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1. Introduction

Previous studies on the effect of TMD to control the
vibrations of structures have generally been carried out for
specific parameters and installation positions of TMD
system. In this study, the impacts of mass and installation
height of TMD in controlling the crosswind and along-
wind vibrations of tall buildings were studied. The tall
building is modeled as a vertical cantilever beam with
masses concentrated at the nodes, and the response of the
structure is obtained in the frequency domain. The optimal
values of TMD were extracted for different mass ratios and
its height position. The top-floor acceleration of the
structure is considered as the objective function, and the
impact of various TMD parameters, including its mass
ratio and height position, on the efficiency of the system
was evaluated and discussed.

2. Analytical model and wind characteristics

The structural behavior of the building was modeled as a
multi-degree-of-freedom vertical beam with masses
concentrated at the nodes. The equation of motion of the
multi-degree-of-freedom system under dynamic loads is as
follows:

MX+CX+KX=F 1)

where, M, C and K are the mass, damping, and stiffness
matrices respectively, X is the vector of nodal
displacements, and F is the vector of external forces. The
stiffness matrix of the structure was calculated by
assembling the stiffness effect of the beam elements. To
reduce the volume of calculations, the rotational degrees
of freedom are compacted in translational displacements.
The mass matrix was determined by calculating the mass
of the structure at the nodes. The inherent damping matrix
of the structure was determined using the proportional
method and with the following formula:

C,=¢ Ag"
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where, ¢ is the matrix of mode shapes, and Y, & and ®
are the modal mass, damping and frequencies,
respectively. A is the diagonal matrix whose main diagonal
members are the modal damping.

The analytical model of the building equipped with a
TMD, for the case that TMD is installed at the upper level
of the structure, is shown in Figure 1. The TMD stiffness
and damping ratio parameters are tuned in a way to
optimally reduce the vibrations of the main structure. The
response of the structure was obtained using the random
vibration theory and frequency domain analysis. The
transfer matrix of the structure is determined based on
structural dynamic characteristics and the power spectral
density (PSD) matrices of the crosswind and along-wind
forces are computed using the common functions available
in previous studies.

Cmip
p Mo
TMD

—

Figure 1. The schematic configuration of the tall building
equipped with a TMD system installed at the top and its
analytical model
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3. Tall building characteristics and results

To see the impacts of TMD parameters in controlling the
wind-induce vibrations, an example of a tall building with
a height of 400 meters and square cross-section with plan
dimensions of 50 and 40 meters in the lower and upper
levels, respectively, is presented. The root-mean-square
(RMS) along-wind and crosswind acceleration of the
uncontrolled structure was 9.39 and 18.66 cm/s2,
respectively, which were beyond the occupant comfort
limit.

Figure 2 shows the reduction percentage of the
crosswind acceleration and displacement responses of the
upper level of the structure against the TMD mass. The
reduction in acceleration is greater than that of
displacement. For instance, for a 600-ton TMD, the
reduction of the crosswind acceleration and displacement
are 48% and 34%, respectively. Moreover, the control
performance of the TMD system increases with the
increase of the TMD mass. However, the slope of the
curves decreases with the increase of the TMD mass. This
shows that obtaining a greater response reduction requires
very massive TMDs.

0%

g

2

Response reduction
(1]

—— Acceleration

—a— Displacement

mﬁ i 1 Il 1 Il 1 ]
0 100 200 300 400 500 600
TMD mass(ton)

Figure 2. The variation of the crosswind acceleration and
displacement control of the structure versus the TMD mass

Figure 3 shows the variation of the percentage reduction of
the crosswind acceleration of the top-floor of the structure
for different values of the height of the TMD installation
location and the damper masses of 100, 300, and 500 tons.
According to this figure, the reduction of the acceleration
increases with the increase of the height of the TMD
installation location. The incremental ratio of the system
control is higher for lighter TMDs. For example, for 100,
300 and 500 ton TMDs, the reduction of the top-floor
crosswind acceleration, when the TMDs are installed at the
320 meter level, are 24.23%, 33.72%, and 38.56%,
respectively, and when the TMDs are installed on the top-
floor are 30.68%, 41.28%, and 45.81%.
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Figure 3. Variations in the reduction of lateral acceleration
of the upper level for changing the height of the installation
and different values of the TMD mass

4. Conclusion

For the tall building and assumed wind engineering
specifications, the crosswind response of the structure is
more than the along-wind vibrations. The crosswind
acceleration of the top-floor of the uncontrolled structure
is about 99% more than the along-wind acceleration.

2. For the 600 ton TMD system installed at the top floor,
the crosswind displacement and acceleration of the top-
floor were reduced by 34% and 48%, respectively,
compared to the uncontrolled state.

The results of investigating the impacts of the height
position of TMD showed that the reduction of the
structural response increases with the increase in the height
of the TMD installation location, and the incremental
amount of control is greater for lighter TMDs. For
example, for 100, 300, and 500 ton TMDs, the reduction
of the top-floor crosswind acceleration when the TMDs are
installed at the 320 meter level are 24.23%, 33.72% and
38.56%, respectively, and when the TMDs are installed on
the top-floor are 30.68%, 41.28%, and 45.81%.
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Investigation of the Effect of the Mass and Installation Height of TMD System on the Wind-
Induced Vibration Control of Tall Buildings

Nahmat Khodaie Hamed Teimouri

Abstract Tuned mass damper(TMD) is an efficient tool to control wind-induced vibrations of tall buildings. Previous
studies on the effect of TMD are generally limited to specific conditions. In the present study, the effect of the mass and
installation height of TMD on the wind-induced vibration control of tall buildings are investigated. An example of tall
building with the height 400 m and square variable cross section is presented. The analytical model of the building is
assumed as a multi-degrees-of-freedom vertical cantilever beam with the masses lumped at the nodes. The wind-induced
responses of the structure are computed using the frequency domain analysis and the random vibration method for a wide
range of studied parameters. The resultsindicated that the vibrations of the structure and TMD system decreases with
increasing the mass of theTMD. For instance, the 100 and 600-ton TMD installed at top-floor reduced the top-floor
crosswind acceleration by 31 and 48 percent, respectively. By increasing the installation height, the control effectiveness
.of the system increases, while the vibration of the TMD does not change considerablyFor a 300-ton TMD installed at
320 and 400 m heights, the crosswind acceleration reduced by 33.72 and 41.28 percent and the RMS displacement of the
TMD at these heights were 58.68 and 54.92 cm, respectively.

Keywords Tuned mass damper, Tall building, Wind-induced vibrations, Cross wind, Along-wind.
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