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ABSTRACT

Vibration control of structures includes passive, semi-active, active and
hybrid control. Tuned mass dampers (TMDs) as one of the most effective
methods for passive control of structures are in the focus of researches in
recent years. In this paper, 10-story special truss moment frame (STMF), in
the state without buckling restrained braces (BRBs), with the presence of
BRBs, as well as the addition of TMDs on the structure equipped with BRBs,
has been investigated under different earthquakes, regardless of the effect
of the site. In this regard, TMDs with a mass ratio of 2% of the mass of the
structure have been installed at six points on the roof of the structure. The
results suggest the appropriate performance of TMDs and BRBs together.
The amount of improvement in the results compared to the case without
BRBs in structure is 27.95%. The effect of adding TMDs in reducing the
vibrations of the structure is almost the same as the case with BRBs.
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Introduction

One of the most effective methods for
structural control is the use of passive tuned
mass dampers (TMDs). These dampers
typically have a mass of about 1 to 5 percent of
the total weight of the structure and are
connected to a location in the structure, usually
the one with the greatest displacement, via a
spring and a damper. TMDs are generally tuned
to the fundamental frequency of the structure.
When this frequency is excited, the TMD,
through its out-of-phase motion relative to the
structure, absorbs and dissipates seismic
energy. It is important to note that the
effectiveness of both passive and active TMDs
is highly dependent on the optimization of their
parameters. Most studies on TMDs have aimed
to determine optimal values for parameters
such as stiffness, damping, and sometimes mass
under various loading conditions modeled in
different ways. In these studies, various criteria,
such as minimizing maximum displacement,
acceleration, and velocity of the structure, have
been used to find the optimal parameters.

Modeling and Evaluation Procedure

In this study, a ten-story special truss
moment frame (STMF) structure has been
subjected to incremental dynamic analysis
(IDA). The structure was modeled in
OpenSEES under three different scenarios:
without BRBs, with BRBs, and with both BRBs
and TMDs. In order to model the structures and
investigate the objectives of this study, the
structures presented by Pekcan et al. [23] in
2009 have been used. Their structure is a
STMF, with and without BRBs. The steel
behavior in the Opensees software was defined
using the uniaxialMaterial Steel02 command.
Beam and column elements were defined as
nonlinearBeamColumn, which is a nonlinear
element. The nonlinear beam-column element
accounts for the distributed plasticity along the
length of the element. Beam and column cross-
sections were created using the section fiber
command. To account for the P-Delta effect,
the geomTransf PDelta command was used.
The mass ratio of the TMD is 2% of the total
mass of the structure. The frequency and

damping ratio of the TMD are determined using
Equations (1) and (2) proposed by Pastia and
Luca [25]. In the equations used in this study,
the objective function for optimization is the
reduction of displacement at the location where
the TMD is installed.

f
frvo = m (D)
_ | 3u
§0Pt - 8(l+lu)3 (2)

frup and f, are the frequencies of the TMD

and the structure, respectively. p is the mass
ratio, and &, is the optimal damping ratio of

the TMD. The mass of the TMD is installed at
six points on top of the structure, at the ends of
the roof columns. In order to model the stiffness
and damping of the TMD, elastic and viscous
materials were used respectively in the
OpenSEES software.

Results

By installing multiple TMDs at six points
on the roof of the structure, a significant
reduction in roof displacement response is
observed compared to both previous cases
(with and without BRBs). The highest
displacements are recorded in the case where
the structure is not equipped with any control
devices, such as TMDs or BRBs. In addition to
increased roof displacement in this case,
residual displacements are also present in the
structure after the earthquake loading ends,
which increase with higher peak ground
acceleration. Table 1 shows the average values
of improvement in the peak roof displacement.
Tables 2 and 3 present the average
improvement in the peak roof acceleration and
base shear of the structures with various control
systems, respectively.

Conclusion

According to the analysis results, the
structure without BRBs enters the nonlinear
range  with  increasing peak  ground
accelerations, leading to the formation of
plastic hinges. These plastic hinges cause the
structure to vibrate around new axes, and
residual displacements remain evident after the
earthquake loading has ended.



Table 1. Average of improved roof displacement

With _ With With

PGA(g | BRB/Wit BRB+TMD/Wit BRB+TM

) hout BRB hout BRB (%) D/ With

(%) BRB (%)
0.1 7.15 27.06 21.44
0.2 4.95 24.87 20.96
0.3 3.10 24.20 21.78
0.4 7.02 26.70 21.16
0.5 4.22 24.94 21.63
0.6 1.84 21.83 20.36
0.7 0.05 19.76 19.72
0.8 16.04 32.84 20.01
0.9 21.80 37.44 20.00
1 25.03 39.95 19.90

Table 2. Average improved values of maximum
roof acceleration

With _ With With
PGA(g | BRB/Wit | poo oot | BRBYTM
) hout BRB hout BRB (%) D/ With
(%) BRB (%)
0.1 24.36 42.46 23.69
0.2 20.04 38.04 22.31
0.3 12.66 32.20 23.26
0.4 10.40 27.56 23.24
0.5 10.30 23.43 22.04
0.6 10.70 19.88 20.90
0.7 12.69 18.25 22.15
0.8 12.64 17.12 21.78
0.9 12.44 17.40 21.82
1 13.93 19.06 20.96
Table 3. Average improved values of maximum
base shear
With _ With With
PGA( | BRB/Wit BRB+TMD/Wi BRB+TM
9) hout BRB thout BRB (%) D/ With
(%) BRB (%)
0.1 23.37 41.26 22.79
0.2 20.07 37.40 21.31
0.3 11.78 31.12 21.25
0.4 10.32 26.56 22.23
0.5 10.20 22.33 21.88
0.6 10.12 18.77 19.45
0.7 11.62 17.21 21.21
0.8 11.67 16.12 20.67
0.9 11.35 16.32 20.43
1 12.66 18.43 19.77

With the addition of BRBs and the
yielding of these braces, energy dissipation
occurs along their length, accompanied by a
reduction in structural displacements. To
prevent the formation of plastic hinges in the
columns and to limit the structural
displacements, TMDs were implemented. This
approach has proven effective, as reflected in
the results. By adding BRBs to the truss beams,
the stiffness of the beams increases, which
slightly reduces the fundamental period of the
structure from 1.928 to 1.925 seconds.

However, when TMDs are installed on the roof
to suppress vibrations, the fundamental period
increases from 1.928 to 2.17 seconds. These
dampers, operating out of phase with the
structural motion, reduce the structural
responses. Although TMDs are typically tuned
to the fundamental mode of the structure, the
characteristics of the input ground motion and
the site soil conditions can significantly
influence the behavior of both the structure and
the dampers. Furthermore, once the structure
enters the nonlinear range, the tuning of the
TMDs may no longer be optimal. Therefore,
employing multiple tuned mass dampers and
novel control strategies can enhance the
effectiveness of vibration mitigation. The
addition of BRBs to the structure has led to an
average reduction of 9.11% in displacement
responses compared to the case without BRBSs.
Moreover, the incorporation of TMDs resulted
in improvements of 27.95% compared to the
bare structure (without BRBs) and 20.69%
compared to the structure equipped with BRBs.
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