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Pacific Earthquake Engineering 
Research (PEER) Center

2Vision: Lead the Resilient Design for Extreme Events

11 Core Institutions 9 Educational Affiliates



30th/29th Anniversaries of 
Northridge & Kobe Earthquakes
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From 1/17/2024 (Northridge EQ) 
to 1/17/2025 (Kobe EQ):
A year of collecting achievements, 
lessons, research gaps, and data 
through workshops (starting with 
this two-day workshop!) and 
web-based data collection platform!

https://peer.berkeley.edu/
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Thanks …

4Speakers

29 speakers
263 participants
(98 in-person + 165 on-line)
10 posters

Organizing Committee

PEER Staff



Program (1/2)
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Simulation modeling, 
validation & use cases



Program (2/2)
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Open discussion, contemplating 
a formal annual meeting

Use cases, updates, 
tools & databases



DOE Program Objectives
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ØAnswer the questions:
ü How do ground motions in scenario earthquakes vary across a region?
ü How does this variation impact risk to infrastructure?
ü How do complex incident ground motion waveforms interact with a facility?

ØLBNL & LLNL perform intense simulations on DOE’s supercomputers 
working closely with PEER to make the simulated motions available to 
the earth science & earthquake engineering communities and to the 
disaster response organizations.

ØThe simulation-based dataset will facilitate deeper understanding of the 
hazard, performance, and overall resiliency of California by helping 
officials to effectively and accurately identify infrastructure systems and 
structures that pose the largest risk for proper allocation of resources.



Khalid M. Mosalam
Selim Günay

Pacific Earthquake Engineering Research Center

Familiar Interface for PEER Recorded 
Ground Motion Database (NGA) Users
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Outline
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Ø Introduction

ØRecorded Ground Motion Databases

ØSimulated Ground Motion Database



Earthquake Engineering Profession
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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

Current (H-MC*)

Ductile Response + Collapse  
Prevention + Saving Lives

*H-MC: Human-Machine Collaboration



PEER DNA: Integrated PBEE 
Methodology 
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aHazard Analysis

Structural Analysis

Damage Analysis

Loss Analysis

a

Probabilistic PBEE Framework



Why Did PEER Develop Recorded 
Ground Motion (GM) Databases?
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Ø Objective of PBEE: Estimate system performance accounting for uncertainties.

Ø Defining hazard & select corresponding GMs.

Ø Access to GMs has been hampered by collecting & manipulating “big data”.

Ø Late 1990s, PEER improved access to strong GM data by creating an 
accessible  web-based searchable database (NGA). 



How Did PEER Develop Recorded 
GM Databases?
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1. Collect GM records worldwide.
2. Process all data consistently & reliably.
3. Include metadata (source, site, magnitude, type of faulting, various source-

to-site distance measures, local site conditions at recording stations, etc.). 

NGA-West Flatfile

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

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


Need for Simulated GM Database
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ü Scarcity of recorded near-fault GMs 
from large magnitude earthquakes.

ü Insufficient recorded GMs to conduct 
regional scale simulations.

ü Lack of the ability of most GM Models 
(GMMs) to capture effects of rupture 
propagation, e.g., directivity.

ü Increased number of validated GM 
simulations from multiple regions.

Near-field (0-20Km)



Requirements of a Successful 
Database
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ü Scalability, i.e., large storage server (up to 95 TB SSD) with regular 
maintenance & backups (network interface of 10 GB/s).

ü Procedure to expand the database with new data including an effective 
web interface with well-defined search options.

Item Value

Compressed data per realization (6.25 m spacing) 291 GB

# of realizations 30

Total compressed data per region 8.7 TB

# of regions 6

Total compressed data 52.4 TB

Uncompressed data per realization (2 km spacing) 2.3 GB

# of realizations 100

Total uncompressed data per region 0.23 TB

# of regions 300

Total compressed data 57.5 TB

Simulated Ground Motion Database (SGMD)

Use the well-known NGA interface with added 
specifics & use cases of the simulated GMs.
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Survey About Simulated GM 
Database Interface (March 2022)
What simulated GM data products would you like to have readily available? (71 responses)

Would you want the user interface (UI) same as NGA? 
(66 responses)

What would be the most convenient simulated GM data 
& metadata format? (67 responses)
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PEER Recorded GM Database 
Interface

NGA West2

Search results 
for GMs

https://ngawest2.berkeley.edu 

https://ngawest2.berkeley.edu/
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Recorded vs. Simulated GM 
Databases (1/3)

Characteristic Search Item Recorded  GM Dataset Simulated GM Dataset

Source
Earthquake Real Event 

(e.g., Loma Prieta)
Region/Realization (e.g., SF 
Bay Area, Realization 1)

Fault Type Strike-slip, Normal, Reverse, etc.

Source to Site Distance RJB*, Rrup**
RJB, Rrup

Latitude, Longitude, Depth

Site
Site Class Vs30 Vs30

Location Depends on station Grid defined by fault 
direction & spacing

Earthquake & Station Characteristics

*RJB: Joyner-Boore Distance; shortest horizontal distance from recording site to vertical projection of rupture
**Rrup: Closest distance from recording site to rupture surface
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Recorded vs. Simulated GM 
Databases (2/3)

GM Characteristics & Directions

Ø GM data at the physical stations
Ø Recorded 3 components of 

acceleration, velocity & displacement
Ø Horizontal motions depend on sensor 

orientation

Ø GM data at the grid stations
Ø Computed 3 components of 

acceleration, velocity & displacement
Ø Horizontal motions are Fault Normal & 

Fault Parallel

Petrone et al. (2021)
Recorded GM Simulated GM



SFBA_Real1_1_1_1_FP.AT2
Realization 1

Region Acceleration

GM Direction

RSN750_LOMAP_BRK000.AT2
GM Direction

AccelerationRecord Sequence No.
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Same format (e.g., 5 values/row with data advancing row by row) such that existing processing codes can be directly used.

Recorded vs. Simulated GM 
Databases (3/3)

Loma Prieta EQ

Epicenter

Berkeley

Station

Recorded GM Simulated GM

Simulated GM includes not only 
surface, but also subsurface motions.

*Grid location: 1_1_1 indices for
Parallel to fault_Normal to fault_Depth

*Grid location

Grid Point
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Simulated GM Database Interface

Similar to PEER recorded GM, in simulated GM, fault rupture 
& simulation parameters (unique for each realization) are 
documented in a Flatfile.

Region Name Region 
Code

Realization 
#

Fault 
Name

Magnitude Fault 
Mechanis

Dip 
(˚)

Strike  
(˚)

ztor (Depth to top 
of rupture) (km)

Fault 
Length 

Fault 
Width 

Hyp_lon Hyp_lat Vs_min 
(m/s)

Max freq 
(Hz)

Grid spacing 
(km)

San Francisco Bay Area SFBA 1 Hayward 7.0 Strike slip 90 30 0.2 62.5 16 -121.86 37.7301 320 10 2
San Francisco Bay Area SFBA 2 Hayward 7.2 Strike slip 90 30 0.1 100 20 -121.86 37.7301 320 10 2
San Francisco Bay Area SFBA 3 Hayward 7.1 Strike slip 90 30 0.5 60 16 -121.86 37.7301 320 10 2
San Francisco Bay Area SFBA 4 Calaveras 7.2 Strike slip 90 35 0.2 62.5 16 -124.91 37.7301 320 10 2
San Francisco Bay Area SFBA 5 Calaveras 7.0 Strike slip 90 35 0.2 62.5 16 -125.93 37.7301 320 10 2
San Francisco Bay Area SFBA 6 Calaveras 6.8 Strike slip 90 35 0.2 62.5 16 -126.95 37.7301 320 10 2

Region Realization 

Fault rupture parameters Simulation 
parameters

Hayward Fault

1. Regional scale simulations
2. Simulations at a specific 

location (different realizations)
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Concluding Remarks

Ø Simulated GM database is currently under development with a preliminary version in 
https://sgmd.peer.berkeley.edu/. The interface is to be finalized by June 2024. 

Ø For seamless integration of the simulated GM database into current research & 
practice, the developed interface is similar to that of PEER recorded GM databases.

Ø The specifics & use cases of simulated GM are considered in the interface as 
search options.

https://sgmd.peer.berkeley.edu/


Schedule for Data Roll-Out & 
Beta Users

Khalid M. Mosalam
Selim Günay

Pacific Earthquake Engineering Research Center



Outline
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ØEngaging the Earthquake Engineering Community

ØTransition to Practice

ØBeta Users

ØSchedule for Data Roll-Out 
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Engaging the Earthquake 
Engineering Community (1/2)

Ø Value Proposition of PEER to develop the simulated GM database: 
ü Earthquake Engineering Center “11 core institutions, 9 educational affiliates & many participants”
ü Culture of creating/maintaining enabling technology (e.g., PBEE, OpenSees & NGA databases)
ü Active connection to the Earthquake Engineering profession in California and elsewhere

Ø PEER will facilitate broader use and impact of the simulated GM database (e.g., 
research in transportation systems, links to OpenSees/OpenSRA & SimCenter tools).

Ø The simulated GM database is timely to engage the Earthquake Engineering 
community by leveraging DOE resources.

Ø Simulated GMs are expected to facilitate regional scale evaluation of energy systems.
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Engaging the Earthquake 
Engineering Community (2/2)
Ø Database interface will include a feedback feature for users to provide suggestions 

to be considered in future updates. 
Ø The Earthquake Engineering community input will facilitate future design standard 

guidance using simulated GMs and realizing their benefits.
Ø We plan to hold an annual SGMD Forum similar to this event “every April?”

Feedback
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Beta Users

Potential Beta Users:
1. PEER research (promote use of simulated GMs through “PEER 

Requests for Proposals (RFP)”)
2. Users of SimCenter tools
3. Energy providers (PG&E, Southern California Edison, etc.)
4. Government agencies related to infrastructure networks (water, 

gas, transportation, etc.)
5. Structural engineering firms (using nonlinear dynamic analyses 

for building design & assessment)
6. Simulated GM researchers in various regions in US & worldwide

Beta Users

Law of diffusion of innovation (Rogers, 1962): How new 
ideas, technologies, or products spread through a population.
Rogers, E.M. (1962). How research can improve practice: A 
case study. Theory into Practice, 89-93.
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Transition to Practice

Ø ASCE 7-22 requires a minimum of 11 GM time histories for each target spectrum. 
Ø ASCE 7-22 Section 16.2.3: “Where the required number of recorded ground motions is not 

available, it shall be permitted to supplement the available records with simulated GMs.”
Ø In PBEE, even more GMs are preferred to: 

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

ASCE 7-22 ASCE 41-23 Tall Buildings Initiative FEMA P-58
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Advantages of the Simulated GM 
Database in Practice

Ø Availability of subsurface motions where recorded GMs are generally at the surface with 
limited number of geotechnical arrays (typically hard to maintain)

Ø Suitable for scenario-based regional-scale simulations

Ø Recorded motions not available for significantly large earthquakes (NGA West2 
database only has records for moment magnitudes Mw ≤ 7.9 & mostly distances ≥ 5 km)

Ø Realistic GM input to long span structures having insufficient number of recorded GMs 
for multi-support excitation input

Near-field (0-20Km) Instrumented Bridges
Partial Digital Twin
Full Digital Twin580/238 Interchange
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Potential Uses for Engineering 
Research & Practice: Structural

Ø Probabilistic Performance-based design 
optimization: Minimize lifecycle costs; Achieve 
resilience objectives

Ø Floor Motions: Response of nonstructural components
Ø Comparisons: Structural response with recorded & 

simulated motions for validation & acceptance
Ø Instrumented Buildings: More confidence in use of 

simulated GMs

Courtesy of D. McCallen
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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 Soil-Foundation-Structure Interaction 
(SFSI) modeling

Ø Bedrock Motions: Use in complete SFSI modeling 
Ø Geotechnical Arrays: Validation of subsurface 

motions; Characterizing soil layers
Ø Simulated Motions: Coupling with liquefaction (e.g., 

NGL), landslide analysis, etc.

Courtesy of D. McCallen
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Potential Uses for Engineering 
Research & Practice: Regional Sim.

Ø Coupling Simulated Motions with Fragilities 
and Consequence Functions: Scenario-based 
loss assessments

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

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

Courtesy of D. McCallen



Regional PBEE Simulations Using 
Simulated GMs 
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Ø With advances of computational technologies & availability of efficient methods to extract 
information, application of PBEE for regional scale simulations is possible.

Ø Simulated GMs are essential for accurate regional quantification of shaking in hazard 
analysis, to develop GMs for structural analysis, and for better city planning.

Example building damage maps 
from the HayWired study (2018)

ShakeMap of a M 7.3 scenario 
earthquake on the Hayward fault

Ø Regions with high seismicity in US (e.g., Cascadia Subduction Zone, Humboldt Region, 
San Francisco Bay Area, Greater Los Angeles Area & New Madrid Zone) and worldwide 
with available simulated GM studies (e.g., Chile, Colombia, Italy, Japan & Türkiye) can be 
added later to the database.
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Schedule for Data Roll-Out 

Task Jan.–March April–May June–July. Aug.–Sep.
Complete Server Configuration (Setup & Test)
Complete User Interface
Include All Data & Metadata for SFBA Simulations
Beta Version Roll-out
Feedback from Beta Users
Full Version Roll-out
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Concluding Remarks
Ø PEER hosting & maintaining the database adds a value to the broader use and impact of 

the simulated motions, which are expected to facilitate the regional scale evaluation of 
energy and other infrastructure networks.

Ø The motions in the database have many potential uses in structural, geotechnical, and 
regional scale applications including transition to practice.

Ø Feedback from potential users is essential to develop the full version of the database.
Ø There are current and future physics-based GM simulation studies in the US and around 

the world from which new data can be added to the database in the future.
Ø The database development and the full version roll-out will be regularly communicated to 

the PEER community (Website + Social Media + News Digest + Annual SGMD PEER-LBNL-
DOE Forum).

https://peer.berkeley.edu/

https://peer.berkeley.edu/

