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1. Introduction

The rigid steel connections were suffered severe damage because of low rotational capacity during
earthquakes. Therefore, many investigations have been performed on the connections of steel structures. In
order to prevent brittle failure of connections and damage of main structural members, steel slit dampers are
used in the beam-to-column connections (Oh et al., 2009). Slit damper is a plate or a standard section with a
number of slits in the web. The remaining strips in the web of damper, dissipate the seismic energy with
inelastic deformation absorption and also prevent seismic energy transmission to the main structural
members. The objective of this paper is to study the effect of strips width of elliptic slit damper on the seismic
performance of beam-to-column connection.

2. Methodology

2.1. FE modeling

In order to investigate the effect of strips width of elliptic slit damper, the nonlinear static analysis under
cyclic loads is carried out on the connections using ABAQUS software (Fig. 1). As presented in Table 1, eight
models of elliptic slit damper with different strips width is used in the beam-to-column connection. The
effects of geometrical and material nonlinearities are considered in the analyses. Plasticity behavior of steel
materials is based on the Von Mises yielding criteria. Cyclic loading protocol presented by Oh et al. (2009)
and FEMA-350 (2000) are used for the verification and other models, respectively. All parts of connection are
modeled using shell elements except the split-T plates and the upper plate of slit dampers which are modeled
using solid elements.

Fig. 1. Finite element model of the connection equipped with the elliptic slit damper
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Table 1. Geometrical properties of elliptic slit dampers

Model B(mm) r(mm)  H (mm) L(mm)  t(mm)

ESSD1 48 16 140 640 19
ESSD2 44 18 140 640 19
ESSD3 40 20 140 640 19
ESSD4 36 22 140 640 19
ESSD5 32 24 140 640 19
ESSD6 28 26 140 640 19
ESSD7 24 28 140 640 19
ESSD8 20 30 140 640 19

The interaction between elements is defined by tie constraints. To simulate the behavior of steel rigid
connections, pin boundary conditions are assigned to both ends of the column. Isotropic hardening is
assumed for the elastic and plastic state of steels. The standard linear mesh is used for all parts of connection.

2.2. Material properties

The density and the Poisson ratio of steels were assumed 7850 kg/m3 and 0.3, respectively. Other
mechanical properties of steel materials present in Table 2. The modulus of elasticity of steels for the damper
and other sections are considered 193 GPa and 214 GPa, respectively.

Table 2. Mechanical properties of steel materials (Oh, 1998)

Section F, (MPa)  F, (MPa)  Elongation (%)
Beam web 332.66 478.50 26.63
Beam flange 312.09 471.21 29.60
damper 287.07 454.69 29.80
Column flange 309.60 450.77 30.73
Column web 335.17 461.46 25.91

3. Results and discussion

The accuracy of finite element modeling with ABAQUS software, is evaluated using an experimental
specimen tested by Oh et al (Oh et al,, 2009). The analytical results have a good agreement with experimental
ones. The results show that a decrease of strips width in the elliptic slit dampers leads to decrease of Von
Mises stresses in the main structural members, increase of the energy dissipation contribution in the mid
parts of strips width and decrease of the maximum values of force and moment. The ultimate strength of
connections in the skeleton curves decreases with a decrease in the strips width, as shown in Fig. 2.
Considering taking no damage in the main structural members, 12mm decreasing of strips width from ESSD5
to ESSD8 model, leads to 41.1% and 36.9% decreasing of the ultimate strength and the maximum plastic
rotation of connection, respectively.
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Fig. 2. Skeleton curves of connections equipped with various elliptic slit dampers
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Fig. 3 shows the relationship of the maximum moment of connection (M,,,,) and the ratio of strip width to
the slit radius (B/r) of the elliptic slit dampers. This relationship (Eq. 1) is proposed using regression method
with correlation factor of 0.955, as follows:

B\? B (10
Mpax = —171.776 (7) +1071.413 <7> + 258.045
In the beam-to-column connections with respect to section dimensions, beam plastic moment can be
calculated. Hence, considering desirable safety factor, the maximum moment of connection is determined.
Therefore, the ratio of strip width to the slit radius of the elliptic slit damper can be calculated using proposed
equation.
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Fig. 3. Relationships of the maximum moment of connection versus the ratio of strip width to the slit radius for elliptic slit
dampers

4., Conclusions

Based on the results of analyses, the main following conclusions can be drawn:
1) In the proposed slit damper with elliptic slits, stress distribution is improved along the strips width. In
addition, stress concentration is decreased in the end parts of strips.
2) Decrease of strips width of slit damper, leads to decrease of Von Mises stresses in the main structural
members.
3) The energy dissipation contribution in the mid parts of strips width increases with a decrease in the strips
width of the elliptic slit damper.
4) In the hysteresis curves, the maximum value of force and moment sustained by the connection decreases
with a decrease in the strips width of the elliptic slit damper.
5) Comparison of skeleton curves shows that with respect to taking no damage in the main structural
members, a decrease in the strips width is resulted in 41.1% and 36.9% decreasing of the ultimate strength
and the maximum plastic rotation of connection, respectively.
6) According to the results obtained by finite element models of elliptic slit dampers, an equation is proposed
between the maximum moment of connection and the ratio of strip width to the slit radius. Considering
section dimensions of the beam-to-column connection, the ratio of strip width to the slit radius of the elliptic
slit dampers can be calculated using proposed equation.
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