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1- Displacement Coefficient Method
2- Capacity Spectrum Method

3- Equivalent Linearization Method
4- Modified Coefficient Method
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Abstract:

Retrofitting of structures to resist lateral loads induced by earthquake, various lateral load resistance systems
may be used. Each of these systems has advantages and disadvantages. Sometimes, to eliminate the
disadvantages of one system, the combination with other system may be used.In this research, two sets of three
dimensional building systems composed of Steel moment resistant frame system and dual system (consisted of
steel moment resisting frame with reinforced concrete shear wall) have been selected for investigation. These
three dimensional (3D) building structures which have been considered for the two levels of medium and high
ductility with 3,5,8, 12 and 15 stories. All 3D structures were designed (utilizing ETABS software) in
accordance to allowable stress deign (ASD) method and load and resistance factor design (LRFD) method based
on the Iranian code of practice for seismic resistant design of buildings (standard 2800) and the last and new
version of the Iranian national building code for steel structures Part -10. Then performance levels of all
structures are evaluated in two hazard level-1 (with the return period of 475 years) and level-2 (with the return
period of 2475 years).In order to evaluate performance level of the aforementioned structures, they were
modeled three dimensionally using CSI Perform-3D software for both nonlinear static and dynamic analysis. In
the case of nonlinear static analysis (pushover analysis) different codes methods such as: “Displacement
Coefticients Method (DCM)” in accordance to the FEMA-356, ”Capacity Spectrum Method (CSM) ™ as per
ATC-40, ”Equivalent Linearization Method (ELM)” and “Modified Coefficient Method (MCM)” given by
FEMA-440 have been implemented.The results obtained from the nonlinear static analysis exhibit that the
performance level corresponded to the life safety cause less damage compared to the damage due to expected life
safety performance. This result is in good agreement with the aim of Iranian code of practice for seismic resistant
design of buildings (standard 2800).

For nonlinear time history dynamic analysis (NTHY) out of thirteen coupled ground motion accelerations from
the strong motion data base of PEER, seven accelerations with minimum of 20 km from the source and
magnitude range of 5.9 to 7.3 were selected. The soil type II was considered having shear wave limit between
375 to 750 m/sec. The result and the accuracy of pushover analysis has been compared with the nonlinear time
history analysis. This indicates that the results obtained by ELM and the MCM methods given by FEMA-440,
are closer to the results of NTHA. The CSM results are not as accurate as methods given by FEMA-440
specifically for the structures having reinforced concrete shear walls provide upper bound results. Finally, this
research evaluates and compares these two set of designed buildings with respect to material consumption.The
relevant results of medium and high ductility levels obtained for both ASD and LRFD method, indicate that the
steel used for steel moment resisting frames are more compare to that of dual systems. This is due to the
presence of RC shear wall that causes the reduction in columns stiffness and controls the lateral drift of the
buildings.

Keywords: Dual systems, Concrete Shear Wall, Nonlinear Static Analysis, Performance Level
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