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Importance Analysis for Aseismic Diagnosis of
Lifeline Systems

£ *% L33
Yoshikazu Yamada , Hirokazu Iemura and Shigeru Noda

For lifeline utility systems in a modern urban area, the necessity of
predisaster planning and preparedness including accurate damage estimation for
future earthquake disaster has been strongly emphasized. It is obvious that
post—-disaster strategy should differ with different level of seismic disaster.
Therefore, not only accurate estimation of seismic damage but also optimum
countermeasures for the restoration process must be made. The seismic damage
to lifeline systems is difficult to repair and costly to society as a whole.
Emphasis should be placed on the general aseismic diagnosis of these systems
in addition to the damage inflicated on each component of structures or equip-
ments, '

In this paper, a methodology based on concepts of probabilistic importance
was developed to determine rational countermeasures for seismic damage of
lifeline systems. Various measures of the importance can be quantitatively used
to evaluate ranking of system components and cut sets in fault trees.

The aseismic importance analysis for lifeline systems is based on a sensitivity
analysis of terminal reliability. The various measures of reliability based
importance is intended for efficient diagnosis of the component's contribution
to the occurrence of system failure after earthquake ; 1.8, I_CR, 1.FV and IK Fv
(Eqs.(4), (9), (10) and (11)). oot * i

The uncertainty of system unconnectivity is estimated by the Bayesian decision
theory. The variance of system unconnectivity is, then, adopted as a measure
of uncertainty. It is assumed that the mean and variance of reliavility of
component are given. Then, the new importance based on mean and variance of a
component is proposed by using a relative sensitivity coefficient of component
and the variance of component reliability ; IV.", IViCR, .Y, vy, IV
and IVg, TV (Eqs.(13), (14), (20), (23), (28) and (30)). Since components with
the greﬁter importance contribute more to system variance, it is found that the
greatest variance importance has the greatest effect in aseismic diagnosis.

Fig.2 shows a typical example of each of the importance functions. A case
study is made for a water supply system for Sendai City Litted by the 1978
Miyagiken-oki earthquake By repeating the importance analysis to a system in
Fig.4, the spatial optimization of the system shown in Fig.5 is considered,
where the importance rankings are listed in Table 2. From this study, the
process of functional restoration and its dependence on the patterns of the
order of repair works have been discussed quantitatively.

From the numerical examples, it is found that the method proposed herein can
be applied, 1) to suggest the most optimal approach to upgrade system, 2) to
find weak components in system design and operation, 3) to determine the optimal
location of spatial system, 4) to generate repair checklists on basis of the
importance measures, 5) to diagnose the aseismicity of lifeline systems, and 6)
to evaluate the rational restoration strategies.
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