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Performance-Based Methodology

Engineering Demand 
Parameterdrift as an EDP

Intensity Measure

Damage Measure

Decision Variable
• Collapse & Casualties

• Direct Financial Loss

• Downtime

Moehle/PEER
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Performance (Loss) Models and Simulation HazardImpact

MAF of:
- collapse
- loss > $
- downtime > t
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Performance-Based Earthquake Engineering

1st-gen (1997)

$, % replacement0 25%     50%          100%
Explicit Measures (FEMA P-58) 

Downtime, days0
1      7               30        180

Casualty rate0.0 0.0001          0.001    0.01       0.25

Today

nonlinear static 
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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 –
ü Evaluate performance of new and existing buildings
ü Provide the basis for performance-based design of new buildings and 

retrofit of existing buildings
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Component Performance Toolbox 

OpenSource ::  Multi-Fidelity  ::   Multi-Hazard

FEMA P58

PELICUN (PROBABILISTIC ESTIMATION OF LOSSES, INJURIES, & 
COMMUNITY RESILIENCE UNDER NATURAL DISASTERS 
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Economic Benefits of Cripple Wall Retrofit
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Limitations to “The Law of Averages”



PEER-CEA Damage and Loss Assessment

PEER ANNUAL MEETING – JANUARY 2020 8

Sa,RP=250 = 1.0g

Expected Annual Loss

Loss versus Intensity (SF Site)
Loss at 250yr Hazard Intensity

Benefit

-0.6% -0.2%

-40% -20%



Simulation-Based Regional Risk/Resilience Assessment

CURRENT (e.g., HAZUS)
Empirical Models
Census Block Inventory

GOAL
Direct Simulation
Detailed Inventory
Multiple models



Application Framework (AF) is designed to 
assemble a regional workflow and streamline 
regional risk assessment. 

State-of-the-art software is available for each task 
allowing researchers to tailor the workflow to their 
needs. New software is easy to add.

Workflows can run at DesignSafe using HPC 
resources at Texas Advanced Computing Center.



AI tools



SF Bay Area Regional Testbed Study

Ø M7.0 Hayward rupture modeled using SW4 [1]
Ø 1.84 M buildings were included in the simulation
Ø Building information is based on UrbanSim data
Ø Damage and Loss is based FEMA_P58_LU [2]
Ø OpenSees structural analysis models are based on 

MDOF_LU
Ø Run on DesignSafe HPC Resources
Ø Example of Results:

- Red-tagged buildings 141,400
- Net buildings damage ratio 5.6%

[1] Petersson, N.A.; Sjogreen, B. (2017), SW4, version 2.0 [software], Computational Infrastructure of Geodynamics, doi: 10.5281/zenodo.1045297, 
url: https://doi.org/10.5281/zenodo.1045297

[2] Zeng X., Lu X.Z., Yang T., Xu Z., "Application of the FEMA-P58 methodology for regional earthquake loss prediction", Natural Hazards (2016), 
10.1007/s11069-016-2307-z

Building Loss Ratio

https://doi.org/10.5281/zenodo.1045297


High Resolution Models
Building parcel versus census block resolution of 
damage and downtime

SimCenter Simulation USGS Haywired (2018)



High Resolution Models

SimCenter Simulation San Francisco Parcels

Parcel-level resolution enables unprecedented quantification of 
engineered interventions for policy level decisions

Opportunities to evaluate planning and policy decisions (retrofit, 
land use, recovery planning, etc.)



UrbanSim Output - Sample Results

Displaced Population in Residential Construction
(person/parcel; Oakland, Lake Merritt Area)
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Urban Growth & Evolving Risk

D. Lallemant, 2015



San Francisco – Tall Building Inventory

156 Tall Buildings (Over 240 ft)

• Occupancy
• Height & Date/Age
• Structural System & Materials
• Façade, Foundation
• BORP, Instrumentation



Impediment of Building Cordons on Recovery

Impact on:
• Emergency Response
• Neighboring Buildings
• Recovery/Reconstruction
• Downtown Economy



Distributed Transportation Systems
Single Column Bent and Box Girder

Integrat
ed
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beam

Box 
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Single 
columnTowards

Bearing, abutment, 
and shear key 
systems Towards

Foundation 
system

Detailed Component Models Linked 
with Rigorous System Evaluation



1. Risk Landscape
2. Hazards

• Ground Shaking
• Liquefaction
• Landslides
• Tsunami
• Flooding
• Fire

3. Risk/Consequence

4. Capabilities

5. Strategy



Regional Simulation Testbeds
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EQ Damage to Water System
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Regional Simulation – Anchorage Example

Estimated Losses
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Recorded 
GM

Simulated 
GM

Repair Cost 
[$Billion] 7.5 7.3

Red Tags 3800 626

Loss Ratio [%]
14.5 12.5



Regional Simulation: Anchorage Story Map
§ Documents the input data, results and process

http://arcg.is/1X8DLu



Atlantic City Hurricane Testbed
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N parcels 20,654

Occupancies Single & multi-family 
residential, commercial 
and industrial

Typologies Wood, steel, masonry, 
RC, metal buildings 

Intensity Cat 5 (Surrogate Model)

RoM 15.4 to 98 miles

Cp differential 75 to 100 mbar



AI Tools for Building Feature Identification
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Regional Simulation: Memphis Water System

- pelicun to estimate pipe damage 
and pipe repair times

- rWHALE to estimate ground 
PGV (using OpenSHA) and to 
integrate with pelcun to calcuate
pipe damage, pipe repair times

- scenario assessments with 
multiple realizations preserve 
spatial correlation in ground 
motions, damage, repairs

- high resolution damage and loss 
estimates

- support Bayesian approach for 
model updating and simulation 
of network interdependencies

Memphis, TN

M7.5
earthquake
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