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Table 1. Probabilistic constraint
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. Proposed method
Optimum RBDO W16 x31 W27 x 129 W40 x 324 W8 x40 W14 x 176
design 1st 2nd 3th
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Weight (kN) 87.114 93613 98.025 85276
CPU time (h) 325 30.2

Table 3. Results for the studied building
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Fig. 4. Median IDA curves of the structure designed in three
iterations of the proposed method
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Abstract:

The seismic design of the structures is subjected to the uncertainties originating from various sources. To
ensure that a safe design is achieved, the uncertainties must be considered in the seismic design process. The
reliability-based seismic design is the proper approach that directly takes into account the uncertainties. In
this approach, the performance objectives are the reliability-based seismic criteria expressed either in terms
of an annual probability of exceeding a given performance level or in terms of a probability of exceeding a
given performance level conditioned on the seismic intensity corresponding to a specific hazard level. It is
obvious that the ultimate aim of the reliability-based seismic design of a building is not only to satisfy the
reliability-based seismic criteria, but also to minimize the initial or life-cycle cost. The reliability-based
seismic design optimization (RBDO) is the method that achieves the most economic design satisfying the
reliability-based seismic criteria (probabilistic constraints). However, the RBDO is less preferred. This is
because to ensure that reliability-based seismic criteria are achieved, the statistics parameters of the seismic
demand and capacity must be determined through the results of the nonlinear dynamic analyses. On the other
hand, the use of the nonlinear dynamic analyses in the RBDO method can lead to the increase of the
computational cost so that the personal computers require several years to run it. In this study, a method to
produce the reliability-based economic seismic design is proposed. Reliability-based seismic criteria are
expressed in terms of a mean annual probability of exceeding a given performance level. The main goals are
to ensure satisfying the reliability-based seismic criteria through the use of the results of the incremental
dynamic analyses and to produce the economic seismic design within reasonable computing time. The
proposed method achieves the two goals through determining the optimum design of the force-based design
method that satisfies the reliability-based seismic criteria. The optimum design of the force-based design
method depends on the value of the response modification factor. The value of the response modification
factor of a building, which leads to satisfying the reliability-based seismic criteria, is in the range of one to a
maximum value. From an economic point of view, the desirable value of the response modification factor is
the maximum one, which results in a minimum design base shear and accordingly in an economic design. In
order to respond to the two main goals, the method aims to determine the maximum value of the response
modification factor of a building so that leads to satisfying the reliability-based seismic criteria. The
proposed method is used to produce the seismic design of a 4-story building for two reliability-based seismic
criteria. The steel special moment resisting frame is considered as the lateral load resisting system in the
studied building. The results reveal that the proposed method can efficiently produce the economic seismic
designs satisfying the reliability-based seismic criteria within reasonable computing time. While the
designed frame by Zacharenaki et al using existing RBDO method can not satisfy spesifications of
reliability.

Keywords: Reliability-Based Seismic Design Optimization, Incremental Dynamic Analysis, Force-Based
Design, Response Modification Factor.
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