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Forum Context
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Regional scale simulations are at the forefront of PEER current & future directions:
Ø Very relevant use of PBEE technologies
Ø Truly achieving community resilience
Ø Functional recovery on all infrastructure levels

Pacific Rim Forum is important for PEER:
Ø Earthquake engineering community engagement
Ø Bringing together multidisciplinary expertise from structural and geotechnical 

engineering together with earth science 
Ø Sharing research results and state-of-the-art & state-of-practice advancements
Ø Highlighting 21st century technologies, particularly HPC & Data Science and 

their potential adoption in PEER activities



Earthquake Engineering Profession
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Current (H-MC*)

Ductile Response + Collapse  
Prevention + Saving Lives + 

Loss estimation

Earthquake Engineering 
Fundamentals

Past (H) Functional Recovery +
Resilient Communities

Future (M)
1,000,000,000,000,000,000 (1018) Flops (ECP)

Japan
Fugaku

Source: Top500.org

*H-MC: Human-Machine Collaboration
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PEER PBEE Framework

aHazard Analysis

Structural Analysis

Damage Analysis

Loss Analysis

a

Probabilistic PBEE Framework

Loss Assessment



Why Did PEER Develop the 
Ground Motion (GM) Databases?
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Ø Objective of PBEE: Realistic quantification of uncertainty & estimation
of structural system performance

Ø First, proper definition of the hazard and the corresponding selection
of ground motions (GMs) are needed.

Ø Historically, access to earthquake GM has been hampered by difficult
access to “big data”, and by data gathering & storage inconsistencies.

Ø Late 1990s, PEER recognized the need to improve access to
earthquake GM data and embarked on an effort to create a web-
based searchable database of strong GM data.



How Did PEER Develop the 
Ground Motion Databases?

6

1. Collect the most important GM records worldwide.
2. Ensure that all data had been processed consistently & reliably. 



How Did PEER Develop the 
Ground Motion Databases?
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3. Collect related metadata: earthquake magnitude, various site-to-
source distance measures, type of faulting, local site conditions at
the recording stations, and other relevant engineering parameters.

Screenshot from the NGA-West Flatfile



How Did PEER Develop the 
Ground Motion Databases?
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4. PEER created the online database making all information publicly available. 
5. Various enhancements to the database have been made over the years.

https://peer.berkeley.edu/peer-strong-ground-motion-databases

https://peer.berkeley.edu/peer-strong-ground-motion-databases


Key Requirements of a 
Successful Database
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ü Proper maintenance
ü Effective web interface with well-defined search options
ü Procedure to expand the database with new data
ü Scalability, e.g., server with sufficient storage, etc.
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PEER Ground Motion Databases

NGA West2 (Current)

Search results for GMs



Synthetic Ground Motion Database
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New Synthetic Motion Database
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Ø Earthquake rupture scenario: 
M=7 Hayward Fault

Ø Rupture Realization: 2
Ø Surface, subsurface or 

structural: Surface

Search options for synthetic GMs

PEER Ground Motion Databases

NGA West2 (Future)
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Engaging the Earthquake 
Engineering Community
Ø Value Proposition of PEER: 

q Earthquake Engineering Center with 11 core institutions, 9 educational affiliates and 
150+ faculty and many researcher/students

q Developing and advancing PBEE Framework; Culture of developing and maintaining 
enabling technology tools (e.g., OpenSees & NGA databases)

q Active connections to the Earthquake Engineering profession (BIP) in CA, other states, 
and internationally

Ø PEER hosting & maintaining the database add an important value to the 
broader use and impact of the synthetic motions.

Ø PEER can facilitate use of synthetic motions in transportation & other 
systems research and provide links to OpenSees and other tools 
(SimCenter, SoilQuake, etc.) & databases (NGA, NGL, Ø-Net, etc.).

Ø Addition of the synthetic GM database is a timely opportunity to engage 
the Earthquake Engineering community.

Ø Leveraging DOE resources will benefit the PEER community at large.
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Engaging the Earthquake 
Engineering Community
Ø Database interface is planned to include a feedback feature.
Ø Engineers & researchers are to provide feedback on the database & 

its uses and to suggest improvements.
Ø Feedback publicly posted & monthly considered in website updates. 
Ø The Earthquake Engineering community input will facilitate design 

standard guidance for synthetic motions & realize their benefits.

Feedback
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Transition to Practice

Ø ASCE 7-16 requires a minimum of 11 ground motion time histories 
for each target spectrum. 

Ø ASCE 7-16 Section 16.2.2: “Where the required number of 
recorded ground motions is not available, it shall be permitted to 
supplement the available records with simulated ground motions.”

ASCE 7-16 ASCE 41-17
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Transition to Practice

Ø A minimum of 11 ground motions are required for dynamic analysis.
Ø In PBEE, large number of GMs are needed to: 

§ Quantify the uncertainty in structural/foundation response
§ Estimate probability of collapse

Tall Buildings Initiative FEMA P-58
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Transition to Practice
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Transition to Practice
Kernel Density Maximum Entropy Method in PBEE

In probabilistic PBEE method, good estimation of distribution is required
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Ø Kernel Density Maximum Entropy Method

Ø Obtain &∗ by solving maximum entropy problem
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Transition to Practice
Kernel Density Maximum Entropy Method in PBEE

Ø Solve the maximum entropy problem with
EDP data for each set of fractional powers, !.

Ø Find the distribution maximizing entropy
among the solutions.

Example: Steel Moment-Resisting Frame Buildings Design Optimization
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Transition to Practice: Advantages 
of the Synthetic Motion Database
Ø Availability of subsurface motions: Recorded GMs are generally at the surface

with limited number of geotechnical arrays (typically hard to maintain);
Ø Realistic GM input to long span structures having insufficient number of

recorded motions for multi-support excitation inputs;
Ø Suitable for scenario-based regional-scale simulations;

Geotech Array Sensors: 12
Hayward Hwy 580/238 Interchange

(Bridge Rapid Assessment Center for Extreme Events (BRACE2) Testbed)

Bridge Sensors: 20
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Transition to Practice: Advantages 
of the Synthetic Motion Database
Ø Recorded motions not available for significantly large earthquakes
(NGA West2 database has records for Mw ≤ 7.9) and in near-fault region
(David McCallen, opening presentation).

Ø Synthetic motions can prevent problems with unrealistically scaled
motions in GM selection (Roberto Paolucci, Day 1)
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Potential Uses for Engineering 
Research & Practice: Structural

Ø Probabilistic Performance-Based Design Optimization: Minimize 
lifecycle costs; Achieve resiliency objectives

Ø Instrumented Buildings for Verification: Validation & acceptance of 
synthetic motions

Ø Floor Motions: Nonstructural components

Ø Comparisons: Structural response with recorded & synthetic motions

Courtesy of David McCallen

5

Design set: !"# $ ≈ &. !×&)!!

GEU: Generalized 
Expected Utility

Hayward Hwy 580/238 
Interchange (BRACE2)
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Potential Uses for Engineering 
Research & Practice: Geotechnical
Ø Free Field vs Motions at the Base of the Structure: Identify needs 

for SFSI (Soil-Foundation-Structure Interaction) modeling

Ø Bedrock Motions: Use in complete SFSI modeling 

Ø Subsurface Synthetic Motions vs Geotechnical Arrays: 

Characterize soil layers

Ø Synthetic Motions Coupling: With liquefaction (e.g., NGL), 

landslide analysis, etc.

Courtesy of David McCallen

Hayward Hwy 580/238 Interchange (BRACE2)
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Potential Uses for Engineering 
Research & Practice: Regional Sim.
Ø Coupling Synthetic Motions with Generic Fragilities: 

Scenario-based loss & consequence simulations

Ø Identification of Weakest Links of a System: 
Infrastructure networks to be retrofitted or need for 
further detailed analysis

Ø Machine Learning Using Results of Many Simulations: 
Potential updating of ShakeAlert location & magnitude 
estimations for Earthquake Early Warning (EEW)

Courtesy of David McCallen
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Thank you!
Questions?


