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Nowadays, many buildings around the world exhibit height irregularities. Given that higher
vibration modes can significantly influence the responses of irregular frames, it is essential
to investigate the seismic behavior of these structures. In this research, making use of
nonlinear dynamic analysis, the seismic behavior of irregular moment resisting frames is
assessed. Nonlinear dynamic analysis, due to considering the dynamic characteristics and
nonlinear behavior of the structure, is one of the most accurate methods for seismic
evaluation of structures. Despite its advantages, the complexity, high computational
demands, and time-consuming nature of nonlinear dynamic analysis have led to limited
attention from engineers in the design process of conventional structures. In recent years,
several efforts have been made to enhance this method, including the development of the
Endurance Time method. In this method, acceleration functions are generated using
optimization algorithms, reducing the need for excessive use of accelerograms. For this
purpose, 3- and 9-story frames with different types of height irregularities are considered.
These frames are analyzed using accelerations derived from the Endurance Time method. A
comparison of the results indicates that setbacks in building frames significantly influence
the dynamic responses. Notably, the difference in drift values between the story where the
setback occurs and the others is relatively large. This highlights the need for special
attention to the irregularities during the design process of such frames.
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Introduction
The evaluation of inter-story drifts is one of the most important aspects in designing process

of buildings. This process needs a particular attention for irregular buildings due to the
importance of higher vibration modes. Today, there are numerous buildings with vertical
irregularity, including stepped buildings and buildings with setbacks all around the word.
The design of such buildings continues for reasons such as architectural considerations,
aesthetics, change of use, etc. A building with setback presents a discontinuity in structural
characteristics such as stiffness; mass, etc. evaluation of the seismic performance of irregular
buildings has been a topic of research interest in last decade. In this study, the seismic
performance of moment-resisting reinforced concrete frames with setback was investigated.
To do so, 3- and 9-story frames with different types of irregularities are considered. These
frames are analyzed using accelerations derived from the Endurance Time method.

Method
In this study, making use of nonlinear dynamic analysis, the seismic performance of the

regular and irregular frames is assessed. Nonlinear dynamic analysis is recognized as the
most accurate, yet also the most complex method of structural analysis, capable of
considering the progressive changes of structure characteristics during seismic excitations.
To solve the nonlinear dynamic equations, the Newmark method is employed. The
Endurance Time acceleration functions (in), achieved based on FEMA 440, are utilized as
excitations. Lumped plasticity model is employed to simulate the nonlinear behavior of the
reinforced concrete structural components, where inelastic behavior is concentrated at the predefined
locations at two ends of member. Tri-linear moment-curvature model and a vertex-oriented
hysteretic model are utilized to capture the complex cyclic behavior of the RC elements. The
moment-resisting reinforced concrete frames, including 3, and 12 stories, are studied. The
frames are designed to meet intermediate ductility criteria as per the Iranian seismic design
code. The story height is considered to be 3.2 m.

Results

Comparing the inter-story drifts of the regular 9-story frame subjected to the accelerations
recommended by FEMA 440 with those from the Endurance Time acceleration functions
confirms the validity of ET functions in predicting seismic responses. Comparing the inter-
story drifts of the 3-story frames indicates that the peak inter-story drifts for 3T0 3T1 .3T2 ,

3T3 are 1.1, 1.0, 1.2, and 1.6, respectively. The maximum inter-story drifts for 9T0 9T1,
9T2,9T3 9T4, and aT5 are 1.0, 1.3, 1.1, 0.8, 0.8, and 0.76, respectively. For 9T1, the inter-

story drift in 7" story is 60% higher than that of 6 story level. For 9T2, the inter-story drift
in 3" story is 22% lower than that of 4™ story level. For 9T3 and 9T4, the inter-story drift in
7" story is 35% higher than that of 6" story level, and the inter-story drift in 4" story is 35%
higher than that of 3" story level. For 9T5, the inter-story drift in 6" story is 37% lower than
that of 7 story level.
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Conclusions

In this study, 3- and 9-story moment-resisting reinforced concrete frames with different
types of height irregularities are taken into consideration. These frames are analyzed using
the Endurance Time acceleration functions. It is found that setbacks in building frames
significantly influence the dynamic responses. Type 3 accounts for the highest inter-story
drift among the 3-story frames, while the highest inter-story drift for the 9-story frames
belongs to 9T1. A comparison of the inter-story drifts in the upper and lower stories of the
setback reveals that the special attention to these irregularities is essential during the design
process of such frames.
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