x(11) 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
x(12) 0 0 1 1 0 0 0 1 0 0 0 1 1 0 1 0
x(13) 0 1 0 1 1 1 0 1 1 1 1 1 1 1 0 1
x(14) 0 1 1 0 0 1 0 1 1 1 0 0 0 0 0 0
x(15) 1 0 0 1 1 1 0 1 1 1 1 0 0 1 0 1
x(16) 1 0 1 1 0 1 1 1 1 1 1 0 0 1 0 1
x(17) 0 1 0 1 0 0 1 0 1 1 0 0 0 0 0 0
x(18) 1 0 0 1 1 1 0 1 1 0 1 1 0 0 1 1
x(19) 0 0 1 0 1 0 0 0 1 0 0 0 1 0 1 0
x(20) 0 1 1 1 0 1 0 0 0 0 1 0 1 1 1 1
x(21) 1 0 0 0 1 1 0 0 0 0 1 0 0 1 0 0
x(22) 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0
x(23) 0 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1
x(24) 1 0 1 1 0 1 1 1 1 1 0 1 1 0 1 1
x(25) 0 1 0 1 1 0 1 1 1 1 0 1 1 0 1 1
x(26) 1 1 1 1 0 1 1 1 0 1 1 1 1 0 1 1
x(27) 1 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1
x(28) 0 0 0 0 1 1 1 0 0 0 0 0 0 1 1 0
x(29) 0 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0
x(30) 1 1 1 1 0 1 1 0 1 1 0 1 0 1 0 1
x(31) 0 0 0 1 0 1 1 0 0 0 0 0 0 1 0 0
x(32) 0 0 0 1 1 1 1 0 0 0 0 1 1 1 0 0
x(33) 0 1 0 0 0 1 0 1 1 0 1 0 0 1 0 0
x(34) 1 1 1 1 0 1 0 1 1 1 1 1 1 1 0 1
x(35) 1 1 0 0 1 1 1 1 1 1 0 1 0 0 1 1
x(36) 1 1 1 0 0 1 0 1 1 1 1 1 1 1 1 1
x(37) 0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1
x(38) 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1
x(39) 1 0 1 1 1 1 1 0 1 1 0 1 1 0 1 1
x(40) 1 1 0 1 1 1 1 1 0 1 1 0 0 0 1 1
x(41) 1 1 1 1 1 1 1 0 1 0 1 0 0 1 0 1
x(42) 1 0 1 1 1 1 1 1 1 0 1 0 0 1 0 1
x(43) 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0
x(44) 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0
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Table 4. Responses of the building and their reduction ratio for four cases.

Responses of the Building I II III IV

Top story displacement (cm) 12.3 3.2 2.9 5.2

Top story displacement reduction ratio 74.0 % 76.4 % 57.7 %

Top story acceleration (m/sec2) 5.04 3.31 3.4 3.35

Top story acceleration reduction ratio 34.3 % 32.5 % 33.5 %

Base shear force (KN) 4047 2819 3405 3066

Base shear force reduction ratio 30.3 % 15.9 % 24.2 %

decrease, while the damping force increases. Due to
the upper limitation of the damping force, q cannot
be chosen as more than a speci�c value. For the
example building, q is obtained to be about 9.

3. The location of dampers can have a signi�cant e�ect
on the response of the structures. Placing the
dampers in the upper oors of the building e�ec-
tively reduces the building's top story displacement,
but they are not able to further reduce the base
shear force by much. As well, placing the dampers
in the lower oors of the building e�ectively reduces
the base shear force, but does not have much e�ect
on reduction of the building top story displace-
ments. Therefore, the optimal number and location
of the dampers can be evaluated using the GA to
simultaneously reduce both the building's top story
displacement and base shear force.
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