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INTRODUCTION

construction techniques. Linked to the growth of urban centers, which causes a decrease in free spaces for new

constructions, building taller structures has become a necessity. Consequently, buildings are being built increasingly
taller and slender, and therefore more vulnerable to wind action [1] Thus, an important area of research is the study of
slender structures, such as tall buildings, subject to the dynamic effects of wind. It is essential to design structures that meet
comfort and safety requirements at the lowest possible cost. In this context, the area of structural optimization together
with the area of vibration control becomes fundamental.
Regarding the area of optimization, both deterministic and stochastic methods can be used [2], with an advantage for
stochastic methods when dealing with complex problems such as the one studied in the present work. Several topics are

T he construction of tall buildings has become easier, mainly due to technological advances in materials and
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currently studied in the field of structural mass optimization, for example, studies on minimizing the mass of structures
subject to natural frequency constraints [3-7]. Although structural optimization is an effective tool, the combination of this
with other tools is often necessary.

Considering this context, the vibration control devices, classified as passive, active, and semi-active can be added to the
structures to improve their performance against dynamic actions, and the optimization process can be also implemented to
reach the maximum performance of these devices. The passive devices, which have pre-defined properties, are characterized
by not using an external power source, while the active ones, which apply force to the structure at the same time as the
excitation, need an external power source. The semi-active devices, which have been the object of several recent research,
combine the advantages of passive and active devices simultaneously as they have an intrinsic characteristic of adaptability,
being able to change their properties with a reduced amount of energy, without applying force to the structure.

Among the semi-active control devices, the Magneto-Rheological (MR) dampers stand out, due to their mechanical
simplicity, wide dynamic applicability, low energy cost, great strength, and robustness. These characteristics have shown
good adherence to the demands of structural systems in the control of dynamic excitations such as earthquakes and wind
[8]. Therefore, civil engineering can take advantage of this type of approach, creating structures able to monitor and control
their response under dynamic excitations.

Several studies have been published demonstrating the application of MR dampers in the control of dynamic responses.
Among the first experimental studies with prototypes, there are those in which the authors developed experiments with
structures of up to 6 degrees of freedom excited at the base in order to simulate an earthquake [9-11]. There are also
numerical studies with simple structural models in which the authors developed simulations with structures of up to 20
degrees of freedom excited by earthquakes [12-15], and a study in which the authors developed simulations with a structure
of 40 degrees of freedom excited by the wind [16]. It is also worth mentioning the more complex numerical models, such
as the one in which the authors studied a structural model called mega-sub-controlled structure excited by wind [17] and
the one in which the authors performed a simulation with a 2D frame excited by earthquakes [18]. Hybrid strategies using
MR dampers and other types of devices are also being researched, for example in [19]. Finally, considering the theoretical-
experimental studies, there is a study in which the authors reported an experiment that was carried out on the cable-stayed
Dongting Lake Bridge in China, severely excited by strong winds and rain [20], and the one in which the author analyzed
several different structures, considering numerical models with multiple degrees of freedom excited by earthquakes [21].
As highlighted, most of these studies focus on analyzing simplified structural models subjected to earthquakes and,
therefore, there is a lack of studies with more complex structural models, able to provide a better description of the behavior
of tall buildings subjected to wind excitation. Additionally, unlike most works in the literature, this paper proposes a
methodology in which not only the installation of dampers is considered as a way of minimizing vibration amplitudes, but
also the optimization of the structure is carried out, with the objective of increasing the fundamental frequency of the
building, taking it to values further away from the frequency content of the wind spectrum, and thus reducing the dynamic
response. That is, the proposed methodology combines structural optimization with semi-active control devices. Besides,
most of the works that propose different types of vibration control systems, for different types of structures and excitations,
are related to passive systems, for example [22-42, among others].

Thus, to contribute to filling these gaps, this study focuses on analyzing a tall building, described by a 2D frame model of
multiple degrees of freedom, under dynamic wind loading and controlled by semi-active MR dampers. For this, the dynamic
responses of three different configurations of the building, under wind excitation, are analyzed, and compared with
performance criteria indicated in [43] and [44]. The first configuration, called Original Uncontrolled (C1), consists of a frame
building extracted from a tall building originally proposed and analyzed in [45]. The second, called Optimized Uncontrolled
(C2), consists of a structure whose fundamental frequency was optimized, via the PSO algorithm, as a function of its mass,
from the C1 configuration. The complete procedure for this optimization was presented by the authors in a previous paper
[46]. The third and last one, called Optimized Controlled (C3), consists of the C2 configuration controlled through a set of
semi-active MR dampers.

PROBLEM FORMULATION AND PROPOSED METHODOLOGY

Structural modelling
he numerical modelling of the structure is approached through the finite element method, considering a 2D frame
model, according to the procedures from [47]. The damping matrix, C , was generated using the Rayleigh method,

formulated as a linear combination of the global mass matrix, M , and global stiffness matrix, K .
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Wind modeling

For the proposed problem, the procedures described in [48] are followed and, therefore, it deals only with synoptic winds
(more complex models can be found in [49]). Thus, the wind load is given by:

F,=F,+Fp ©)

in which F; is the mean component and I, is the fluctuating component of the drag force, F; . The mean component

of the drag force can be obtained by:

—_— — 2
F, = %CDAin (z; /Zr) ! @

in which C,, indicates the drag coefficient that depends on the building shape, .4, is the effective area of exposure

considered, orthogonal to the wind direction, # and p are meteorological parameters, g, is the reference height (10 meters),

%, is the height under analysis and ¢, is the reference dynamic pressure of the wind, relative to the mean component, given

by:

— 1 —

90 = E P Vp ©)

in which p, represents the specific mass of the air (equal to 1.225 kg/m? at 15 °C and 1013 mbar) and T7p is the design

wind velocity, expressed by:

17, =0.691,5,5; )

in which 17, is the base wind velocity, | is the topographic correction factor and S, is the statistical correction factor.

The fluctuating component of the drag force can be obtained by:
Fp =q,Cp; ®)

in which ¢, is the reference dynamic pressure of the wind, relative to the fluctuating component, given by:

~ 1 _
90 :E P. ZT/pb(% /3, )P Av ©)

in which Aw (cx,cv,t) is the fluctuating component of the wind velocity, ¢, and ¢, are the horizontal and vertical

X

coordinates, respectively, in a Cartesian plane, of the point under analysis, and ¢ is the time. The fluctuating component of
wind velocity is considered a normal random process with zero mean. The problem was formulated through the
superposition of harmonic waves, in a process known as the spectral representation method [50]. Using this method, it is
possible to convert the energy described by the spectrum in the frequency domain to the time domain and this implies the
inclusion of a random component in the process, as shown in:

7y

AV (2) =D 28 (f) A, cos(2x fit+®,) )

i=1

in which Al (z‘) is a fluctuating velocity signal at a given position in space, with s = {1,2,3,4} , S, is the spectral density

of the wind velocity, f; is the frequencies considered, 7, is the maximum value of the considered frequency range, Af; is
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the frequency increment and @, is the phase angle which is a random variable with a uniform probability distribution

function between 0 and 2. Among the available spectral models, the one proposed by Davenport is used, according to [51],
described by:

. 5 _
5 \4/3
, (1+m ) ln[z(ef] Vi
<0

in which . is the friction velocity, 7. is the dimensionless frequency, &. represents the Karman constant, 17, is the mean
wind velocity at 10 meters above ground level, Xy is the reference height, g, is the roughness length and L. is a fitting

constant of the spectral model. In order to consider the spatial correlation among the signals of fluctuating velocity, the
fluctuating component of the wind velocity is determined, according to [52] as a result of the approach proposed in [53],
through:

AV([X,[},, l)z AV, (2)+ AVZ(i)_AM(i)fX + AV’g(i)_Né(i)cj +

c Cp

a

L AV (1) =AY (1) = AV, () + A1 (2) ®)

Calh

c.c

Xy

Eqn. (9) determines the fluctuating velocity at a given point of interest from horizontal and vertical coordinates, ¢, and ¢,

, respectively, in a Cartesian plane, where the s fluctuating velocity signals are spaced by a horizontal correlation length ¢,
and by a vertical correlation length ¢,. Therefore, the frame under study is inserted perpendicularly into the correlation
plane, and the fluctuating velocity is determined at each of the external nodes of the structure. ¢, and ¢, are determined

through Eqn. (10) proposed in [52] as a result of linear regression applied to experimental data from [51], where z, is the
structure height.

¢, =1.60z, +22.1
(10)
¢, =093z, +29.3

MR damper modeling

The semi-active control system usually is originated from passive control systems that are modified to allow adjustment of
mechanical properties, for example, devices that dissipate energy through modified viscous fluids to behave in a semi-active
configuration. On the one hand, as in an active control system, sensors installed in the structure monitor the response, and
a controller, based on the response, generates an appropriate command signal for the device. On the other hand, as in a
passive control system, the control forces are developed as a result of the movement of the structure itself [54], that is, semi-
active dampers have mechanical properties or parameters that can be adjusted to improve their performance as an active
control system, maintaining the reliability of passive control systems [55]. Among the semi-active control devices, the
controllable fluid dampers stand out, employing fluids in their interior that can adjust their mechanical properties quickly in
reaction to external forces. Among the applicable fluids, the magneto-rheological (MR), like the model shown in Fig. 1, has
as an essential feature its ability to reversibly change from a free-flowing linear viscous fluid to a semi-solid with a
controllable flow force, in milliseconds, when exposed to a magnetic field [56].

MR dampers consist of a cylinder that contains the MR fluid, manipulated through a diaphragm and excited by a coil
responsible for transmitting the magnetic signal that changes its properties. The reactive force is transmitted by the Only
moving part, the piston. Fig. 1 shows the schematic of the components of an MR damper.

These devices are simple to operate and maintain, have high reliability, and are stable over a wide temperature range. Since
they are basically adaptive passive devices, even in case of a malfunction of their semi-active property, the controller in the
passive configuration can still contribute to mitigating the effects of dynamic actions. Furthermore, given their high strength,
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they are capable of being applied to civil structures using a small energy supply. Under these conditions, MR dampers are
promising devices for application in structures subjected to dynamic wind actions. Many rheological models have been
developed to describe the behavior of these devices. In this study, the model proposed by Bouc-Wen and adjusted by [55],
named modified Bouc-Wen, is used, as shown in Fig. 2.

Figure 1: Schematic of the components of an MR damper.
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Figure 2: Modified Bouc-Wen rheological model.
This model is governed by:
Fyr = +4 (X_Xo) (11)
1
= p— [az+ s+ &y (x = y) ] (12)
g==Ble =zl =y (x =R + A, (5= ) (13)

in which F,, (#) is the total reactive force generated by the system, c, is the viscous damping obsetved at higher velocities,
k, is present to control stiffness at higher velocities, ¢, is a damping included in the model to produce the roll-off effect
observed at low velocities, 4, is the stiffness of the accumulator, x and y are the displacements of the damper, g is the
evolutionary variable, x|, is the initial displacement of the spring 4, associated with the nominal force of the accumulator.

a, p,y, A, en, are parameters that describe the hysteresis of the system. The model parameters that are used in this
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work were experimentally determined by [21] for the MR RD-1005-3 damper (Lord corporation) and are presented in Tab.

1, where I is the electrical current supplied to the device, whose maximum value, associated with the saturation of the
magnetic field, is 0.5 A.

Independent Ay [-] ﬂl:mm_l} 7[mm_l] k[N / mm] Ay (X _XO)[N] P
parameters 10.013 3.044 0.103 1.121 40 2
a(1)==-826.671" +905.141% + 412.521 + 38.24 [N ]
Current
dependent ¢, (1)=-11.73T" +10.511* + 11.021 + 0.59 [N.s / mm]
parameters ¢, (1) ==54.401" +57.031 + 64.571 + 4.73[N.s / mm]

Table 1: Parameters of the modified Bouc-Wen model for the MR RD-1005-3 damper [21].

The MR damper RD-1005-3 is used for low force capacity applications, such as industrial suspensions. It can be verified in
its specifications that its peak force in response to a current value of 1 A is 2,224 kN [21]. Knowing this, the total reactive

force of the equipment (F,z ) will be multiplied by an amplification factor (Q). This adjustment represents (0 dampers

acting in parallel on each 7 controlled mass, in order to simulate a robust device compatible with the drag force.

Egquation of motion
The numerical modeling of the system considering the damping forces of the MR dampers was approached according to
[57], in this way, the matrix representation of the dynamic equilibrium equation is:

Mx+C§+K>?:F—QFMR (14)

in which X, x ,and % are the displacement, velocity, and acceleration vectors, respectively. F is the external forces vector
and F,,, is the damping forces vector, both applied at the indicated degrees of freedom. To solve Eqn. (14) in the time
domain the Newmark method associated with the Runge-Kutta (RK4) is applied. For C3, the dynamic equilibrium equation

is solved repeatedly, gradually increasing the amplification factor Q until satisfying the performance criterion, according to
the pseudocode shown in Fig. 3.

Set initial value Q(0) = 10;
repeat
Solving the Dynamic Equilibrium Equation

M+ Cx + K% = F — QFy

if not meet the performance criteria then
Qi+1) =0@+10

until meet the performance criteria;

Figure 3: Pseudocode for defining the amplification factor.

LOR-CO control strategy

Active structural control research efforts have focused on a variety of control techniques based on several design criteria.
Some are considered classic, as they are direct applications of modern control theory, among them is the optimal control
technique [58]. As highlighted in [59], the optimal controller problem can be defined as the determination of a control law
for a given system in order to reach a specific optimal criterion by minimizing a pre-defined performance index. Among the
strategies associated with optimal control, there is the so-called clipped optimal (CO), developed in [9], which, according to
[60], is the most successful strategy so far for the control of systems that use controllable fluid devices. In this case, a
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controller is designed based on linear control strategies, such as the Linear Quadratic Regulator (LQR), for example, as if
the control device were active. However, a decision block for the current applied to the actuator and measuring the actuating
control force are integrated into the system to propetly adjust the control command and accommodate dissipative
characteristics and non-linearities in device behavior. The LQR, widely studied and widespread, can be established as a
control engineering tool that aims to determine an ideal control by minimizing a quadratic performance index when the
control is a linear function of the response [58, 59, and 61].

To take advantage of the semi-active behavior of MR dampers, the LQR controller associated with the Clipped Optimal
(LQR-CO) strategy is used. Fig. 4 shows the block diagram of this strategy.

] ] Input
Clipped-optimal __ Input l
‘ Control Output
Cur_re.nt % ACtU(ItOrS Forces N Structure (Response) >
dQCZSlOn (MR dampers)

Controller | | | Sensors

(LQR) |

.

Figure 4: LQR-CO Block Diagram.

The LQR-CO strategy works through the cycle shown in Fig. 4, as follows:

e The structure is excited by an external force (input);

e The structure reacts to the excitation and presents a response (output), in terms of displacement, velocity, and
acceleration;

e The response is captured by sensors installed in the structure (or in numerical simulation it is obtained by integration)
that take this information to the controller;

e Based on the response, the LQR controller determines an optimal control force and sends this information to the
current decision block;

e The current decision block compares the actuating control forces with those determined by the controller and then
decides the current to be applied to the actuators in order to position the system control forces as close as possible to
the optimal forces defined by the controller;

e Since actuators have their properties controlled by the current, a new current produces new control forces that are
applied to the structure.

The optimal control force at each instant of time can be determined by Eqn. (15), approached by [58, 59, and 61].

Jo0) == R BTPE () (15)
PA —%PBR”B”' +A'P+20=0 (16)
O n,n Id n,n
= (n.7) (1) 17)
-M'K -M"'C
0
(n1)
B= 18
-M'T (18)

(ﬂ,/}z)

ol
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in which Z(f) is the vector of optimal forces at each instant of time, with the » optimal forces f, and # control forces
applied to the system. ¢ (z‘) is the state vector of the system composed of the # displacements, x(z‘) ,and the # velocities,
%(#), and finally, # is the number of degtees of freedom of the system. B is the matrix that describes the control forces
in the state space, I' is the matrix that describes the location of the 7 control forces. O and R are called weighting
matrices, high values for elements of () mean prioritizing the reduction of the response over control forces, and high values
for elements of R mean the opposite; in general, these values are obtained in a testing process aiming at the best result. A
is the system state matrix and Id is the identity matrix. P is the Riccati matrix. Once the vector Z(i) is determined, the

selection of the current to be applied to the damper can be obtained, according to [9], by:
I:ImaxH[(ﬁ_Fmr)Fmr:I (20)

in which I, is the maximum current associated with the saturation of the magnetic field and H( — ) is the Heaviside
function. In this way, the damper force is controlled indirectly, through current control, thatis, when the damper is providing
the optimal force, the applied current remains unchanged, if the magnitude of the force produced by the damper is less than
the magnitude of the desired optimum force and both forces have the same sign, the applied current is increased to the

maximum level.

Performance criteria
Three different performance criteria, related to the Serviceability Limit State, are considered in this paper. The first, indicated
in Appendix CC of [43], refers to the maximum permissible horizontal displacement of the building (D

), determined
through Eqn. (21), in which H, is the total height of the building.

7600

The second indicates the maximum permissible displacement between adjacent floors (story drift). According to the
American standard [43], the story drift (SD) cannot exceed approximately 1 cm, in this case SD, = 1oz . Both limits are
generally sufficient to minimize damage to the wall covering and non-load-bearing walls [43]. Finally, the third is related to

the maximum permissible acceleration (Acc, ). According to [43], continuous vibrations (over a period of minutes) with

max

an acceleration of the order of 0.005g to 0.01g, in which g is the acceleration due to gravity, are uncomfortable for most
people. Tab. 2 presents the acceleration limits related to user sensitivity from [44].

Perception Acc, ..
Imperceptible <0.005 ¢
Noticeable 0.005 ¢ t0 0.015 ¢
Uncomfortable 0.015¢ t00.05¢
Vety uncomfortable 0.054 t00.15¢
Intolerable >0.15¢

Table 2: Limit acceleration according to [44].

It is important to note that this is not the main design criterion because, depending on the recurrence time, these
accelerations, even if uncomfortable, are acceptable [44]. Thus, considering the previous information, Acc_, =0.01g is

adopted as the limiting criterion, thus allowing accelerations within the noticeable sensitivity range.
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RESULTS AND DISCUSSIONS

Analyzed structures

T hree different structural configurations are analyzed in this study. The first, C1, is characterized by a 2D frame
extracted from a building previously proposed and analyzed by [45] designed as a reinforced concrete structure with
fck equal to 50 MPa, symmetrical and with dimensions in plan of 15m X 15m, 35 floors, 99.75m high, 2.85m high

between slabs and 12cm thick on each slab. The building analyzed in this work is considered fixed at the foundation and

composed of rectangular columns on the sides, “L” columns in the central part, and continuous rectangular beams

discretized in 144 nodes, 245 elements, and 432 degrees of freedom. The details of this frame in its Original Uncontrolled

configuration (C1) are shown in Fig. 5. In this configuration, the dimensions of the elements are repeated on all floors.

a) 14,37 b) 473 491 473 |

3| o [JEI ' E° be :JE1
ol < E, E, E,
(cm)
c)
E,: E,:
0 60 32
o3 60 80
32
80
(cm)
E, . E,:
22
Dso
(ecm)

473 491 473 (m)
BN an an s

Figure 5: Structure analyzed in uncontrolled original configuration (C1). a) 2D frame, b) Cross section in plan considered, c¢) Cross
section of columns (E1 and E2) and beams (E3 and E4).

At the mass matrix, E and p are taken as 3.4 x10" N/m? and 2500 kg/m?, respectively, and concentrated masses of the

slabs are considered at the respective nodes of each floor, considering the appropriate influence area. Thus, the structure in
its Original Uncontrolled configuration (C1) has a fundamental frequency of 0.34 Hz and a mass of 1171.6 tons.

The second configuration, called Optimized Uncontrolled (C2), consists of the C1 configuration in which the fundamental
frequency is optimized, via the PSO algorithm, as a function of its mass. That is, the objective function of the optimization
process, which has the maximum mass as a constraint, is to maximize the fundamental frequency of the building, taking it
to values further away from the frequency content of the wind spectrum, and thus reducing the dynamic response. This
complete optimization procedure was presented by the authors in a previous work [46].

In this scenatio, the dimensions of the elements vary depending on their position, and their values can be verified in the
authors' previous paper [46]. Thus, the structure in the Optimized Uncontrolled configuration (C2) has a fundamental
frequency of 0.50 Hz and a mass of 1526.7 tons, which means an increase of almost 50% (47.06%) in the fundamental
frequency against an increase of approximately 30% (30.31%) in the mass of the structure in relation to the C1 configuration.
The third and last one, called Optimized Controlled (C3), presents the C2 configuration with the application of a set of
semi-active MR dampers, detailed in the next section.
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Vibration control through semi-active MR dampers
In order to obtain the Optimized Controlled configuration (C3), 35 MR dampers are applied to the central frames of the

Optimized Uncontrolled structure (C2), one per floor. Each floor is controlled by the damping force Fjy, with
m= {1 fo 35} , as illustrated in Fig. 6.

Foundation

35th floor
-LDI F g

34th floor
T |

33th floor

3nd floor
-L‘:'l Fir

2nd floor
1:'1 Fiig

1st floor

7 7 ST T 77
Figure 6: Position of the dampers.

In the LQR solution, the following weight matrices are considered, as indicated by [62]:

(22)

()

K 0(}1 )Z)
0= "l and R=1071,
O(ﬂ,ﬂ) O(ﬂ,ﬂ)

Dynamic wind load
The dynamic wind load is modeled according to the procedures presented previously. Tab. 3 presents a summary of the
parameters used, in which §; is adopted considering the Serviceability Limit State, with a recurrence time of 10 years.

Parameter ~ Unity Value
c, - 145
A, m? 10.69
I, m/s 43
S, - 1
S, - 0.78
- 1
- 0.15
f; Hz 107 ~10
k. - 0.4
Zof m 10
2, m 0.07
L. m 1200

Table 3: Parameters used to determine the wind load.

Fig. 7 shows the drag force at floor 01 (first), floor 20 (approximately half the height of the frame), and floor 35 (last floor).
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Figure 7: Drag force.

The three configurations, C1, C2, and C3, are horizontally subjected to the dynamic wind action, as shown in Fig. 8, and

the dynamic equilibfium equation is solved for each of them. For C3 the amplification factor (Q that satisfied the
performance critetion is 660.

a) b)
— ~-99. 5, .
- <> \5:1@ IWmd 35th floor
= |
. -y
wind g
~ = N
™ | B
= =
| Y
) =
() = Y
L - X
|
N =
( —
(o
— e
o v o 1.

Figure 8: Structure analyzed. a) Perspective, b) 2D frame.

Results of the structural configurations

The first result to be analyzed refers to the optimization process of the structural elements. In this process, from the C1
configuration, the C2 configuration is obtained. It is possible to note an increase of 47.06% in the fundamental frequency
at a cost of a 30.31% increase in the total mass of the structure. Next, the analysis of the three configurations C1, C2, and
C3, subjected to dynamic wind loading is presented. The analysis is based on observing the response, in terms of
displacement, story drift, and acceleration, over time (300s).

The maximum displacement at each floor is shown in Fig. 9(a) and the maximum acceleration at each floor is reported in
Fig. 9(b). Analyzing these figures, it can be seen that C3 is the best control scenario and presents considerable response
reductions. At the top floor, the displacement is reduced from 16.20cm to 8.45cm considering the C2 configuration, and to
4.66cm, considering the C3 configuration. The maximum accelerations are 40.1cm/s?, 41.2cm/s? and 9.36cm/s?, in
configurations C1, C2, and C3, respectively. The displacement over time at the top floor is shown in Fig. 10 and the
acceleration is in Fig. 11. For the maximum story drift in each inter-floor, its representation is shown in Fig. 12, in which
the maximum values are: 0.58cm, 0.32cm, and 0.23cm for C1, C2, and C3 configurations, respectively.

99



A. Almeida et alit, Fratiura ed Integrita Strutturale, 69 (2024) 89-105; DOI: 10.3221/IGF-ESIS.69.07

Figure 11: Acceleration over time at the top floor.
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Thus, it could be seen that, in terms of displacements, scenarios C2 and C3 showed a reduction of 47.8% and 71.2%,
respectively, in relation to C1, and C3 presented a reduction of 44.85% in relation to C2. For the accelerations, C2 showed
an increase of 2.7% and C3 a decrease of 76.7%, respectively, in relation to C1, and C3 reduction of 77.3% in relation to
C2. Finally, in terms of story drifts, C2 and C3 showed a reduction of 44.8% and 60.3%, respectively, in relation to C1, and
C3 reduction of 28.13% in relation to C2.

For the building under study, the performance criterion related to the maximum horizontal displacementis D, =16.6 .

max

Thus, C1, C2, and C3 met the criterion. Regarding the performance critetion related to maximum story drift, ASCE/SEI 7-

16 [43] does not set a value, but indicates an approximation, SD, =1z . In this case, C1, C2, and C3 met the criterion. It

max
is observed, therefore, that the three configurations met the criteria related to maximum horizontal displacement and
maximum story drift.

Considering that the maximum acceleration of configuration C3 occurs on the twenty-eighth floor and that this value is -
9.36m/s2, Fig. 13 shows the acceleration over time, for the C3 on the 28th floor, against the limits presented previously.
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Figure 13: Acceleration over time, C3 on the 28th floor, against performance criterion.

Thus, regarding the performance criterion related to the uset's perception, it was verified that on the 28th floor, critical in
relation to the acceleration for the C3 configuration, the accelerations were below 0.01g, that is, the perception is noticeable.
Therefore, it can be seen from Figs. 9b), 11, and 13 that only the C3 configuration met the criterion. It is observed, therefore,
that in the C3 configuration, the accelerations over time were controlled.
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CONCLUSIONS

loading controlled through semi-active Magneto-Rheological dampers. Thus, through this numerical study, it was

possible to minimize the dynamic response of a tall building, described through a 2D frame model with multiple
degtees of freedom. For this, the responses of three structural configurations (C1, C2, and C3) were evaluated in terms of
displacement, story drift, and acceleration, with an evaluation of performance criteria indicated in the literature.
For the maximum displacements at the top floor, it was found that C2 and C3 showed a reduction of 47.8% and 71.2%,
respectively, in relation to C1, and C3 reduction of 44.85% in relation to C2. For the maximum story drift, it was verified
reductions of 44.8% and 60.3%, to C2 and C3, respectively, in relation to C1 and C3 showed a reduction of 28.13% in
relation to C2. Finally, for the maximum accelerations, C2 showed an increase of 2.7% and C3 a decrease of 76.7% in
relation to C1, and C3 presented a reduction of 77.3% in relation to C2. Regarding the performance criterion by user's
perception, it was found that the 28th floor (critical floor) presented perception noticeable, since the acceleration was below
0.01g.
From the evaluation of the responses of the three configurations, it was found that the C3 configuration was the only one
able to meet all the established performance criteria, and part of this behavior was due to the fundamental frequency
optimization and another part was due to the influence of the MR dampers. Thus, the proposed methodology combining
structural optimization and MR dampers proved to be a powerful tool for vibration control and it could be used to help
designers of this type of structure.

T his paper proposed a new methodology to evaluate and optimize the dynamic behavior of tall buildings under wind
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