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The magnetorheological (MR) damping material is a kind of smart shock absorption
material, and it can be made into MR dampers for reducing the vibration or dynamic
response of structures. During the vibration mitigation control of structures with MR
dampers, the displacement and acceleration responses are always concerned firstly
because the displacement responses determine the safety of structures and, at the
same time, the acceleration responses determine the comfort level of the human body
staying in structures. That means, the control currents choice of MR dampers during
the vibration process is a multi-objective optimization control problem. In this paper, the
particle swarm optimization (PSO) algorithm is developed to control the displacement
and acceleration responses simultaneously. Numerical analysis for a five-floor steel frame
structure with one MR damper installed on each floor is carried out. Simulation results
of the PSO control structure are compared with those of passive control (including the
ON-control and the OFF-control) structures and the uncontrolled structure. Analysis
results demonstrate that the PSO algorithm can reduce the displacement responses of
the structure obviously and, at the same time, it can reduce the acceleration responses
of the structure to a certain extent. Furthermore, the PSO algorithm reduces the seismic
responses of structures more effectively than those of passive control structures.

Keywords: magnetorheological (MR) damping material, MR damper, the particle swarm optimization (PSO)
algorithm, multi-objective optimization control, building structure

INTRODUCTION

The magnetorheological (MR) damping material is a kind of smart shock absorption material,
which was discovered by Jacob Rabinow at the US National Bureau of Standards in 1948 (Rabinow,
1948). The MR damping material is composed of carbonyl iron particles, a carrier liquid and some
additives. Normally, it is a free-flowing liquid with a certain viscosity similar to that of motor oil.
However, when subjected to a magnetic field, the liquid becomes viscoelastic solid. And the stronger
the magnetic field, the harder the MR damping material becomes. That is, the yield stress of the MR
damping material can be controlled very accurately by changing the intensity of the magnetic field.
On the other hand, removing the magnetic field causes the solid MR damping material to once again
become liquid. Furthermore, the change can occur in only a few milliseconds (Guo et al., 2017).
MR dampers are developed to take advantage of these characteristics of MR damping material.
Because of these properties, more and more researchers are attracted to develop MR clutches and
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automotive MR suspensions, etc. In the civil engineering field,
MR dampers are used to reduce the dynamic responses of
structures in earthquake excitation or in strong wind, cable-
stayed bridges, and seismic protection.

After the MR damper is installed into the structure, its
damping and stiffness will change the parameters of the structure
itself and further affect the anti-vibration ability of the structure
(Xu et al, 2013). However, the controllable damping and
controllable stiffness of the MR damper are controlled by its
control currents (or voltages), that is to say, one of the important
factors determining the effect of its vibration reduction is how to
effectively select control currents (or voltages) of the MR damper.
Many control algorithms of control currents (or voltages) of MR
dampers have been developed. A linear optimal controller based
on acceleration feedback, named a semi-active clipped-optimal
control strategy, was designed to adjust the control voltage
of the MR damper (Dyke et al, 1996). Another acceleration
feedback control method of seismic structures was used to
realize vibration mitigation of structures successfully (Chung
et al, 1998). An intelligent neuro-fuzzy control strategy was
developed relying on the correlation between accelerations of
the building (controller input) and voltage applied to the MR
damper (controller output) (Schurter and Roschke, 2001). A non-
clipping semi-active control method, a stochastic optimal control
strategy, was proposed for randomly excited non-linear systems
using semi-active MR dampers (Ying et al., 2002). An on-line
real-time control method by using neural networks techniques
for semi-active control of structures with MR dampers was
proposed. This method considered the time-delay problem of
semi-active control, which can solve distortion of the responses
of structures (Xu et al., 2003). An inverse neural network model
for MR dampers was established to adjust the control voltage
of the MR damper to realize the semi-active control mode of
structures with MR dampers (Wang and Liao, 2005). A fuzzy
control algorithm with a neural network forecasting model
was proposed. According to the structural dynamic response
predicted by the neural network forecasting model, the fuzzy
controller can update control currents of MR dampers (Guo
et al.,, 2008). Combining with modified adaptive control, Phu
et al. built an interval type 2 fuzzy model to obtain the desired
damping force of a MR damper, and then realize the vibration
control of a washing machine (Phu et al., 2014). A semi-active
control method for a non-linear benchmark building with MR
dampers included two parts. One an optimal compact Takagi-
Sugeno-Kang fuzzy inverse model for the MR damper. The
other is voltage regulator based on the maximum and minimum
capacities of the MR damper at each time-step (Askari et al.,
2016). An adaptive Fuzzy-PID controller was implemented to
ensure that the MR damper performs well, even at varying
frequencies (Nordin et al., 2018).

In this paper, the particle swarm optimization (PSO)
algorithm is developed to control the displacement and
acceleration responses simultaneously. Numerical analysis for a
five-floor steel frame structure with one MR damper installed
on each floor is carried out. Simulation results of the PSO
control structure are compared with those of passive control
(including the ON-control and the OFF-control) structures

and the uncontrolled structure. Analysis results demonstrate
that the PSO algorithm can reduce the displacement responses
of the structure and obviously, at the same time, it can
reduce the acceleration responses of the structure to a
certain extent. Furthermore, the PSO algorithm reduces seismic
responses of structures more effectively than those of passive
control structures.

CONTROLLED STRUCTURE MODEL

MR Damper Model

In this paper, the shear-valve type of the MR damper (Xu and
Guo, 2006) is used for the structural seismic mitigation control,
as shown in Figurel. And the Bingham model of the MR
damper is proposed by Phillips (1969), which is one of the classic
models and equivalent to a friction component augmented by
a Newtonian viscosity component, as shown in Figure 2 (Guo
et al., 2008). The relationship between the stress and strain rate
can be describe as Xu and Shen (2003)

T = 1ysgn(y) + ny (1)
Are e+ AyIn(l, + e) + AslL 2)

Ty

where 7 is the shear stress in the MR damping material; 7,,
the yielding shear stress can be adjusted by the magnitude
of the external magnetic field; n is the Newtonian viscosity,
which is independent of the external magnetic field; y is the
shear strain rate. The magnitude of the external magnetic field
can be controlled by control currents, so 7, is the function
of control currents I. as shown in Equation (2) (Xu et al,
2003). Aj, A, and Aj are coeflicients of the MR damping

T

/
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N
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FIGURE 1 | Schematic diagram of the shear-valve type MR damper.
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FIGURE 2 | Bingham model (Guo et al., 2008).

Frontiers in Materials | www.frontiersin.org

March 2019 | Volume 6 | Article 37


https://www.frontiersin.org/journals/materials
https://www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles

Guo et al.

MR Structures Study Using PSO

|
I
|

I
I
I
T/ s ——

T 771 1 T

——
— —

77777 Contloller
_____________ pl |

FIGURE 3 | The structure with MR dampers.

material, and e is the natural constant. Based on Equation (1)
the relationship between the force and displacement of the MR
damper is (Xu and Guo, 2006),

Jai = fesgnlu(B)] + cou(t) 3)

3LyApTy . . . 12nL4A2
% is frictional force; ¢ = DI L
coefficient; Ly and A, are the effective length and the cross-
sectional area of the piston; D represents the inner diameter of
the outer cylinder and h; represents the gap between the piston
and the outer cylinder, u(t) represents the relative displacement

of the piston to the outer cylinder.

where f, =

is damping

Dynamic Equation of the Controlled

Structure

In this paper, MR dampers are equipped between the chevron
brace on each floor of the steel frame structure, as shown in
Figure 3. The dynamic equation for the n-floor steel frame
structure equipped MR dampers can be descripted as

MX + Cx + Kx = —MIs, — Bf; (4)

where M, C, and K are the mass, damping, and stiffness matrixes
of the steel frame structure, respectively; x is an n-dimensional
vector to represent the displacement response of each floor
of the steel frame structure relative to the ground; I is an n-
dimensional column vector with 1 for each element; s, is the
seismic acceleration; B is an n-dimensional vector to show the
number of MR dampers installed on each floor of the steel
frame structure; f; is an n-dimensional vector of control forces
generated by MR dampers at each floor.

PARTICLE SWARM OPTIMIZATION
ALGORITHM

Based on the social behavior of bird flocking, fish schooling, and
swarming theory, James Kennedy and Russell Eberhart proposed
PSO algorithm in 1995 (Eberhart and Shi, 2001). That means, the
birds in the group are abstracted into “particles” without mass
and volume. Through the mutual cooperation and information
sharing of these “particles,” the speed of their movement is
affected by the information of the historical movement status of
the group and themselves. The historical optimal position affects
the current motion direction and motion speed of the particles
and can better coordinate the relationship between the particles
themselves and the group motion, and find the optimal solution
in a complex solution space.

The Original Version PSO Algorithm

In an m-dimensional problem space there is a particle swarm,
and z; is the current position of the i-th particle; v; is the current
velocity of the i-th particle; p; is the optimal position experienced
by the i-th particle in the particle group, which is called the
optimal position of the individual; pg is the optimal position of
the all particles of the swarm that were experienced, which is
called the global optimal position. Then the evolution equation of
the original version PSO algorithm can be described as Eberhart
and Shi (2001)

vii(t + 1) = vii(t) + c1 * rand; () * (p;i(t) — z;(2))
+ 2k randy () * (pgj(t) — zij(1)) ©)
Zij(l' +1) = Zij(t) + Vlj(l’ +1) (6)

where the subscript j means the j-th dimension of the particle;
the subscript i means the i-th particle in the particle swarm;
t is the t-th generation; c; represents the cognitive learning
coefficient which is used to adjust the step of particle that
flies toward the best location of itself; ¢, represents the social
learning coefficient which is used to adjust the step of a
particle that flies toward the global best position; rand;( ) and
randy( ) are two independent random functions within the
range of [0,1].

The PSO Algorithm With Constriction

Factor

In order to control the flying speed of the particle effectively
and let the algorithm achieve a balance between global detection
and particle exploitation, that is, in order to ensure convergence
of the particle swarm algorithm, in 1999, Clerc proposed the
PSO algorithm with constriction factor (Clerc, 1999). In 2000,
Eberhart and Shi simplified the constriction factor and enhanced
its practicality (Eberhart and Shi, 2000). The velocity evolution
equation of the particle swarm algorithm with constriction factor
can be described as

vii(t + 1) = kx* (vij(t) + c1 * rand1 () * (pii(t) — zi(t))
+ o rands () * (pgi(t) — zii(1))) 7)
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k

, Wherep =c1+¢, ¢ >4 (8)

’2—<p— @* — 49

where k represents constriction factor which is a function
of ¢; and ¢,.

PSO ALGORITHM DESIGN OF MR
INTELLIGENT STRUCTURE

In the earthquake mitigation control of an MR intelligent
structure, choosing a reasonable control current for the MR
damper is key to reducing seismic damage to the structure. The
displacement and acceleration responses of the MR intelligent
structure can reflect whether the structure will be damaged or
not. In this case, the displacement, and acceleration responses
control constitute a multi-objective control system in the seismic
mitigation control of the MR intelligent structure. The following
is a detailed description of how to use the PSO algorithm to
accurately select control currents of MR dampers, and then
achieve multi-objective control of the MR intelligent structure
and meet the requirements of building codes.

Definition of Fitness Function

In the PSO control of an MR intelligent structure, a multi-
objective optimal control algorithm is adopted, that is, structural
displacement targets, and structural acceleration targets.
Therefore, the fitness function, namely the objective function
can be set as:

Min F(t): F(t) = afi(t) + Bf (1) 9)
. | %]
H) = Maxx, (10)
Ji1 | ol 4. 4 Dl
) = Yk Ma“2n+ Macn— (11)

where fi(f) is the objective function of the structural
displacement; f,(t) is the objective function of the structural
acceleration; o and f are weighting coeflicients and @ + 8 = 1;
t represents the f-th moment; x, represents the n-th floor
displacement of the structure; X, represents the n-th floor
acceleration of the structure; Maxx, and Maxk, are the
maximum allowable displacement and acceleration response of
the n-th floor of the structure.

It can be seen from Equation (9) that weighting coefficients
a and B determine the weight relationship between the
displacement target and the acceleration target in fitness
function. According to the seismic requirements buildings
and building codes, during the earthquake, the magnitude of
the structural displacement is closely related to the safety of
structures, which is the main control target. The structural
acceleration is mainly to affect the safety of the internal furniture
or equipment of the structure, which is the secondary control
target. So, in general,0 < 8 <« < 1.

In Equation (10), according to the seismic requirements
buildings and building codes (China Building Code Compilation
Group, 2001), Maxx,, can be determined. When the structure is in

an elastic state, the structural maximum inter-story displacement
response is h/550 (h is the floor height of the structure), so
Maxx, can be set as 1/550 in the fitness function. When the
structure is in an elastoplastic state, the structural maximum
inter-story displacement is 1/50 .

Choice of PSO Algorithm

In the PSO control of the MR intelligent structure, the PSO
algorithm with constriction factor proposed by Clerc (1999) was
chosen, as shown in the Equation (3) and (4). The constriction
factor k in the algorithm is more effective in controlling and
constraining the flight speed of the particles, at the same time,
enhancing the local search ability of the algorithm (Eberhart and
Shi, 2000).

Termination Condition Setting of PSO

Algorithm

In the PSO control of the MR intelligent structure, the
termination condition of the PSO algorithms is whether the
structural displacement response and the acceleration response
meet the seismic requirements buildings and building codes.
That is, when the displacement response and the acceleration
response are less than the preset maximum value, the search for
the optimal solution can be terminated, and the corresponding
control current (or voltage) value of the MR damper is output.
The setting of the termination conditions can not only ensure the
safety of building structures but also ensure the rapid selection of
the control current (or voltage) of the MR damper.

NUMERICAL ANALYSIS

Modeling and simulation analysis of a five-floor steel frame
structure with one MR damper installed on each floor are carried
out in MATLAB to verify the correctness and effectiveness
of the designed PSO algorithm. The parameters of the five-
floor steel frame structure are the each-floor mass: m =
[2.60 2.30 2.30 2.30 2.30] x 10% kg; the each-floor initial stiffness:
k = [2.06 2.32 2.32 2.32 2.32] x 107 N/M; the each floor height:
h = [3.9 3.3 3.3 3.3 3.3] m. The Newtonian viscosity n is 0.9
Pa-s (Yang et al., 2002) in the Equation (1). Parameters in the
Equation (2) are A} = -11374, A; = 14580, and A3 = 1281.
Parameters in the equation (3) are L; = 400 mm, hy; = 2mm,
and D = 100mm. Parameters of the designed PSO algorithm
are: the size of particle swarm is 30, the particle dimension is 5,
the weighting coefficient in fitness function « = 0.7 and 8 = 0.3,
the cognitive learning coefficient ¢; = 2.8, the social learning
coefficient ¢c; = 1.3. El-Centro seismic waves and Taft seismic
waves with 200 gal acceleration amplitude are selected, and the
sampling time is 0.02 s.

In the numerical analysis, El Centro seismic waves first are
used for the seismic excitation of different structures, and the
seismic responses of the PSO control structure are compared
with those of the passive control structures and the uncontrolled
structure. Figure 4 shows the structural 5th floor responses of the
PSO control and the uncontrolled structure. It can be obtained
from Figure4 that under the PSO algorithm the structural
displacement and acceleration responses of the structure both
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FIGURE 4 | The structural 5th floor response of the PSO control and the uncontrolled structure (El-Centrol). (A) The displacement response. (B) The acceleration
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are effective. Under the PSO algorithm, the structural 5th floor
maximum displacement response is 19.3 mm, which is effectively
reduced by 66.43% compared to that of the uncontrolled
structure, 57.5 mm. And under the PSO algorithm, the structural
5th floor maximum acceleration response, 5.90 m/s?, is reduced
by 10.58% compared to that of the uncontrolled structure, 6.60
m/s?. That is because, in order to ensure the safety of the
structure, it is necessary to increase the stiffness of the MR
damper by increasing the control currents of the MR damper to
reduce the structural displacement responses. It means the more
stiffness increases, the more displacement response decreases.
But when the stiffness is increased, the structural acceleration
responses will also be affected. Moreover, the large stiffness
will lead to the increase of the structural acceleration response

frequency and excessive stiffness will lead to the amplification of
acceleration amplitude. That is, the large stiffness is unfavorable
to the control of structural acceleration responses.

To further illustrate the effectiveness of the PSO algorithm,
the structural displacement and acceleration responses of the
PSO control structure are compared with those of the ON-
control structure and the OFF-control structure. The ON-control
method and the OFF-control method belong to the passive
control method. For the control current of the MR damper,
when it is set as the maximum current level (2A), the control
method is the ON-control method; when it is set as the minimum
current level (0A), the control method is the OFF-control
method. Figure5 shows the structural 5th floor responses of
the PSO control and the ON-control structure. Figure 6 shows
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FIGURE 6 | The structural 5th floor response of the PSO control and the OFF-control structure (El-Centrol). (A) The displacement response. (B) The
acceleration response.
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FIGURE 7 | The maximum response comparison of each floor under different control method (EI-Centrol). (A) The maximum displacement response. (B) The
maximum acceleration response.

TABLE 1 | The maximum displacement responses comparison of each floor (EI-Centro).

Floor Maximum displacement (mm) Reduction rate of the PSO algorithm compared with other
control algorithms (%)

PSO ON OFF Uncontrolled ON OFF Uncontrolled
1 7.8 4.9 14.6 16.8 —59.18 46.58 53.57
2 12.8 8.5 27.7 30.5 —50.58 53.79 58.03
3 16.4 11.6 39.5 43.3 —41.37 58.48 62.12
4 18.5 13.7 48.0 52.7 —35.03 61.46 64.90
5 19.3 14.8 52.2 57.5 —30.40 63.03 66.43

the structural 5th floor responses of the PSO control and the  the ON-control structure. However, the acceleration responses
OFF-control structure. of the PSO control structure are far superior to those of the

It can be obtained from Figure5 that the displacement  ON-control structure. Under the PSO algorithm, the structural
responses of the PSO control structure are inferior to those of ~ 5th floor maximum displacement response is 19.3 mm, which
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TABLE 2 | The maximum acceleration responses comparison of each floor (EI-Centrol).

Floor Maximum acceleration (m/sz) Reduction rate of the PSO algorithm compared with other
control algorithms (%)

PSO ON OFF Uncontrolled ON OFF Uncontrolled
1 1.66 5.21 2.83 2.36 68.13 41.32 29.59
2 2.76 5.77 3.91 3.87 52.11 29.39 28.70
3 3.99 5.79 4.47 4.88 30.94 10.52 18.09
4 4.88 5.76 5.35 6.00 15.25 8.75 18.61
5 5.90 712 5.75 6.60 17.11 -2.63 10.58
A l5 B 1.5
2 1 S
5 5
& E
=]
3 0.5 3
0
0 2 4 6 8
Time (s) Time (s)
C D
2 1
< <
o} o}
0
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FIGURE 8 | Control currents of MR dampers of each floor of the PSO control structure (El-Centrol). (A) The 1st floor control currents. (B) The 2nd floor control
currents. (C) The 3rd floor control currents. (D) The 4th floor control currents. (E) The 5th floor control currents.

is effectively reduced by —30.40% compared to that of the  m/s?, is reduced by 17.11% compared to that of the uncontrolled
uncontrolled structure, 14.8 mm. But under the PSO algorithm,  structure, 7.12 m/s>. This is because under ON-control method
the structural 5th floor maximum acceleration response, 5.90  the control currents applied to MR dampers are always the
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maximum current 2A, this inevitably makes the structural
stiffness always very large. In this case, as mentioned above,
the structural displacement responses must be significantly
improved. However, the cost is that the frequency and amplitude
of the structural acceleration responses are obviously amplified,
which is not expected in the control process.

It can be obtained from Figure 6 that the displacement
responses of the PSO control structure are significantly better
than those of the OFF-control structure but the acceleration
responses of the PSO control structure are not as much as
those of the ON-control structure. Under the PSO algorithm, the
structural 5th floor maximum displacement response is 19.3 mm,
which is effectively reduced by 63.03% compared to that of the
uncontrolled structure, 52.2 mm yet under the PSO algorithm,
the structural 5th floor maximum acceleration response, 5.90
m/s?, is reduced by —2.61% compared to that of the uncontrolled
structure, 5.75 m/s2.

Figure 7 shows the maximum seismic responses of each floor
under different control methods. Table1 lists the maximum
displacement responses as a numeric comparison of each floor
under different control methods. Table 2 lists the maximum
acceleration responses as a numeric comparison of each floor
under different control methods. It can be seen that for the
displacement responses of each floor, the PSO control algorithm
is slightly inferior to ON-control method, however, its shock
absorption effect has reached the seismic requirements of the
buildings and building codes and the reduced amplitude of
each floor relative to the uncontrolled structure is also reduced
by a minimum of 53.57%. For the maximum acceleration
response of each floor, the ON-control method not only fails
to reduce the maximum amplitude of each floor, but also
causes a large scale-up. This is mainly due to the fact that
the maximum current (2A) is always given to the MR damper
in each floor under ON-control method, which makes the
structural stiffness increase too much. Nonetheless, the PSO
algorithm reduces the maximum acceleration of each floor
to a certain extent because it can define more appropriate
control currents according to the fitness function, which makes
sure that structural displacement responses and acceleration
responses are reduced as much as possible at the same
time.

Figure 8 shows control currents of MR dampers of each floor
of the PSO control structure. Figure 9 shows control currents vs.
forces of the 5th floor of the PSO control structure. It can be
seen in Figure 8 that control currents applied to MR dampers
at each time are completely different and most currents are
<1.5A in most of the time. It can not only effectively reduce
the damage to building structures caused by earthquakes, but
also reduce energy waste as much as possible. It can be seen in
Figure 9 that the amplitude of damping force produced by the
MR damper increases with the increase of the control current.
In addition, it can be seen that there are positive and negative
damping forces, and sometimes there are different damping
forces under the same control current such as 0.5A, because
the damping force generated by the MR damper is related not
only to the control current, but also to the speed of the MR
damper at the current moment. Therefore, in the case of the
same current, if the direction and/or magnitude of velocity is

5
x 10
1
.
s *°* *
0.5 ."
&
8 0
=)
=
e,
-0.5 -,
~.l.
L J . .
-1
0 0.5 1 1.5
Current (A)
FIGURE 9 | Control currents vs. forces of the MR damper of the 5th floor PSO
control structure (EI-Centrol).

different, the damping force generated by the MR damper is
also different.

When the earthquake excitation is changed, is the PSO
control algorithm still valid? Taft seismic waves are used as
the earthquake excitation to illustrate the effectiveness the
PSO control algorithm under different the earthquake excitation.
Figure 10 shows the maximum seismic responses of each floor
under different control methods due to Taft earthquake. Table 3
lists the maximum displacement responses numeric comparison
of each floor under different control methods. Table 4 lists the
maximum acceleration responses numeric comparison of each
floor under different control methods. It can be obtained that
similar to El-Centro seismic excitation, for the displacement
responses of each floor, the PSO control algorithm is slightly
inferior to ON-control method, however, its shock absorption
effect has reached the seismic requirements of buildings and
building codes, moreover, and the reduced amplitude of each
floor relative to the uncontrolled structure is also reduced by a
minimum of 44.29%. For the maximum acceleration response
of each floor, the PSO algorithm can reduce the maximum
acceleration of each floor to a certain extent, and it works better
than other methods.

CONCLUDING REMARKS

In the PSO control of the MR intelligent structure, both
the structural displacement and acceleration responses are
the control objectives, so a multi-objective control algorithm
is required. In this paper, the PSO algorithm as a multi-
objective optimal control method for the MR intelligent
structure is investigated, and numerical analysis for a five-
floor structure with one MR damper installed on each floor
under different seismic excitation is carried out. Simulation
results of the PSO control structure are compared with those
of the ON-control structure, the OFF-control structure and the
uncontrolled structure. The following conclusions are obtained
from this study.
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FIGURE 10 | The maximum response comparison of each floor under different control method. (A) The maximum displacement response. (B) The maximum
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TABLE 3 | The maximum displacement responses comparison of each floor (Taft).

Floor Maximum displacement (mm) Reduction rate of the PSO algorithm compared with other
control algorithms (%)
PSO ON OFF Uncontrolled ON OFF Uncontrolled
1 3.9 3.1 5.1 7.0 —25.80 23.52 44.29
2 6.3 52 8.5 12.6 —21.156 25.88 50.00
3 8.1 7.1 1.2 16.7 —14.08 27.67 51.49
4 9.7 8.3 13.6 19.3 —16.86 28.67 49.74
5 10.8 8.8 15.5 20.8 —22.72 30.32 48.07

TABLE 4 | The maximum acceleration responses comparison of each floor (Taft).

Floor Maximum acceleration (m/sz) Reduction rate of the PSO algorithm compared with other
control algorithms (%)
PSO ON OFF Uncontrolled ON OFF Uncontrolled
1 1.53 5.83 1.70 2.00 73.76 10.14 23.43
2 1.93 7.25 2.45 2.76 73.24 21.00 29.74
3 2.49 7.44 2.32 2.82 66.52 -7.36 11.78
4 2.66 8.87 2.58 2.68 69.94 -3.46 0.56
5 2.98 7.64 3.00 3.31 60.94 0.62 9.82

In the seismic control of structures, the magnitude of
structural displacement responses is related to the safety of
building structures, and the structural acceleration responses
are related to the destruction of the internal appendages and
furniture of the structure, and even the safety of people in it.
Therefore, the weighted sum of structural displacement and
acceleration is selected as the fitness function in the PSO control
algorithm. The simulation results show that the selection of the
fitness function is reasonable and effective.

Whether with El Centro seismic waves or Taft seismic
waves as the seismic excitation, under the PSO algorithm,

the structural displacement responses can be significantly
reduced, meanwhile the structural acceleration responses also
can be reduced to some extent, while the reduced amplitude
is relatively small. This is mainly because in the seismic
control of building structures, the displacement control is more
important than the acceleration control, the weight of the
displacement is greater than that of the acceleration in the
fitness function.

ON-control method can reduce the structural displacement
responses very-well and the result is better than that of the PSO
method. However, since the control current is always set to the
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maximum, the structural stiffness is always very large, and finally
the structural acceleration responses is greatly amplified.
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