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Evaluating the seismic performance of structures is one of the
interests and responsibilities of structural and earthquake
engineers. The eccentric bracing system has always been one of the
most important and widely used structural systems due to its high
strength, stiffness and ductility. These structures are usually
designed with horizontal shear and bending links. In this research,
using nonlinear dynamic analysis, the seismic response and
performance of these structures under near-field records with and
without vertical components in addition to considering the effect of
soil-structure interaction were investigated. Therefore, three types
of frames of 4, 8 and 12 floors were designed and modeled non-
linearly using the finite element method in Perform-3D software.
Maximum displacement and displacement of roof residue, floor drift
and base shear of these structures were selected and studied as
engineering demand parameters. The results showed that the
structure with horizontal shear link had much better responses than
the frame with horizontal bending link. In addition, the effect of soil-
structure interaction increased the roof displacement and reduced
the base shear on the structure.
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EXTENDED ABSTRACT

Introduction

A greatdeal of research has been conducted on evaluating the performance of structures
against earthquake loads, of which the eccentric bracing system is one. Many parameters
affect the behavior of structures. The effect of the vertical component of seismic loads and
the effect of soil and structure interaction are two of these parameters. The simultaneous
effect of the vertical component along with the effect of soil and structure interaction can
have a great impact on the seismic response of structures. In the present research, using
time history analysis, the effects of the vertical component and soil and structure interaction
on the seismic behavior of eccentric bracing frames with horizontal shear and bending links
were investigated simultaneously to discover which of these parameters has a greater effect
on the response of the structure.

Methodology (Modeling and Seismic load)

Double bending frame systems with 4, 8, and 12-story eccentric bracing with bending
and shear links were used to evaluate the seismic response of the research. For this purpose,
all beam and column connections were considered rigid. Structural systems in the form of
steel bending frames with external braces were modeled and designed according to the
AISC regulation. The arrangement of braces is shown in the structural plan according to
Figure 1.

Table 1. Values of soil hardness parameters. PR
Parameter Quantity Unit
B 2 m
g 10 m/s"2
L 15 m -
G 6930000 Kg/m ki r ®
GO 13860000 Kg/m T r 3
\4 0.3 -
Vs 300 M/s
gama 1540 Kg/m3
Kx 112486509.9 N/m r—
Kz 154929016.4 N/m 3@4m
Kyy 4690503561 N/m

Figure 1. Braces arrangement plan.
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Figure 2b. Vertical components. Figure 2a. The response spectrum of the records
and the spectrum of the standard plot for
horizontal components.

I-shaped sections were used for beams, box sections for columns, and double channels
for braces. In order to introduce the shear and bending links, the lengths of halfand 1 meter
respectively were selected for the link beam. one of the surrounding bracing frames was
selected to evaluate the seismic behavior and was modeled as finite elements in Perform-
3D software in a non-linear way. For the nonlinear modeling of link beams, bending and
shearing plastic joints were used in such a way that bending joints were defined at both
ends of the connecting beam and shearing plastic joints were defined in the middle. An
extended spring stiffness model was used to model the soil. Based on 360 publications, soil
modeling parameters were considered as per Table 1. Non-linear time history analysis
method was used to evaluate the performance of the structures considered in this research.
Seven records of the nearby field were used. For selection of records, 2800 standard
recommendations were used. Shear wave speeds between 175 and 375 m/s were taken
into account as type I soil criterion in the selection of records. Figures 2 a and b
respectively show the spectrum of the selected horizontal and vertical component records
and its scaling with the standard spectrum of 2800. The nonlinear time history analysis was
performed and the behavior of the structures due to the application of horizontal records
(H), horizontal and vertical records (H+V) and the effect of soil-structure interaction (SSI)
with shear links and bending (moment) was evaluated.

Results and discussion

By observing the results of the analysis, despite the definition of bending and shearing
plastic joints in all connecting beams, in frames with a half-meter horizontal link, only a
shearing plastic joint was formed, and in frames with a one-meter horizontal link, only a
bending plastic joint was formed. To evaluate the effect of soil and structure interaction on
the rotation of the plastic joints of the frames, the performance of the elements of the
structures with shear and bending links in the 8-story frames under the Bam earthquake
record is shown in Figure 3. The results showed that considering the effects of soil and
structure interaction in the frames of this research increased the performance level of the
elements. Comparing Figures 3a and b confirms that the number of elements that had
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reached the level of LS performance in the case where the soil and structure interaction was
taken into consideration was greater than the case where this effect was ignored.
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Figure 5. Average drift values in five records
in the 8-story frame.

According to Figure 4, considering the effect of soil and structure interaction reduces the
shear on the structure. As shown in Figure 5, in the structure with horizontal bending and
shear link, taking into account the effect of interaction between the soil and the structure
and the vertical component increased the drift in these structures, and the effect of the
interaction was greater than the effect of the vertical component.

Conclusion

In the present research, the performance of 4, 8, and 12-story structures with bending
and shear links under near-field records, the effects of the vertical component of the seismic
load, and the effect of considering the interaction between the soil and the structure were
investigated and the findings reveal the following:

— In terms of the performance of the structure with shear link, the horizontal
displacement of the residual and the drift of floors were less than the structure with
bending link.

—  The effect of adding the vertical component of the seismic load on the response and
performance of these structures was not significant and can be ignored.
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Considering that the effect of soil and structure interaction causes the shearing of
the foundation into the structure to decrease and drift, absolute horizontal
displacement of the roof and this increase in the structure with bending link was
greater than the structure with shear link.
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