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/] ABSTRACT /

For the important safety system, two or more units of identical equipment or redundant components with similar function were installed to
prevent abnormal failure. If the failure probability of such equipment is independent, this redundancy could increase the system safety
remarkably. However, if the failure of each component is highly correlated by installing in a structure or experiencing an earthquake event,
the expected redundancy effect will decrease. Therefore, the seismic correlation of the equipment should be evaluated quantitatively for
the seismic probabilistic safety assessment. The correlation effect can be explained in the procedure of constructing fragility curves. In this
study, several methodologies to quantify the seismic correlation in the failure probability calculation for multiple components were
reviewed and two possible ways considering the realistic situation were selected. Simple examples were tested to check the applicability
of these methods. The conversion method between these two methods was suggested to render the evaluation using the advantages of
each method possible.
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Fig. 1. Fragility curves expressed by double log-normal distribution
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Fig. 2. Fragility curves of 6-train redundant equipment set with
different seismic correlation coefficients
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Fig. 3. Natural frequency and mode shape of structures
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Table 1. Realization of damping ratio corresponding to the standard
deviation of damping factor

Probability Damping Sample
0.05 0.028116
0.15 0.034788
0.25 0.039486
0.35 0.043692
0.45 0.047849
0.55 0.052248
0.65 0.057219
0.75 0.063313
0.85 0.071864
0.95 0.088919
250
——Damping 1 - Node 1
====Damping 1 - Node 2
Damping 1 - Node 3
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Fig. 5. Floor response spectra of target locations and frequencies
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Table 2. Seismic correlation coefficient by statistical analysis

ol

TMO| X|FIAM AL K8 M}

== o

CHE7171 o=

I

Cont.Top — 1st Mode Cont.Mid, —1st Mode Cont.Mid. —2nd Mode Int. Top — 1st Mode
Cont.Top - 1st Mode 1.000 0.989 0.718 0.397
Cont.Mid. - 1st Mode 1.000 0.685 0.346
Cont.Mid. - 2nd Mode 1.000 0.008
Int. Top-1st 1.000
Table 3. Application example of Reed-McCann procedure
Fragility Factor1 Factor2 Factor3 Total
Factor Comm, Indep. Stdev. Comm, Indep. Stdev. Comm, Indep. Stdev. Stdev.
Comp1 0.15 0.20 0.25 0.20 0.15 0.25 0.35
Comp2 0.15 0.20 0.25 0.20 0.20 0.28 0.1 0.15 0.18 0.42
Comp3 0.20 0.25 0.32 0.1 0.20 0.22 0.39
Comp4 0.1 0.25 0.27 0.27
=3t Zlolth Table 4. Transformation to seismic correlation coefficient
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