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Abstract

In this study, a method of probabilistic evaluation of the performance point of the structure obtained by capacity spectrum method
(CSM) is presented. The performance point of the 4-story and 1-bay steel structure was determined by using CSM according to
ATC-40. In order to analyze whether the demand spectrums exceed the performance limit of the structure, the limit displacements
are derived for the performance limit of the structure defined from the plastic deformation angle of the structural member. In
addition, by selecting a total of 30 artificial seismic wave having the response spectrum similar to the design response spectrum, the
fragility curves were derived by examining whether the response spectrum obtained from the artificial seismic wave were exceeded
each performance limit according to the spectral acceleration. The maximum likelihood method was used to derive the fragility curve
using observed excess probabilities. It has been confirmed that there exists a probability that the response acceleration value of the
design response spectrum corresponding to each performance limit exceeds the performance limit. This method has a merit that the
stochastic evaluation can be performed considering the uncertainty of the seismic waves with respect to the performance point of the
structure, and the analysis time can be shortened because the incremental dynamic analysis (IDA) is not necessary.
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.
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Fig. 1 Performance point determination process of
structure using capacity spectrum method
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Material : Steel (SS400)
+ Yielding Strength : 235MPa
+ Tensile Strength : 400MPa
*  Young’s Modulus : 205,000Mpa

Column : H 428 x 407 x 20 x 35

=

X 8ea

——

Beam : H 588 x 300 x 12 x 20

X 4ea

—3650——==——3650——==——3650——==———3650—

| 7620

Fig. 2 Detail properties of the example structure
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Fig. 3 Base shear-roof displacement curve of the
example structure
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Fig. 4 Capacity spectrum(ADRS format) of the
example structure
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Table 1 Minimum Allowable SR, and SR, Value (ATC-40)

Structural Behavior Type SR, SR,
Type A 0.33 0.50
Type B 0.44 0.56
Type C 0.56 0.67

Table 2 Value for damping modification factor, «(ATC-40)

Structural By
Behavior Type (percent) "
<16.25 1.0
Type A >16.25 1.13-0.51x(7/2) %3,
<25 0.67
Type B >95 0.845-0.446x (/2)% 3,
Type C any value 0.33
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Fig. 5 Reduced inelastic demand spectrum calculated
from SR, and SR,
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2.3 Structure performance point
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Fig. 6 Determination process of performance point
using ATC-40 procedure A
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using procedure A
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Fig. 8 Probabilistic analysis procedure of the
performance point using maximum likelihood method
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