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Ground Shaking damage(
Power loss disrupted Communication and Water

Ground failures along Hwys hindered Rescue/Repair
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Tsunami damaged Power Grid and Backup Power

Nuclear facility required Power to Shutdown
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Half a century of adequate performance
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R is the resistance
Q is the load
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Marqgin of Safety (or Limit State) Formulation

M =R -Q where R and Q are uncertain

f(M) = f(R) — f(Q) propagate uncertainty

if M < 0, then failure / unsatisfactory performance

Frequency of M
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Multiple components
(links & nodes)

Multiple failure modes

Multiple hazards
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System Unimodal Bounds

Positively Correlated Series
(Ang & Tang, 1984)
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Pump1 |— Pipeline—{ Storage Tank — Pipeline— 4,000 Users
Water Sourcef— Pipeline——  Tunnel [— Pipeline
Pump 2
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D State Control >7 P
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Improving the user’s abllity to function without lifeline services;

Improving the lifeline provider’s ability to restore services
by making the system:

* Robust (retrofit and construct lifeline systems to a higher level to
resist hazard forces, thereby decreasing the likelihood of failure), or

 Repairable (accept that damage may occur but have quick repair
strategies or temporary elements to provide limited services quickly after
a disaster);

 Redundant (construct or develop a secondary system that can provide full
or partial service while repairs to damaged components are made)
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Lifeline service following a disaster measured on four scales
that are often interdependent:

Outage time

Quantity of lifeline service
Quality of lifeline service
Distance to service
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Summary of Presented:

e Examples of lifeline failures in the form of previous failure case

examples
e Simplified concepts of lifeline organization and properties of

engineered systems
e Path forward in assessing risk and reliability of interdependent

systems
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Summary
Lifelines Systems Approach:
e Evaluating the multi-scale aspects of lifelines
e Considering correlation among system components (nodes,links)
e |dentifying interconnectedness / interdependence of lifelines
e Overlaying multiple hazards on lifelines
e |dentifying real versus perceived redundancy within a system
e Assessing existing system capacity prior to disaster
e Considering ageing, rehabilitation, and retirement of infrastructure
e Resiliant=Robust+Repairable+Redundant
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