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Impetus for California’s School Safety

1933 Long Beach Earthquake
• March 10, 1933 at 5:54 PM
• Mw 6.4 (Mercalli intensity VII)
• 115 fatalities

Damage to Schools
• 70 destroyed
• 120 major damage
• primarily unreinforced masonry
• one student fatality

W.L. Huber/USGS (John Muir School)

Online Archive of CA/USGS (Jefferson Jr. High School)



Legislation for California’s School Safety 
April 10, 1933 – Field Act: regulates public school 
construction, with higher design and Q/A standards

1939/1968 ‐ Garrison Act: requires review/retrofit of 
pre‐1933 schools, by 1977

1967/1976 Geologic Hazards Legislation: requires 
geologic hazards studies for new schools, prohibits 
construction within 50 ft of geologic fault

1999 Assembly Bill 300:  requires inventory of 
potential “at risk” school buildings, built before 1978 
(excluding wood framed buildings)

Retrofit of “at risk” schools is largely left to local (city) 
jurisdictions to develop programs and raise funds



Progress and Gaps in California’s School Safety 

Statewide Survey of Schools (Dept. of General Services, 2002)

Earthquake Risk and San Francisco’s Private Schools  (2013)



Performance‐Based Framework

To transform earthquake engineering assessment and design …

Performance‐Based

• Scientifically‐defined seismic 
hazard

• Direct design approaches

• Defined outcomes with 
probabilities of achieving them

Traditional Approach

• Non‐scientifically defined 
seismic hazard

• Indirect design approaches

• Undefined and uncertain 
outcomes



Performance‐Based Framework

Engineering Demand 
Parameterdrift as an EDP

Intensity Measure

Damage Measure

Decision Variable
• Collapse & Casualties

• Direct Financial Loss

• Downtime

Moehle/PEER



Performance‐Based Framework

Engineering Demand 
Parameterdrift as an EDP

Intensity Measure

Damage Measure

Decision Variable
• Collapse & Casualties

• Direct Financial Loss

• Downtime

Moehle/PEER

IM

EDP

DM

DV

   )(||| IMdIMEDPdGEDPDMdGDMDVGDVv 

Performance (Loss) Models and Simulation HazardImpact



Performance‐Based Framework
FEMA P‐58 (2012)  Performance Assessment of Buildings

Provides a methodology, basic building information, response 
quantities, fragilities and consequence data to evaluate the 
seismic performance of buildings

Procedures are probabilistic

Performance metrics:

‐ life safety risks

‐ direct economic losses

‐ downtime and indirect losses

Recommended Use –
 Evaluate performance of new and existing buildings
 Provide the basis for performance-based design of new buildings and retrofit of existing buildings



Illustrative Application



Wood‐Frame House Risk Mitigation

Economic Benefits/Incentives of Foundation Wall Retrofit

Napa Earthquake, 2014



Wood‐Frame House Risk Mitigation

Limitations to “The Law of Averages”

HAZUS vulnerability (loss) functions 
are empirically determined using 
post‐earthquake damage and 
insurance claims information



Wood‐Frame House Risk Mitigation

FEMA P‐58 Loss Assessment
Welch and DeierleinWelch/Deierlein 2020



Wood‐Frame House Risk Mitigation

Expected Annual Loss

Loss versus Earthquake Intensity Loss at 20% in 50 year EQ Intensity

Benefit

‐0.6% ‐0.2%

‐40% ‐20%

Welch/Deierlein 2020



Computational Workflow Components



Computational Workflow Components

OpenSource ::  Multi‐Fidelity  ::   Multi‐Hazard



Workflow Component: Inventory Development

Wang 



Workflow Component: Damage & Consequences

•Multi‐Hazard

•Multi‐Fidelity

•Multi‐System

PELICUN Library 
(PROBABILISTIC ESTIMATION OF LOSSES, INJURIES, & 
COMMUNITY RESILIENCE UNDER NATURAL DISASTERS) 

Zsarnoczay



Workflow Component: Recovery and Resilience

Zsarnoczay

Regional Resilience Determination Tool



San Francisco Bay Area M7.0 Earthquake Testbed

19

1.84 M buildings
M7.0 Hayward scenario

McKenna, Zsarnoczay, Ellhadad

• M7.0 Hayward simulation (LLNL‐SW4)

• 1.84 M individual buildings 

• Parcel‐level inventory enhanced by AI tools

• Building Evaluations
‐ HAZUS building configurations     
‐ OpenSees MDOF (story shear) models
‐ 25 pairs of ground motions
‐ HAZUS story‐level damage functions
‐modeling  uncertainty 

• DesignSafe HPC (Stampede2) 

‐ 16 hr runtime on 12,800 cores



San Francisco Bay Area M7.0 Earthquake Testbed

20McKenna, Zsarnoczay, Ellhadad

High Resolution Modeling: 
Building parcel versus census block resolution of losses

SimCenter Simulation USGS HAZUS (2018)



San Francisco Bay Area M7.0 Earthquake Testbed

21McKenna, Zsarnoczay, Ellhadad

High Resolution Modeling: Parcel‐level resolution enables unprecedented 
quantification of engineered interventions for policy level decisions

San Francisco Parcels



SF Downtown Recovery

Adapted from The Resilient City, SPUR 2009



SF Downtown Recovery

ATC Project 119 and City of San Francisco

N
orthridge (1994)

Tall Building Inventory
• 69 “Pre‐Northridge” Steel Moment Frame Buildings (>75 m tall)
• Significant portion of SF’s downtown commercial office space

Hulsey/Yen/Deierlein 2018



SF Downtown Recovery
Impact of Tall Building Cordons:

• Emergency Response
• Neighboring Buildings
• Recovery/Reconstruction
• Downtown Economy

Hulsey, Galvis, Baker and Deierlein (support NIST)

Recovery of Damaged 
Commercial Office Space

Hulsey/Yen/Deierlein 2018



SF Downtown Recovery
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Decision Variables:
• repair time until functional
• cordon triggered (Y/N)
• repair time until stable

Hulsey, Galvis, Baker and Deierlein (support NIST)Hulsey/Galvis/Baker/Deierlein 2020



SF Downtown Recovery

𝑑𝑣 ൌ  ቐ
𝑡௨௧
𝑇𝑟ௗ
𝑡௦௧

Hulsey, Galvis, Baker and Deierlein (support NIST)

San Andreas M7.2 Scenario Assumed Safety Cordon of 1.5 x Building Height

Hulsey/Galvis/Baker/Deierlein 2020



SF Downtown Recovery

Hulsey, Galvis, Baker and Deierlein (support NIST)

+   𝑡௨௧

REDi (2013)

4 months 12 months
Hulsey/Galvis/Baker/Deierlein 2020



SF Downtown Recovery

Hulsey, Galvis, Baker and Deierlein (support NIST)
35
%

44
%

4 months 12 months

community days lost, 1st year

50% occupancy

Hulsey/Galvis/Baker/Deierlein 2020



SF Downtown Recovery

Hulsey, Galvis, Baker and Deierlein (support NIST)
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Hulsey/Galvis/Baker/Deierlein 2020



Technologies to Design for the Future

Ref: D. Lallemant
Urban Growth & Evolving Risk



Technologies to Design for the Future

Urban Planning 
and Growth Recovery 

Modeling
Policy 
Interventions

Hazard 
Simulations

Environmental and 
Ecological Impacts

Hi‐Fidelity 
Simulations

Multi‐Hazard Component 
Damage Models

Socio‐Economic 
ImplicationsLifeline 

Infrastructure

Learn more at:  https://simcenter.designsafe‐ci.org/


