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1. Introduction

This study introduces a new kind of steel slit damper which can be installed diagonally in steel frames as a brace-
type vibration damper. This new damper consists of three standard cylindrical tubes which have been placed inside
of each other. On the middle tube wall, several long slotted holes are created in a manner that under seismic
excitation, axial forces are created in the braces and then by its transmission to the tubes, narrow strips between
these long slotted holes are yielded and therefore energy is dissipated through shear/flexural yielding. The inner and
the external tubes will prevent the out of plane deformation of the middle tube. For fixing these tubes to each other
and limiting the forward and backward movement of the middle tube, two long slotted holes have been created on
the tubes walls. In comparison to the other available brace-type dampers, such as buckling restrained brace, this
damper is simpler and costs less. The yielding part of this modified damper can be easily inspected after an
earthquake. This damper was analyzed in ABAQUS and its hysteresis curve and the effects of its mechanical
characteristics such as strip length, strip depth, strip thickness were obtained. For checking the effectiveness of
device in mitigation of structural responses, the model of a 5-story frame, which was already designed under Iranian
2800 seismic code, was created in SAP2000. Then this structure, with and without damper was analyzed under
different ground motions such as Tabas, Kobe and Elcentro. The results were indicating that the lateral
displacements and the base shears of the multi-story building have been significantly reduced

2. Methodology

2.1. Finite element modeling of TTD damper

ABAQUS program was used for finite element analyses of TTD damper. In this program, C3D8R type of solid
element which is suitable for explicit analyses, was used for the modeling of steel tubes. In order to model the
plastic properties of steel material in ABAQUS, real stress-strain properties were used instead of engineering stress
and strain. Tie option was used for the modeling of welds [1]. In Fig. 1, a specimen modeled in ABAQUS program
has been shown. The results of these analyses have been compared with the experimental results of the damper
which was provided by Benavent [2]. By this comparison, the validity of the generated TTD models in ABAQUS
software was proved.

2.2. FE modeling of the proposed damper

In the current research work, a slotted steel damper which uses tubes with circular cross sections instead of
square profiles has been introduced. The same as TTD, it is used in the form of ordinary diagonal bracings. Fig. 2
shows this damper in detail. This damper consists of three standard cylindrical tubes which have been placed inside
of each other. On the wall of middle tube, several long slotted holes are created in a manner that under seismic
excitation, axial forces are created in the braces and then by its transmission to the tubes, narrow strips between
these long slotted holes are yielded and therefore energy is dissipated through shear/flexural yielding. The inner and
the outer tubes will prevent the out-of-plane deformation of the middle tube. For fixing these tubes to each other and
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limiting the forward and backward movement of the middle tube, two long slotted holes have been created on the
tubes walls. Because TTD, a damper quite similar to this new one, has been already modeled by ABAQUS and its
validity has been successfully proved, therefore, this modified damper was also analyzed by ABAQUS. During this
analysis, the hysteresis curve of the device and the effects of its mechanical characteristics such as strip length, strip
depth, and strip thickness were investigated.

2.3. FE modeling of 5-story steel structure

For checking the effectiveness of the device in mitigation of the responses of multistory structures, the model of a
5 story frame, which was already designed according to the Iranian 2800 seismic code, was created in SAP2000.
Link element in the SAP2000 program was used for locating the damper in the braces of 5-story structure. The
stiffness of these elements was applied in U direction [3]. Nonlinear time history was conducted on this structure.
Then this structure, with and without damper was analyzed under different ground motions such as Tabas, Kobe and
Elcentro records. Relative displacement of stories and story shears by members and dampers were obtained.

Fig. 1. The details of the TTD damper Fig. 2. The details of the modified damper with circular sections

3. Results and discussion

3.1. Results of FE modeling of the proposed damper

The effects of parameters such as b, t, d and h on this proposed damper were studied. The results showed that the
equations of SSD damper (Eq. (1)) can be used in this proposed system as well.

f.th? 2f.th 2
Qy=min n y ’n_y ,QB=min nthb ,anBtb
2h’ 3J3 2h’ 3J3

o
Y nEtb?

@

3Q,h'
(1+3Inh+2r)+ Q (1+Inh+2rj

h' 2nEtbG h'

' =h+[2r2/(h+21)|

Qv, Qg and d, are the axial yielding load, maximum load and the yielding displacement of the strips, respectively. b
and t are the strip width and thickness, respectively; r is the radius of the end part of the strips. and n is the total
number of strips in the damper [2, 4].

3.2. The effects of the proposed damper in mitigation of the responses of structures

The results indicated that by installation of the modified damper in a 5-story building, drifts and base shear were
decreased significantly in all excitations. The displacements were decreased around 20-37 percent and the base shear
was decreased approximately 14 percent.

4. Conclusions

According to the results of performed analyses on the modified damper, it was shown that the modified damper
had noticeable effect on the mitigation of seismic responses of steel structures. The base shear decreases about 14
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percent and structural displacements decrease approximately about 20-37 percent. The proposed damper is made of
the available materials and sections and does not need advanced technology for its productions. Inspection and
repairing of this new damper are performed easier than the other similar systems.
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