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ABSTRACT

In the area of semi-active control of civil strugts, Magneto-Rheological (MR) damper has
been an efficient mechanism for reducing the seisesponse of structures. In this paper,
an effective method based on defining an optimizagiroblem for designing MR dampers
has been proposed. In the proposed method, thenptees of semi-active control system
are determined so that the maximum response oftataiis minimized. To solve the
optimization problem, the Genetic algorithm (GA)Haeen utilized. The modified Bouc-
Wen model has been used to represent the dynarhiavioe of MR damper while to
determine the input voltage at any time step, tigped optimal control algorithm with
LQR controller has been applied. To evaluate thopmance of the proposed method, a
ten-storey shear frame subjected to the El-Centcdaion and for two different kinds of
objective functions, optimal MR dampers have beesighed. Then the performance of
optimal MR damper has been tested under diffeneitations. The results of the numerical
simulations have shown the effectiveness of th@gsed method in designing optimal MR
dampers that have the capability of reducing tepaase of the structures up to a significant
level. In addition, the effect of selecting a progdjective function to achieve the best
performance of MR dampers in decreasing differesponses of structure has been shown.

Received: 12 June 2014; Accepted: 20 September?2014

KEY WORDS:semi-active control; MR damper; optimal desigmege algorithm; clipped
optimal control algorithm.

1. INTRODUCTION

In the traditional approach of structure designcpoure, structures are designed to resist
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against lateral loads such as wind and earthquglerdducing the required strength and
ductility. In the new approach, to increase theetyatind maintenance of buildings the
technology of seismic control of structures hasnbseggested that provides new ways to
protect structures against natural hazards.

In the seismic control of structures field, seminae control mechanism can be defined
as a system that called adjustable passive cosysiem and mostly needs a very small
external power source to run where the controlddscgenerated based on the feedback
obtained from sensors. In fact, the semi-activetrobrsystems have the features of active
control systems (ability to adapt to loading cowais) and of passive control systems
(absorbing or dissipating the force) together. €f@e semi-active control mechanisms are
very efficient in reducing the power consumptiord aliable in dissipating the input
vibration [1]. Dampers with controllable fluid arexamples of semi-active control
mechanisms where the viscosity of the fluid witthe damper is changeable and it causes
the hardness and yielding strength to be changedgithe time.

Magneto-Rheological damper is categorized as thbgrsup of dampers with
controllable fluid and often use MR smart fluid thigenerally consists of micron particles
suspended in a viscous fluid. When the MR fluidxposed to a magnetic field, the particles
in the fluid polarized and the fluid shows viscasdicity, this causes resistance to flow.
Under the magnetic field, the fluid is changed frarfinear viscous fluid with a free flow
into a semi-solid material, within a few milliseam[2]. By changing the magnetic field
intensity using an algorithm, the control force geted by MR damper can be adjusted
correspondingly.

Several studies have been conducted by researncherder to understand and develop
the potential of MR dampers in reducing vibratiahge to wind and earthquake which
include evaluating the performance of dampers iduceng the seismic responses,
developing control algorithms and suggesting meidahnmodels for representing the
dynamic behavior of MR dampers. In some researdiBsglamper was combined with base
isolation system to enable the isolation systewpierate more appropriately under strong or
moderate vibrations [3-5]. Johnson et al. [6] udeIMR damper to reduce the vibration of
the cables induced with wind. Spencer et al. [8] @hd Yang et al. [9-12] developed and
introduced some models to represent the dynamiavb@hof MR dampers and evaluate its
performance. Other researches include developirg lond of MR dampers for base
isolation system [13], modeling MR dampers withfaial neural networks [14], studying
the fuzzy based model for these dampers [15] akasetvaluating the performance of MR
dampers in seismic control of bridges [16] andcttrees [17].

Different algorithms have been proposed in litematio be used for semi-active control
of structures which some of them have been apptiei®signing MR dampers [18-23]. The
effectiveness of the clipped optimal control alum for designing MR dampers has been
proved based on the results of numerical simulatad experimental researches [18].

In researches conducted on the MR damper systemtlymihe performance of MR
dampers in controlling the response of differenidkof structures such as building structure
and bridges has been studied using a semi-activigot@lgorithm or in some studies new
control algorithm has been suggested and its effgetss has been evaluated. In addition, in
some researches, different models have been sedgestepresent the nonlinear dynamic
behavior of MR dampers. In previous investigatiodficient attention has not been paid
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for optimal design of the MR damper including op#ation of its parameters as well as
semi-active control algorithm parameters while ¢ghparameters affect the performance of
MR damper seriously. Therefore, it is need to deiee a proper set of variables to achieve
the best efficiency. Also in previous studies, éfffect of designing criterion on MR damper
performance has not been considered in detail wigleuld change the effectiveness of MR
damper in reducing a specified response of stracflio overcome these shortcomings, in
this research, it has been decided to study thienaptlesigning of MR dampers in detalil
while different kind of objective functions has beeonsidered as design criteria. To this
end, a method based on optimization problem has pemosed for designing MR dampers
where the parameters of semi-active control algoriend MR damper are considered as
design variables while the minimization of struetuesponse has been defined as objective
function. To solve the nonlinear optimization pel, the genetic algorithms (GAs) has
been used.

In the following section, the mechanical model dRMamper and structure-MR damper
equation will be presented, next the optimal degigrcedure explanation will be followed
by a numerical example.

2. MODIFIED BOUC-WEN MODEL

To study MR damper properties in applications, alehanust be developed that could
accurately represent the behavior of the dampeg. Bbuc-Wen mathematical model was
first presented by Wen [24] in 1976 that is abledpresent a variety of hysteric behaviors.
In 1997, Spencer et al. [2] have developed this eh@thd presented a new mechanical
model for MR damper dynamic behavior in order tgiave the behavior of force-velocity
in Bouc-Wen model as shown in Figure 1.

¥ x
.
Bouc-Wen
3=
4

AAAARANRRRNRNNRY

N

Figure 1. Simple mechanical model of the MR damper

In this model, the force generated by MR damperbeEanalculated using equation (1):

F=az+co(X—y) +ko(X—y) + k(X = %p) (2)
Where the evolutionary variable Y and the internal displacement of the damper 4re
obtained from the following equations
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In these equation, is the stiffness added to the system by accunmilajcandc, are
the viscous damping at high and low velocitiespeetively. k, is the stiffness at high
velocities x, is the initial displacement of the spritkkgand x is the damper displacement.

The relationship between damper parameters andafi@ied voltage should be
determined in order to determine a magnetic fiedgpethdent model. Since the yielding
strength of MR fluid varies directly with the magicefield intensity, parameterr in
equations (1) and (3) is considered as a functidgheoapplied voltage. Constant coefficients
of viscous damping change linearly with the apphettage, so the parametets and c,
are defined as function of the input damper currBefpendence of the force generated by

the MR damper on the input voltage is defined leydbefficients as follows

a=a(u)=a,+ayu (4)
Co = Co(U) = Coa + CopU )
€1 =G (U) =Cpp +CppU (6)

Whereu as a first order output filter can be calculatedadlows:
u=-nu-Vv) )

V is the input voltage to the damper. It should &lsmoted that the values of parameters
Coa “Cop®Cla “C @t Ay ¢ Xot ko ksne feyenc A are all constant coefficients that are
calculated by matching the behavior diagram of Mider to the experimental results.

3. STRUCTURE-MR DAMPER MOTION EQUATION

Consider a multi-degree of freedom structure uoagerdimensional ground acceleration.
By assuming linear behavior for the structure, thwation equation of the structure-MR

damper system can be written as equatioh (8)
M X + KX +CX = -MAX +TF (8)

This equation is presented in the form of equati®sand (10) in the state space where
Z is the state vector of the structural system.
Z(t)= AZ+BF +EX (9)

z=[x ] (10)
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In the above equations)., K, and C, are mass, stiffness and damping matrices of the
main structure, respectivelx is the displacement vector of the structure flaetative to
the ground, X, is ground acceleratiorf is the control forces vectox, represents unit
column matrix and the matriX represents the position of MR dampers on the tireic
floors. Also, A, B andC are system matrices which can be obtained asasllo

SRR
1.5
Em (13)

4. SEMI-ACTIVE CONTROL ALGORITHM

The responses of structures equipped with MR darapeimeasured at each time step
and used as feedback to determine the control .f@esed on the results of previous
theoretical and experimental researches it has lseanluded that the clipped optimal
control algorithm has been a proper semi-activetrobralgorithm for designing MR
dampers [18, 20, 25], hence in this paper, toba# been decided to use this algorithm for
designing optimal MR dampers.

In designing an optimal control system, it is reégdito reduce the structural responses
with minimum energy or control force. To achieviesttondition, in most strategies of active
and semi-active algorithms a performance indexefsndd which includes a combination of
structure responses and control forces. In thidystine Linear Quadratic Regulator (LQR)
strategy has been used to design optimal contsollérere the control force is determined
through minimizing the standard second-order peréorce index according to equation
(14):

1t , ,
1=3 Ito (CZ)'Q(CZ) + FRF, )t (14)

Wheret, andt; are initial and final time of applying the contfolce, F., respectively.

Based on the decision that which structural respah®uld be minimized, the matrix is
selected.Q and R are weighting matrices which indicate the relatiagortance of
applying control force and controlling the respomsminimization process.

It is noticeable that since the control force of M&mper depends on the displacements
and velocities of the structure in position that damper has been located, then it is not
possible to generate the control for&e, directly by ith damper. Only the voltageapplied

to the MR damper can be directly changed. The #lgorfor selecting the voltage is
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determined according to equation (15) and showigare 2.
Vi = VinaxH ((Fci -k )FI) (15)

WhereV,,,, IS maximum capacity of MR damper voltage an) is the Heaviside-step
function.

—y =
! max

Figure 2. Graphical representation of the Clippgtir®al Control algorithm

5. GENETIC ALGORITHM

Optimization of a system means the minimizatiommaximization of a function that is
an index of system performance. The idea of usiagetic algorithm in engineering
applications was presented for the first time bylda [26]. In different fields of civil
engineering, GA has been used for optimization sagcdesigning optimal control systems
to protect structures under earthquake excitat®n28]. Genetic algorithm begins by
creating random initial search points called ihipapulation. By calculating the objective
function for each individual, the fitness of eacfdividual in the current population is
evaluated. GA includes selection, crossover (recoation) and mutation operators [29].

In each generation, a set of individual is seled@dmating based on their relative
fitness. In this study, the stochastic universahgang method [30] has been used to select
individuals for mating based on their fitness valuethe present population. In this method,
the probability of selecting an individual is aidws:

Rnd(yi):M i=12..,Npyg
> Fa(%) (16)
i=1

Where, F4(y;) is the fitness ofy;, F4(y;) is the probability of selecting; and N4

is the number of individuals in each populationeTdelected individuals are then chosen
randomly through crossover to produce newborns.ifitegmediate recombination method
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[31] was used for recombination in which newborn® avritten based on linear
combinations of parents chromosomes as follows

G=R+a(R-R) (17)

Where G are the newborns chromosome gerresand P, are the corresponding genes of

the parents chromosomes andis a scale factor that is often selected randawér [-0.25
1.25] to determine each gene of the newborns chsome. To escape from local optimum
point and to ensure searching all individuals, mmreoperator in GA algorithm is used.rf,

is the percentage of mutated gends, and N, are the number of variables and newborns
in each generation, respectively, the number oatedtgenes is obtained as follows:

Nmutated = mr x Nvar x Nnew (18)

When the typical genetic algorithm is used for mization of problems that have a large
number of variables, the speed of convergencebgilteduced; hence, to achieve the final
answer many generations is required. It is recont®énto divide the population of
individuals into subpopulations that the new altjoni is called distributed genetic algorithm
(DGA). In DGA small number of variables in each gapulation causes to have better
convergence speed than the traditional GA [32DP®A, Some individuals according to the
migration rate value are selected from each suldptpn based on their fithess values and
migrate to different subpopulations according t® thigration interval value and migration
strategy.

Based on the results of application of GA for optation problems with continuous
parameters, it has been suggested to use realdvabaing method to represent the variables
[33] and in this research, too, the real-valuedrugptias been applied.

In this research, the elite strategy has been whéch allows to goNg; individuals of

the current population to the next generation withany modification and the rest of the
individuals of the current population are insergdnewborns. The individuals with higher
fitness are selected as elites.

By selecting an insertion rate, N, number of newly produced chromosomes to be

inserted are determined as:
Nins = Nnewx” (19)

Where 5 is selected within [0.8 0.9]. Also, the numbers alite individuals are
determined according to:

Naites = Ning = Nins (20)
6. OPTIMAL DESIGN OF MR DAMPER

The method proposed in this paper for optimal de§ MR dampers is based on
defining an optimization problem that includes eli#int kind of objective function. In
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addition, some constraints according to the linotee on MR damper capacity are
considered in optimization problem. According te tbquation (14), it is clear that the
performance index, consequently the control forgedetermined as a function of the
weighting matrices, therefore the method of sebgctihe parameters of the weighting
matrices could affect the performance of MR damger.the other hand, MR damper is
designed to minimize a pre-specified response @fsthucture, hence based on the design
criteria different combination of structural respensuch as maximum displacement,
acceleration, internal forces could be includedhe objective function. In this research
minimization of the maximum displacement as safetyerion or minimization of the
maximum acceleration as occupant’s comfort abitititerion has been considered as
objective function. By taking the parameters of tieighting matrices as design variables
the optimization problem can be written as follows:

Find: Q,Q,Q, Q... Q (21)

inimize: | %o = O ke=12... ) 22)
X max = Max(% (), Kk = 1.2, Knax)

Qmin s Q s Qmax (23)

R =Constant (24)

Where,i' is the number of the variableg, are the parameters of the weighting matrix,
Q, knux IS the maximum time step of the analysig,(i) and % (i) are the relative
displacement and acceleration of ith storei’atime step, respectivelyQ,;,, and Q,., are
the lower and the upper limits of the parameterlwhould be selected by designer.

7.NUMERICAL EXAMPLE

To explain the procedure of the proposed methoaptimal design of MR dampers as
well as to assess its effectiveness in improvigpgarformance of MR damper a 10-storey
shear frame has been considered with the follownogerties:

m=m,=.. :ml0:360t0n (25)
€ =C,=..=Cp=62 MN.s/m (27)

Wherem, k , and¢, are values of the mass, stiffness and structunalping of the"
floor, respectively. The structure has been equippgh 10 MR dampers which one MR
damper located on each floor as shown in Figurtn 3his study MR damper with the
capacity of 1000 KN and the maximum voltagg,,=10Volts has been used that its

parameters have been reported in Table 1. Thetsteusubjected to the N-S component of
El-Centro (1940) earthquake record with PGA=0.3ggl@own in Figure 4.
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Damper

Damper

Damper

Figure 3. 10-storey shear frame equipped with 10ddRpers

Table 1: Parameters of MR damper

Parameter Value Parameter Value
a, 46.KN/m ko 0.00KN/m
a 41.KN/m/V ky 0.009KN/m
Coa 110KN.g/m Xo 0.18n
Cob 114.XN.gmV y 164m*2
Cia 8359.KN.¥m B 164m
Cip 4782.KN.smV A 1107.2
n 100 &' n 2

0.4

o
[N

o
(N

Ground Acceleration (g)
o

o
~

10 20 30 40 50
Time (sec)

Figure 4. Ground acceleration of the 1940 El-Ceatahquake

o

In this study, the clipped optimal control algonthwith LQR controller has been used
where the optimal control force will be determirsatording to the following equations:
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F. (1) = GZ(1) (28)
G=-RBP (29)

Where G is the gain matrix andP is obtained from the solution of the Ricatti egoat
given by:

Q+AP+PA-PBR'BP=0 (30)

7.1 DESIGNING OPTIMAL MR DAMPERS

For two different objective functions, two conteas have been designed which defined as:

Controller (1): for this controller the minimizaticof the maximum acceleration of the
structure has been selected as objective function.

Controller (2): for this case, the minimization thfe maximum displacement of the
structure has been the main purpose.

Different arrangements could be selected for thgghteng matrix, Q. In this paper to

avoid from the complexity of the problem and to lexp the procedure of the proposed
method as well as to focus on the main objectivihefpaper, the weighting matrig,, has
been defined as a diagonal matrix includes twoades Q, and Q, according to equation

(31) and introduced by Arrangement (a).
Arrangement (a):

[Qlllee ©
Q_[ o QJ (31)

In addition, MatrixR is considered as a diagonal matrix as follows:
R= Rl[l ]1&10 (32)

The parameters of the DGA for solving the optimaatroblem have been selected as:
Number of subpopulationsNg,, =2, the number of individuals in each subpopulation,

Ning =25, the number of eliteSNg;s =5, the rate of migrationm,. =02, the interval of
migration, m;eva =20 and mutation ratemn, = 004.

For numerical dynamic analysis of structure-MR dampgystem and solving the
optimization problem using DGA, programs have be#veloped using MATLAB
software. To show the procedure of solving the roation problem, for a sample, in
Figure 5 for the case of Controller (1), the cogesice of DGA for 3 runs has been reported
where the maximum acceleration of the structurdeined as a function of the weighting
matrix Q, by F(Q). Also, in Figure 6 the values of objective funatimdividuals in first
and final generation for the optimal case has lsenwn. Based on the results it could be
said that the method has a proper convergence spetbat the objective function value has
decreased with increasing the number of generatiphas been constant in some cases that
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is due to elite strategy. Also all the runs hadraepinately the same final optimum answer.

The Best F(Q)

400
390 |
L Run 1 Run 2 Run 3
380 L
370
360
0 50 100 150 200 250 300
Generation Number
Figure 5. The best objective function for 3 runsimy generations
540
VNN [T
V \ “\ v\
480 Vo \
o y o
g Initial Generation |
4201 Final Generation
360
0 10 20 30 40 50

Individual Number

Figure 6. Objective function value at first andaligeneration

Following the same procedure, optimal MR damperstzeen designed for both cases
indicated by Controller (1) and (2). In Figures mda8 the maximum acceleration and
displacement of uncontrolled and controlled strregdfor all floors as well as in Table 2 the
reduction in the maximum response of structureldeen given for both cases of objective

functions.



372 M. Mohebbi and A. Bagherkhani

10

: ' ‘
S| 0 S
Z ¥ a
S R
= . & —— Uncontrolled
&7 2 M ~~~~~~~ = Controller (1)
----a===- Controller (2)
0
200 400 600 800 1000

Acceleration (cm/s?)
Figure 7. The maximum acceleration of the uncoletdoand controlled structures for two

controllers
10 ,
,‘l' H

_ 8 £ %
8 & s
g 6 i W
pd AN
G_>f 4 AN
o A
» 2 u —— Uncontrolled

- ----a---- Controller (2)

0
0 5 10 15 20

Relative Displacement (cm)
Figure 8. The maximum displacement of the uncoletichnd controlled structures for two
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Table 2: The Reduction in maximum response of siredor Arrangement (a)

Responses
Control Strategy  Displacement Reduction (%)  Acceleration Reductidi) (
Controller 1 68 55
Controller 2 73 25

By using the Controller (1) about 55% and 68% réidac has been achieved in
maximum acceleration and displacement, respectivdiyje for the Controller (2) the
corresponding reductions has been about 25% andf@B%#e maximum acceleration and
displacement, respectively. It can be concluded tlging MR damper has been more
effective in reducing the maximum displacementhaf structure rather than the maximum
acceleration even for the Controller (1) which thaximum acceleration has been the main
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objective. Also, if reducing the maximum acceleyatis the main purpose of using MR
damper, in the proposed method it is better to idenghe minimization of the maximum
acceleration as the objective function and the s@i@® could be used for other responses.
This conclusion shows the capability of the proploseethod in considering of reducing a
desired response in design procedure. In additiom,importance of selecting a proper
objective function in designing MR dampers coulccbacluded.

In Figures 9 and 10, the time history of the maximacceleration and displacement of
10" floor for 20 seconds of vibration has been showictv shows the capability of optimal
MR damper in reducing the response of the struaturiang vibration, effectively.

1
---------------- Uncontrolled
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0 5 10 15 20
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Figure 9. Time history of the {@loor acceleration
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-10
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Figure 10. Time history of the @loor displacement
To show the efficiency of the proposed method ii$ tiesearch for determining the
optimum values of the weighting matrices parametemnsequently in improving the
performance of the MR damper, the same structurediliiRpers system subjected to the El-
Centro excitation when the weighting matrices hheen selected a®, =0 and Q, =1
(Arrangement (b)), according to the suggestion pigeDet al. [18]. In this arrangement, the
weighting matrices parameters are fixed valuesowittany optimization, also the matrfx
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has been selected a fixed matrix. In Table 3 tdeaton in the maximum acceleration and
displacement of the structure for both Controll@)sand (2) has been reported. When using
the Controller (1) about 23% and 33% reduction e tmaximum acceleration and
displacement has been achieved while for the Clhbertr(?2), the corresponding reductions
has been about 38% and 51% for the maximum actieler@nd displacement, respectively.
Comparing the results obtained for Arrangementsia) (b) (Tables (1) and (2)) shows that
using the optimization procedure for optimal desijMR dampers has been more effective
and this method could be suggested as an effeatidesimple procedure for designing
optimal MR dampers in practical application.

Table 3: The Reduction in the maximum responsérottre for Arrangement (b)

Responses
Control Strategy  Displacement Reduction (%)  Acceleration Reductiiéi (
Controller 1 33 23
Controller 2 51 38

To compare the advantage of using the optimizabased method in taking more
benefits of the MR capacity, for both cases of Agements (a) and (b) the maximum
control force of MR dampers in each storey has eparted in Figures 11 and 12. Results
show that in both controllers (1) and (2), for #ese of using optimal MR damper, the
maximum control force has been about 812 KN andiKI@8vhile the corresponding value
for the Arrangements (b) has been 278 KN and 445 ikeNpectively. Hence, it could be
concluded that using the proposed method for desigMlR damper has caused to utilize
up to 90% of MR damper potential capacity (1000 K&d consequently to achieve
significant reduction in structure response.

1000
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= 800
=
L 600
5 —=— Arrangement (a)
L
= 400 —— Arrangement (b)
£ 200
S ) ey
O

0]

1 2 3 4 5 6 7 8 9 10
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Figure 11. The maximum control force for when ustantroller (1)
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Figure 12. The maximum control force when using t@uler (2)

7.2 ASSESSMENT OF THE DESIGN EARTHQUAKE EFFECT

In this section it is desired to evaluate the penince of the optimal MR damper
designed using the El-Centro earthquake as inputeducing the seismic response of the
structure under other excitations which are difiér'om design record regarding peak
ground acceleration (PGA) and frequency contentthi® end, the structure-MR dampers
designed using the Arrangement (a) and Contro{lBrand (2) subjected to real earthquakes
including the Northridge(1994, PGA=0.84g), Hachieo{1968, PGA=0.23g) and Kobe
(1995, PGA=0.83g) records and a White noise exeitatvith PGA=0.4g as shown in
Figure 13.

‘ | H | yl“" k AT AL
|| l‘ O P S

H‘L
J “1 |

Acceleration ()

0 5 10 15 20
Time(s)
Figure 13. Ground acceleration of the White noisgtation

Figures 14 and 15 shows the reduction in the maxiraaceleration and displacement of
the structure under different base excitationsCfontrollers (1) and (2).
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Figure 14. Reduction in the maximum acceleratiothefstructure under different base
excitations for Controller (1)

100
Controller (2)

.80
R
=
=
k]

> 60
3
o
&

& 40
8
&
()]

20

0]

O NSt ¥ R &
Cf‘& A QQO {\\&\b% @Qo\
A SRS >

Figure 15. Reduction in the maximum displacemerthefstructure under different base
excitations for Controller (2)
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As can be seen from Figures 14 and 15, for bothtrGlbers (1) and (2), the optimal
controller, designed using the EI-Centro records baen able to provide a favorable
decrease in the maximum acceleration and displatieumgler other excitations though the
efficiency depends on the characteristics of thatatton. In this case study, for Controller
(1), reduction in the maximum acceleration has kbesout 57% and 50% under the White
noise and the Hachinohe excitations while the redndas been about 35% and 29% under
the Kobe and the Northridge records which are geoland near-field excitations. Also, for
the controller (2), the maximum reduction in thexmaum displacement has been about
84% and 74% under the White noise and the Hachiegbiation while the corresponding
values under the Kobe and the Northridge have lademut 44% and 39%. In addition,
similar to the results obtained for the El-Centseitation (design record), under testing
records, too, MR damper has been more effectivdeareasing the maximum displacement
rather that the maximum acceleration. Accordingh® results, as design guideline it is
suggested that in designing MR dampers in a spearta, it is better to use the design
record of that area as input excitation based mmse design codes regulations.

8. CONCLUSIONS

In this study, an effective method based on udieggenetic algorithm (GA) for optimal
design of MR dampers has been proposed. To thisandptimization problem has been
defined where the weighting matrices of clippedrapt control algorithm with LQR control
strategy have been considered as the variablestt@naninimization of the maximum
response of the structure as objective functiona3sess the effect of the objective function
on MR damper performance, two different kinds ofechve functions including the
minimization of the maximum acceleration and thenimization of the maximum
displacement of the structure have been consideked0-storey shear building frame
equipped with 10 MR dampers, distributed uniforralyer the floors, subjected to the El-
Centro excitation and optimal MR dampers have lEsmigned for both kinds of objective
functions and two different arrangements of theghng matrices. Results of the numerical
simulation have shown the effectiveness of the gsed method in designing optimal MR
damper that could reduce the response of the stejotffectively and make it possible to
utilize a significant portion of MR dampers potahtcapacity. In the case study of this
research, the reduction about 55% and 73% in thenmuan acceleration and displacement
of the structure has been achieved while the qooreding values have been about 23% and
51% for non-optimal case. In addition, in this @asé the importance of selecting a proper
objective function to improve the performance of MRmper in reducing a specific
response of the structure has been shown. For dgaitip@ reduction in the maximum
acceleration has been 55% when the minimizatioth@fmaximum acceleration has been
selected as objective function while the correspundalue has been 25% when using the
minimization of the maximum displacement as objectfunction. In addition, testing
optimal MR dampers under different excitations taegt different from the design record
regarding the peak ground acceleration and theiénecy content shows that though in most
cases MR damper could reduce the response ofriese under different excitations but
the performance of MR damper depends on the eaakeqcharacteristics. In this research,
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the reduction in the maximum acceleration and disgrinent of the structure under design
record has been about 55% and 73% while the camelspy values has been about 29%
and 39% when the structure subjected to the NdgRriexcitation. To improve the
performance of MR damper in a specific area, liteter to use the design record of that area
as input excitation.
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