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Seismic Evaluation of Middle to High-rise Building Structure with Weak
Story and Torsional Irregularity — Using Nonlinear Dynamic Time history
Analysis Method
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Abstract

Middle to high-rise buildings, which are usually heavily populated, are very common
structures in urban areas. The casualty and social impact caused by the collapse of mid-rise
buildings in an earthquake cannot be overestimated. Therefore, developing suitable assessment
methods to identify the buildings with high collapse risk becomes a critical issue. Even though
traditional seismic assessment methods, which usually employ nonlinear static pushover
analysis, have been successfully applied to regular low-rise buildings, these methods are unable
to reflect higher-mode effect on the responses of mid-rise buildings. Furthermore, a traditional
approach usually leads to a deterministic result that could not account for the uncertainty in
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seismic motions and structural responses of a mid-rise building, which is usually more
complicated and involves more structural uncertainties than a low-rise building. To this end,
this paper presents a procedure and methodology to assess the collapse risk of a mid-rise
building. This methodology is developed based on the collapse fragility analysis proposed by
FEMA P-58, the collapse criteria proposed by PEER-TBI and ASCE 41-13, and acceptance
criteria suggested by ASCE 41-13 and FEMA 356. To establish the fragility curves, this
approach employs nonlinear time history analysis together with the method of incremental
dynamic analysis (IDA) to estimate structural response parameters. Finally, for demonstration,
the proposed assessment method is applied to assess the collapse risk of two mid-rise buildings.
Final outcomes are summarized to provide the suggestions to the revision of the design code in
the future.

Keywords : Middle to high-rise building, Seismic performance assessment, Nonlinear
dynamic time history analysis method, plastic hinge.
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