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1. Introduction

Near fault earthquakes compared to far-fault earthquakes have greater potential to create damage in
structure. In this paper, the effect of far fault and near fault events on the structural response of reinforced
concrete shear wall with buckling restrained brace frame in tall and mid-rise buildings is studied. In the
modeling, the specification of the reinforced shear wall and the buckling restrained braces is used. This kind of
structural system is essentially a combined system. In this study, the structural system of the considered
buildings is designed by using the valid codes and using response spectrum analysis method. Then, the
nonlinear model is prepared. In the numerical model of the walls, the fiber type elements is used. The nonlinear
time history analysis is implemented subjected to the far fault and near fault earthquakes. Finally, the
responses of the structures are analyzed and compared. The results showed that, in the level of the base, the
amount of shear demand of the wall share in the near field and far field is more than three times and twice the
amount of shear demand share of braces. On average, the values of the strain demand ratio to the yielding strain
in the core of the braces under the near field earthquakes was about 22, which is approximately 12 for the far
field earthquakes.

2. Methodology
2.1. Design of models

The case-study structures were 8, 16 and 24-story buildings with a typical floor height of 3.5 m. The RC wall
along with BRBs resisted all the seismic loads of ground motion for these buildings. The cases are plane
structures and the columns and beams are steel material. The nominal design yielding stress of the
reinforcement bar and steel material of the columns or beams are 400 and 370 MPa, respectively. The nominal
strength of concrete was assumed at 45 MPa.

To design the assumed structures, ETABS software was used to create a linear elastic finite element model.
Shell-type plate element was used to model the wall. This type of element uses a triangular or quadrilateral
formulation that combines separate membranes and plate-bending behaviors. Line elements were used to
create beams and columns. The connection of the beams to columns was of the penned type. Wall bases were
fixed and column bases were pinned. The portions for the dead and live load carried by the wall and columns
were assigned to the wall. The appropriate mass portion of each story was assigned to mass center of the frame.
The design of the frames was based on the ASCE-7 and ACI318-11 (ACI 318, 2011; ASCE 7, 2010).

To investigate the seismic behavior of the structures, nonlinear models were made in Perform-3D software
(PERFORM-3D 2011). The columns and beams were modeled with elastic elements. After each analysis, the
elastic behavior of these elements was checked through controlling the demand/capacity ratio. The
corresponding mass quantity was assigned to the center of mass at each frame floor.
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BRB element in the Perform-3D is a bar-type component that resists axial force only and has no resistance
to torsional or bending forces (PERFORM-3D User guide 2006). The element contains two bars in series. There
is a linear portion that is elastic and a nonlinear core portion capable of yielding.

An appropriate set of ground motion records was necessary to implement NLTHA. A total of 14 horizontal
far-field and near-field ground motions was selected from the pertinent set of the FEMA P695 (2009). All
records were faulted normal component of the ground motions, and their time histories were obtained from
the PEER NGA database. The scaling procedure of the records was completed as per ASCE7. The ground
motions were linearly scaled such that their mean spectra for 5% damping ratio, matched or exceeded the MCE
design spectrum over periods ranging from 0.2T to 1.5T, where T is the estimated building fundamental period
(ASCE/SEI 7-2010, 2010).

3. Results and discussion
3.1. Analysis results

For the considered systems, Fig. 1. plots the contribution of BRBs and the wall for bearing the lateral shear
load along the height. It is obvious that in each level of the structures, the shear force is carried by the RC wall
as well as BRBs. At the lower levels, the shear quota of the wall is larger than the BRBs. For example, the wall
shear demand at the base of the 24-story building is more than twice that of the BRBs. This ratio is larger for
the shorter structures. The reason is the greater stiffness and less lateral displacement of the wall compared to
the BRBs, especially at the lower levels of a system. Commonly, in the lower levels, the racking deformation
tendency of the BRBs for the shorter structures is stronger than that for the taller ones; therefore, in the shorter
buildings, the difference between the shear load contribution of the wall and the BRBs is more severe.
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Fig. 1. Wall-BRB interaction for story shear load contribution in the examined structures

4. Conclusions

The structural system that consists of BRBFs and RC shear walls is new. It compensates the deficiencies of
the BRBF. In this paper, some prototype models of the proposed systems were designed according to the code
recommendations. Then, the nonlinear model of the systems was prepared using fiber elements for the RC wall
and appropriate elements for the BRBs. Finally, NLTHA was implemented using the severe ground motion
records. In the RC wall, most plasticity extension is at the base of the wall. However, slight plasticity extension
in some upper region is also probable. The results showed that, in the level of the base, the amount of shear
demand of the wall share in the near field and far field is more than three times and twice the amount of shear
demand share of braces. On average, the values of the strain demand ratio to the yielding strain in the core of
the braces under the near field earthquakes was about 22, which is approximately 12 for the far field
earthquakes.
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