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Problem to be solved
• Estimate a facility’s earthquake performance in terms of 

– Post-earthquake operability
– Repair time
– Repair cost

• Applicability: hospitals, bridges, etc. 
• Analytical features

– Nonlinear time-history structural analysis 
– Propagate important sources of uncertainty
– Avoid reliance on expert opinion
– Employ full-size test specimen data
– Include equipment and other contents
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For example,

• Will the hospital be safe and occupiable after an 
event with Sa = 0.5g?

• Will critical equipment in a lab be damaged?
• What will it cost & how long will repairs take?
• Where should engineers look for hidden 

structural damage?
Answer these questions using the best available 

data and methods
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Example assembly fragility functions 
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Power-supply equipment (Swan & 
Kassawara 1998)
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Excluding W1 & C1:
FX(x) = Φ(ln(x/3.5)/1.8)
R2 = 0.62

Any SAC failure mode:
FX(x) = Φ(ln(x/1.65)/1.72)

R2 = 0.62
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Pre-Northridge welded-steel moment-
frame connections (Porter 2000)

Commonly,
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Safety & 
operability

FEMA 356 (ASCE 2000)

NCEER-93-0022 
(Porter et al. 1993)
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Repair duration, R

Nj,d = no. damaged assemblies
Uj,d = hr to restore 1 assembly
w   = workhours/workday
Ej = no. crews available
n    = no. changes of trade
RT = change-of-trade delay
RT0 = start-up time
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Real time performance evaluation

See Caltech EERL 2004-08, 
http://caltecheerl.library.caltech.edu/374
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Recap
• One method to model response, damage, 

operability, repair duration, repair cost
– Best structural analysis, lab data, construction 

practices
– Has been applied to various facility types

• Response & recovery modeling:
– Will the facility be operational?
– What will repair cost, & how long will it take?
– Where to look for concealed damage?

• Decision-making
– E.g., mitigation or planning needed to meet 

performance objectives?
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Research gaps
• Synthesis & simplification

– Repository of interpreted fragility, cost, etc. parameters
– Revisit FEMA 356-style criteria for operability, safety
– Aggregate operability, cost, & downtime functions for hospitals,

other important facilities, with a few key parameters
– Automate performance modeling with open-source software

• New fragility data
– Various MEP, contents of contents, contents on shelves with lips
– Contents casualties
– Good use of NEES

• Other basic data
– Uncertainty in unit repair duration
– Model start-up time RT0, change-of-trade delays, 


