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➢ Introduction

➢Recorded Ground Motion Databases

➢Simulated 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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a
Hazard Analysis

Structural Analysis

Damage Analysis

Loss Analysis

a

Probabilistic PBEE Framework



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

➢ Defining hazard & select corresponding GMs.

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

➢ 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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✓ Scarcity of recorded near-fault GMs 

from large magnitude earthquakes.

✓ Insufficient recorded GMs to conduct 

regional scale simulations.

✓ Lack of the ability of most GM Models 

(GMMs) to capture effects of rupture 

propagation, e.g., directivity.

✓ Increased number of validated GM 

simulations from multiple regions.

Near-field (0-20Km)



Requirements of a Successful 
Database
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✓ Scalability, i.e., large storage server (up to 95 TB SSD) with regular 

maintenance & backups (network interface of 10 GB/s).

✓ 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

➢ GM data at the physical stations

➢ Recorded 3 components of 

acceleration, velocity & displacement

➢ Horizontal motions depend on sensor 

orientation

➢ GM data at the grid stations

➢ Computed 3 components of 

acceleration, velocity & displacement

➢ 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

➢ 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. 

➢ For seamless integration of the simulated GM database into current research & 

practice, the developed interface is similar to that of PEER recorded GM databases.

➢ The specifics & use cases of simulated GM are considered in the interface as 

search options.

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

	Slide 1: Khalid M. Mosalam Selim Günay Pacific Earthquake Engineering Research Center
	Slide 2
	Slide 3: Outline
	Slide 4: Earthquake Engineering Profession
	Slide 5: PEER DNA: Integrated PBEE Methodology 
	Slide 6: Why Did PEER Develop Recorded Ground Motion (GM) Databases?
	Slide 7: How Did PEER Develop Recorded GM Databases?
	Slide 8: Need for Simulated GM Database
	Slide 9: Requirements of a Successful Database
	Slide 10: Survey About Simulated GM Database Interface (March 2022)
	Slide 11: PEER Recorded GM Database Interface
	Slide 12: Recorded vs. Simulated GM Databases (1/3)
	Slide 13: Recorded vs. Simulated GM Databases (2/3)
	Slide 14: Recorded vs. Simulated GM Databases (3/3)
	Slide 15: Simulated GM Database Interface
	Slide 16: Concluding Remarks

