
NGL: An Open Source Global Database for 
Next-Generation of Liquefaction Assessment

Paolo Zimmaro, Ph.D.
Research Scientist and Lecturer

University of California Los Angeles

05/15/2018 Paolo Zimmaro, Ph.D. 1

SSA-LACSC joint conference, Seismology of the Americas
March 15 2018

Miami (FL)



Acknowledgements

SSA-LACSC joint conference, Seismology of the Americas
March 15 2018

Miami (FL)

05/15/2018 Paolo Zimmaro, Ph.D. 2

Co-authors
Dongyoup Kwak (Hanyang University, South Korea)

Jonathan P. Stewart (UCLA)

Scott J. Brandenberg (UCLA)

Project Co-PIs and collaborators
Steven L. Kramer (U. Washington) 

Yousef Bozorgnia (UCLA)

Tom Shantz (Cal Trans) and Thomas Weaver (NRC)

Onder Cetin (METU), Robb Moss (Cal Poly SLO) Kevin Franke (BYU)

Sjoerd Van Ballegooy and Mike Liu (Tonkin & Taylor, NZ)

Jon Bray and Christine Beyzaei (UC Berkeley)

Russell Green and Kristin Ulmer (Virginia Tech)

John Stamatakos, Miriam Juckett, Joey Mukherjee, and Zazkary
Murphy (SwRI)

Many other US and international collaborators…

UCLA undergraduate and graduate students

Funding Agencies



Outline

05/15/2018 Paolo Zimmaro, Ph.D. 3

• Liquefaction assessment: Needs and current situation

• The Next-Generation Liquefaction Project (NGL) Vision

• Flatfiles vs Relational Databases

• The NGL Database

• Final Remarks
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Liquefaction assessment: Needs and current situation
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Steps in liquefaction risk assessment (three-step approach):

1. Susceptibility 

2. Triggering (Factor of safety and/or probability of liquefaction)

3. Effects (consequences)

Each is empirical or semi-empirical, and hence is reliant on available data. 
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Liquefaction Assessment: Current Needs
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Small data sets

A few sites are especially 
consequential

From Idriss and Boulanger (2010)

Existing data sets are necessarily 
incomplete, especially: 

Depth > 10 m
M > 7.5 and M < 6.0
FC > 30%
CSR > 0.4 
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Alternate liquefaction models 
provide different outcomes. 

Why?
1. Inconsistent data sets

2. Different methods for data 
interpretation

3. Different models for extrapolation 
beyond data range

4. Potential errors in data analysis

5. Minimal between-developer 
interaction

CSR

PR
Graphic: S. Kramer

Liquefaction

No Ground Failure

Liquefaction Assessment: Present Situation
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The NGL Project Vision

• Community field case-history relational database

• Supporting studies of critical effects poorly constrained by data

• Model development: team meetings, common resources, required parameter 
space
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The NGL Project Vision

• Community field case-history relational database

• Supporting studies of critical effects poorly constrained by data

• Model development: team meetings, common resources, required parameter 
space
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Flatfiles vs Relational Databases

Relationships set through shared fields (keys)
Primary key: unique identifier for each record

Foreign key: field in one table that identifies a 
record in another table

Event table

Station table

Ground Motion table

Benefits of relational databases:
Smart database (query, advanced tools)

Minimize duplicated fields
Avoid null fields

From spreadsheet (flatfiles)
(Traditional data analysis)

To relational database
(big-data analytics)

From Brandenberg et al. (2018)
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Benefits of a Relational Databases

Advanced tools (work on the cloud) “Smart” database
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The NGL Database
KPHP platform, GIS-based mapping tool, To be hosted at DesignSafe (UT NHERI site)

On-line beta version
http://uclageo.com/NGL/database/index.php
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The NGL Database
Graphical interface – User Experience Design 

User 
Experience
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The NGL Database
What constitutes a case history? 

• Site information Minimum requirements: 
- Soil stratigraphy
- Ground water depth
- Details pertaining to soil type
- Penetration resistance or VS

On-line beta version
http://uclageo.com/NGL/database/index.php
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The NGL Database
What constitutes a case history? 

• Site information

• Event information

On-line beta version
http://uclageo.com/NGL/database/index.php

- From NGA!
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The NGL Database
What constitutes a case history? 

• Ground performance

• Site information

• Event information

On-line beta version
http://uclageo.com/NGL/database/index.php

Minimum requirements: 
- Written, mapped, or imaged 

observations
- Date/time of reconnaissance
- Location (lat/long)
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The NGL Database
Site Information
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The NGL Database
Event Information: Integration with NGA (Next-Generation Attenuation) products

Integration with NGL

Data collection stored in a series of flatfiles

NGA data

• NGA Data implemented as part of the NGL
Relational Database

• Only fields relevant to NGL are included:
• Recording stations
• Event information
• Fault-segments information (more than one

for multi-fault ruptures)
• 5% damped response spectra only
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The NGL Database
Ground Performance: High-Resolution Satellite Images

Bower Avenue Site after the 2011 Christchurch Earthquake (New Zealand)
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The NGL Database
Ground Performance: LiDAR Maps

Bower Avenue Site after the 2011 Christchurch Earthquake (New Zealand)
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The NGL Database
Ground Performance: Site Maps

Urayasu City Site after the 2011 Tohoku Earthquake (Japan)
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The NGL Database
Current Tasks: Database Population and Data Vetting

Review/Vetting: NGL Datbase Working Group (Brandenberg (chair), Moss, Franke, Cetin)
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Final Remarks

• Urgent need for high-quality, transparent, case-history database

• The NGL relational database (being populated): open-source relational database

• Relational databases are more powerful than flatfiles (transformational shift from past 

practices!)

• The NGL database will include NGA data

• Future task: Completion of database population, supporting studies, model development
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http://uclageo.com/NGL/database/index.php

https://uclageo.com/NGL/
Project homepage:

Database (beta):
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