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The cost-benefit analysis is an efficient tool for the value assessment in a structural design problem. In the recent years,
various frameworks have been proposed to evaluate the performance of a structural design under seismic loads from cost or
cost-benefit point of view (e.g. Wen and Kang, 2001; Sanchez-Silva and Rackwitz, 2004; Goda and Hong, 2005; Taflanidis
and Beck, 2009). Despite the general similarities between the existing frameworks, most of them are merely based on cost
analysis methods and role of benefit as the inherent part of the value analysis has not been considered. Moreover, in the
carried out studies, comprehensive approaches are not often applied to account for all the influential variables in cost-benefit
analysis. For instance, the effect of the design life period and economic environment as the important variables in cost-
benefit analysis has been considered in only few studies (Wen and Kang, 2001; Sanchez-Silva and Rackwitz, 2004). To
account all the main variables in cost-benefit analysis, development of a comprehensive framework is needed.

The employment of the value analysis becomes more important in relation to design of modern structural systems such
as base isolation. In the base isolation technique, the performance of the structure is significantly improved, but the cost
of construction increases in comparison with cost of the conventional systems. To find the optimal performance for the
isolation system, different cost aspects such as the construction and life cycle costs should be integrated into a cost-benefit
analysis. However, only few of studies have considered the cost-benefit issues related to the analysis and design of isolation
system (Goda and Hong, 2010; Wang et al., 2013). On the other hand, the aim in the existing method for design of isolated
structures is to provide a high-level of the structural performance (Naeim and Kelly, 1999), while the high performance
level may not be necessarily the optimal solution for the design of isolated structures from the value-based point of view.

In the present research, a comprehensive framework based on the cost-benefit analysis is proposed in which the most
influential variables are incorporated. These variables are structural performance, occupancy type, design life period and
discount rate. In the proposed framework, the value measure of a structural design is defined as the ratio of the benefit, B,
to cost, C.
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Applying the proposed framework in three case studies, a four-story building structure of five different configurations
in superstructure with and without base isolation is analysed under various design situations. The same structure with fixed
base is also studied in order to find the cases where the employment of the base isolation system has more justification
than the conventional fixed-based system. The structural configurations are selected such that to span a wide performance
range from very low to very high. For cost-benefit analysis of both fixed and isolated structures, two occupancy types of
residential and hospital are selected to represent respectively the ordinary and special applications. Also, three design life
periods of 2, 50 and 100 years are considered respectively as short, medium and long term operational durations; as well as
four discount rates of 1%, 2%, 3% and 4% to represent economical environments with slow to rapid growths.
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From the results obtained through the parametric study in the first case, it is shown that for the residential occupancy,
applying the fixed-based structures provides higher value measures to the owner despite that the fixed structures have lower
performance compared to the isolated ones (Figure 1). In contrast, the use of isolation system provides more value in the
case of hospital occupancy. In addition, it is found that the optimal performance range for the isolated structures is lower
than the one for the fixed structure.
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Figure 1. The obtained value measures for design life period of 50 years and discount rate of 2% with the residential

and hospital occupancies

The findings from the three case studies confirm that, first, the structural design problem is not only related to the
structural performance but also to the variables such as design life period, occupancy type and economic environment of
the society, and second, improvement in structural performance by the isolation system may not result in improvement in
the value of the design.

REFERENCES

Ang AH-S and Lee JC (2001) Cost optimal design of R/C buildings, Reliability Engineering and System Safety, 73, 233-238

Garcia-Pérez J, Castellanos F and Diaz O (2005) Occupancy importance factor in earthquake engineering, Engineering
Structures, 27, 1625-1632

Goda K and Hong HP (2010) Lifecycle cost—benefit analysis of isolated buildings, Structural Safety, 32, 52-63
Naeim F and Kelly JM (1999) Design of seismic isolated structures: from theory to practice, John Wiley & Sons, New York

Sanchez-Silva M and Rackwitz R (2004) Socioeconomic implications of life quality index in design of optimum structures
to withstand earthquakes, Journal of Structural Engineering ASCE, 130(9), 969-977

Taflanidis AA and Beck JL (2009) Life-cycle cost optimal design of passive dissipative devices, Structural Safety, 32, 52-63

Wang H, Weng D, Lu X and Lu L (2013) Life-cycle cost assessment of seismically base-isolated structures in nuclear power
plants, Nuclear Engineering and Design, 262, 429-434

Wen YK and Kang YJ (2001) Minimum building life-cycle cost design criteria, I: methodology, Journal of Structural
Engineering, 127(3): 330-337

146 M [nicrnational Institute of Earthquake Engineering and Seismology (IIEES) &/ﬁ\\



