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Abstract. By utilizing additional smart dampening devices, semi-active vibra-
tion control is considered a powerful way of lowering the dynamic reactions of
structures. The task is carried out by making diagrams in Simulink and the Matlab
program. This is used to determine the natural frequency of a building and the
vibration response that occurs in the building. In addition, the shape mode of a
building model that will be tested with the application of damping devices can
also be known. In this paper, simulation by Simulink will be elaborate to observe
the effect of damping and stiffness constants on the vibration properties of a seis-
mic building to evaluate shape mode and vibration response of structure model.
The building simulation is a model of a four-story building. The response from
the fourth floor achieved the highest peak displacement at 3.7 cm and reached
stability with the longest time of 550 ms.
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1 Introduction

Earthquakes are one of the natural disasters that often occur in several countries. This
results in losses in the form of material, physical and mental [1]. These losses can be
minimized by using several methods, one of which is the application of damping tech-
nology to building structures, such as residential buildings, office buildings, and bridges
[2]. Viscous damping technology is quite popularly used to anticipate earthquakes [3].

However, before fabricating the prototype of the MR damper as a device that can
be applied and tested, it is better to use a numerical approach to avoid fatal errors [4].
One approach that can be done is to use software such as Matlab [5]. This approach is
carried out by making diagrams in Simulink and the Matlab program [6]. This is used
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to determine the natural frequency of a building and the vibration response that occurs
in the building [7].

This paper contributes a simulation approach to a model of a four-story building
to observe the effect of damping and stiffness constants on the vibration properties of
a seismic building to evaluate the shape mode and vibration response of the structure
model.

2 Methodology

The design of the building structuremodel and theMRdamper that have been determined
both in terms of material and performance is an important part of the accuracy of the
approach. The parameters that need to be considered, as shown in Table 1, greatly affect
the results of the approach taken with Matlab.

Table 1. MR damper building structure parameters.

Parameter Value Unit

F1 11.6 N

F2 46.6 N

F3 105 N

F4 186.6 N

c 6.64 Ns/cm

m1 = m2 = m3 = m4 10 kg

k1 = k2 = k3 = k4 276.4 kg/s2

Furthermore, themodel of the building structure is changed in the form of a Simulink
diagram. It aims to determine the vibration response and the value of the natural fre-
quency of the building structure. Then the shapemode is known through a simpleMatlab
program with the specified parameters (Fig. 1).

Fig. 1. Design of a four-story building.

The design of a four-story building is equipped with a damper on each floor. The
dampers are installed diagonally and two dampers are installed on each floor.
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3 Result and Discussion

After all of the parameters are entered into the MATLAB Simulink program, the simu-
lation process is then carried out. One example of the results of the simulation approach
is shown in the figure below (Fig. 2).

Fig. 2. Vibration response.

From the Figure, it can be seen the results of the Vibration Response from the first
story to the fourth story. The results of the first Vibration Response Story obtained a
peak displacement of 1,75 cm and reached stability at 400 ms. The second story has a
peak displacement of 2,8 cm and reaches stability after 500 ms. The third and fourth
stories obtained almost the same peak displacement at 3.5 cm and 3.7 cm, respectively,
and reached stability after 550 ms for the third story and 570 ms for the fourth story,
respectively (Fig. 3).

Fig. 3. Simulink Bode Plot Result (a) 1st Story (b) 2nd Story (c) 3rd Story (d) 4th Story.
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Next is shown in the Figure Bode Plot of each floor which is represent the actual
behaviour of the building for a given condition, Figures (a) through (d) showing the
first through fourth floors, respectively. The Bode Plot is a combination of magnitude,
expressing the magnitude of the frequency response, and a phase plot, expressing the
phase shift. Both quantities are plotted about the horizontal axis proportional to the
logarithm of the frequency (Fig. 4).

Fig. 4. Structure shape mode.

The Figure above shows several forms of vibrationmode, obtained from the equation
of motion that affects the stiffness of the building structure k, mass m, and natural
frequency ωn. The structural mode shape is an important step in the research because
with it we can predict the response of the building when it receives a certain load.

4 Conclusion

Vibration mode was obtained from the equation of motion that affects the stiffness of
the building structure k, mass m, and natural frequency ωn. Natural frequency, shape
mode, and modeling vibration response to a model of a four-story building with the
installation of an MR damper have been discussed in this paper. Diagrams in Simulink
and the Matlab program have been carried out. The vibration response from the fourth
floor achieved the highest peak displacement at 3.7 cm and reached stability with the
longest time of 550 ms.
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