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ABSTRACT : So far, a lot of observation data about the seismic response of the
structure have been accumulated, so that it comes possible to examine the
variability of response from the observation data. This paper propose the method
to obtain the random uncertainty and modeling uncertainty from the earthquake
records. For the model plant structure, 68 earthquake records at 7 observation
points were analyzed to indicate the applicability of the method.

1. INTRODUCTION

In the fragility analysis, 2 types of uncertainties are considered; one is a random
uncertainty and the other is a modeling uncertainty. The former is the inherent
variability and the latter is the variability due to the insufficient data and
information. In order to perform the fragility analysis accurately, it is very
important to estimate those variabilities.

Recently, a lot of observation records habe been accumulated so that the
statistical approach is available. Authors propose the method to evaluate the
variabilities above. This method is also applied to the model plant structures.

2. DEFINITION OF UNCERTAINTY
2.1 System Uncertainty

The fragility analysis method proposed by authors requires to estimate the
response of structure by one component of earthquake motion. On the contrary,
the actual ground motion is more complex, and acts 3-dimensionally. Since the
realistic response can not be expressed by one component, there exists the
variability between the actual response and the estimated value.

In this study, this variability is hereafter called "system uncertainty". System
uncertainty is owing to the framework of the fragility analysis so that it can not
be reduced. ,

System uncertainty is estimated as following,

a) for many earthquakes, perform the response analysis of structure using
the one component of input motion,

b) obtain the ratios of the observation date over the analysis results, and,

¢) obtain the statistics of the ratios above.
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Variability of the ratios is regarded as the system uncertainty. This variability is
the inherent one.
Figure 1 shows the concept of evaluation of variabilities.

2.2 Modeling Error

When estimating the variability of ratios above, the median of the ratios is also
obtained as shown in Fig. 1. If the analysis model can express the real system,
the median may be close to the unity. Inreality, this value is not the unity.

If it is possible to obtain this error for each response, the realistic response for
the arbitrary earthquake can be estimated. However, this is not a practical, since
it requires numerous sensors.

In this study, it is proposed to obtain the statistics of the errors mentioned
above. This variability is hereafter called "modeling error". Since the modeling
error can be close to the unity by modifying the analysis model, it is regarded as
the modeling uncertainty.
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Fig.1 Concept of Evaluation of Variabilities
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3. ESTIMATION OF UNCERTAINTY

3.1 Responsé Analysis

2 types of analysis models are employed, one is an axisymmetric FEM model and
the other is a sway-rocking model. For convenience, the former is called FEM
model, and the latter is called SR model, respectively.

The outline of the response analysis is shown in Fig. 2.
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Fig.2 Outline of Response Analysis
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3.2 Estimation of System Uncertainty

In this study, floor response spectra (FRSs) are compared. Since there exists the
high correlation between the the long period component of FRS and the response
displacement, a lot of information can be obtained by the examination of FRSs. It
should be noted that the information on the displacement is also correlated to the
deformation of structure, which causes the structural failure.

Figure 3 shows the flow to obtain the system uncertainty using the real data.
Although the characteristics of earthquakes are removed by employing the same
input motion for each combination of observation and analysis, it is observed that
there exists a large difference between observation records and ‘the result of
calculation. This variability is the system uncertainty.

Median and standard deviation of the system uncertainty are obtained
assuming that the ratios are distributed log normally. Figures 4 and 5 show the
median and the standard deviation of the system uncertainty. There is little
difference between the statistics by FEM model and those by SR model.
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Fig.3 Flow Chart to obtain System Uncertainty
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Fig.5 Standard Deviation of System Uncertainty
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Figure 6 shows the family of median and that of standard deviation. For these
families of statistics, it is possible to obtain the statistics, e.g. median of standard
deviations.
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Fig.6 Family of Statistics of System Uncertainty

Figure 7 shows the statistics of the standard deviations of system uncertainty.
A median of the standard deviations at 2.0s is about 0.3.

When conducting the fragility analysis for structure, the variability of story
shear is highly correlated to that in the long period component of FRS. Therefore,
it can be concluded that system uncertainty is 0.3.

A standard deviation of the standard deviations is relatively small and is
neglected in the fragility analysis proposed by authors.
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Fig.7 Standard Deviations of System Uncertainty
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It must be noted that this variability include the effect of soil. In order to
investigate the effect above, variability of motion of surface soil is removed from
that of structural response. Figure 8 shows the median of the standard deviations
of system uncertainty after removing the effect of surface soil.

From the figure, it can be seen that the variability of response due to the
structure itself is about 0.2.
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Fig.8 Standard Deviations of System Uncertainty without Effect of Soil

3.2 Estimation of Modeling Error

Figure 9 shows the statistics of the medians of system uncertainty.

In the case that the fragility of the structure is of interest, it can be concluded
that the median of the modeling error is 1.0 and the standard deviation is 0.15,
since the story shear is highly correlated to FRS in the long period range.

On the other hand, if it is needed to obtain the fragility of equipment, larger
variability must be considered. From the figure 8, it is observed that the
standard deviation of the modeling uncertainty is 0.35 to 0.5 in the range of 0.05
to 0.4s. It is also considered that the median is not the unity. Estimation of
median is sensitive to the period as well as the modeling.

From the viewpoint of estimation of median, FEM model has an advantage.
On the contrary, SR model gives the smaller variability. It is noted that the
difference due to the modeling is not apparent for the data available in this study.
This suggest that the more accurate model may not always give an accurate or
'true’ result,
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Fig.9 Medians of System Uncertainty
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4. CONCLUSION

Using the earthquake records observed at site, the system uncertainty and the
modeling error are estimated. The former variability is the inherent variability
and the latter is the variability due to the insufficient data. In this study, both
FEM model and SR model are employed to investigate the effect of modeling.

Difference due to the modeling is not observed in the estimation of modeling
error.

Modeling error for the structural damage is obtained as following;

1) median: 1.0, and,
2) standard deviation : 0.15.

Median of modeling error in the short period range varies from 0.5 to 1.5, and
standard deviation is about 0.5. This suggest us perform the individual
examination of equipment by making the period and damping factor clear, if it
required to improve the accuracy of fragility estimation of equipment.

System uncertainty is obtained as following;

1) median: 0.3, and,
2) standard deviation : 0.1to 0.3.
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