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Outline

1. Introduction to SimCenter

2. Data Management
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Some Released SimCenter Research Tools

SimCenter Overview



NSF NHERI Natural Hazards Engineering Research Infrastructure

7 Experimental facilities

NCO

2 Recon facilities TACC web APITapis (TACC web API)

HPC
(Workspace)

Data Storage
(DataDepot)

Researchers
Industry
Government Agencies

Cloud-enabled research applications
Scalable to run on HPC with emphasis on UQ

SimCenter Research Applications
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SimCenterVision
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¢ƻ ǘǊŀƴǎŦƻǊƳ ǘƘŜ ƴŀǘƛƻƴΩǎ ŀōƛƭƛǘȅ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ŀƴŘ 
mitigate adverse effects of natural hazards on the built 

environment through computational simulation

άDǊƻǳƴŘŜŘ ƛƴ ǘƘŜ ǇǊŜǎŜƴǘ
Five years focus
¢ǿŜƴǘȅ ȅŜŀǊǎ Ǿƛǎƛƻƴέ 

Steve Mahin



Promise to NSF

ÁDevelop an open-source computational framework for building scientific workflow 
systems to support decision-making to enhance community resilience to natural 
hazards in the face of uncertainty;

ÁDesign a frameworkthat is sufficiently flexible, extensible, and scalableso that any 
componentof it can be enhanced to improve the analysis and thereby better meet 
the needs of the community; 

ÁSeed the frameworkwith enough data and interfaces to existing simulation toolsso 
that it can be employed in the near-term;

ÁRelease tools/applications built using this framework that meets the computational 
needs of researchers in natural hazards engineering; 

ÁProvide an ecosystemthat fosters collaboration between scientists, engineers, urban 
planners, public officials, and others who seek to improve community resilience to 
natural hazards.

7



SimCenter Framework
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SimCenter Framework
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Regional Risk Assessment

Response Estimation

Performance Assessment



SimCenter Applications and Workflows

We develop applications that implement complex workflows, we validate 
them with large testbeds, and make them publicly available to facilitate 
research in regional risk management.
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San Francisco Bay Area Atlantic City, NJ



??? Scientific Workflow Systems & Scientific Workflows ???
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Scientific Workflow: A scientific workflow is an
automated workflow of applications in which
multiple applications are invoked following a
workflow description with applications started
and data being passedbetween the applications
by workflow managementsoftware that runs the
workflow.

Scientific Workflow System: An application that allows 
users to build, launch, and monitor scientific workflow. 



R2Dt (Regional Resiliency Determination Tool)
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Application which allows users to create complex workflows for regional simulation and 
make them publicly available to facilitate research in regional natural hazard risk 
management.



Select Event
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Steve providing image of hurricane
track



Results
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?? Initial Building Inventory ??
ÁExisting Datasets (San Diego County, New Jersey State, Washington State, ..)

Á!ǎǎŜǎǎƻǊΩǎ ²ŜōǎƛǘŜǎ ϧ ²Ŝō !ǳǘƻƳŀǘƛƻƴ
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Tax 
!ǎǎŜǎǎƻǊΩǎ 
website

Web Automation 
Framework

Parcel ProcessorParcel Tax 
Records

Building 
Information 

Models



?? Other Data/Missing Data/No Datasets ?? 
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Roof Shape

Roof Height

# Stories

Year Built

Occupancy Type

Roof Material

Roof Slope

Window Area

Soft Story?

Structural Type
Floor Area

Foundation Type
External Material
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Height First Floor
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City of Interest

Metadata collection

Satellite / Street ImagesSatellite / Street Images

Machine Learning

BIM For Individual Bldgs.

Uncertainty Quantification 

(SURF)

Regional-scale Building 

Inventory

Geocoding

Uncertainty Quantification 

(SURF)

Machine Learning

BRAILS: Building Recognition using AI at Large Scale

SURF
Machine Learning

Å It consists of modules. The modules will be applications that perform certain tasks
Å It provides workflow applications. The workflows will combine modules to create inventories for different events, 

e.g. Hurricane or Earthquake, considering level of simulation to be performed



CityBuilderApplication in BRAILS
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?? Work to Identify Objects & Classify Images??
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ÁStudents, Postdocs, Faculty and Me

ÁCrowd Sourcing, e.g. zooniverse.org



pelicun is an open-source Framework  for damage & loss

Estimate asset damage 
and its consequences

ÅDescribe the asset, 
its response and fragility
ÅEstimate P(collapse)
ÅEstimate damages
ÅEstimate losses
ÅAggregate results

response estimation 
methods

fragility models

correlation models

population 
distributions

fragility functions

loss functions

Workflow

?? Damage & Loss ?? 

ApplicationLibrary



Levels of Precision
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building-level
e.g.HAZUS methodology

subassembly-level

component-level
similar toFEMA P58 methodology

roof cover

roof framing

interior

structure frame

exterior wall

below first floor

foundation

window

stucco

door



Performance Based Engineering
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Goal: High-resolution performance assessment under wind hazards

Multi-Fidelity Framework
HAZUS

FEMA P58



Data Management
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The SimCenter Application Framework



Data Management
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INPUTDATA OUTPUTDATA



Data Management Overview

Input and Output data:

- Organization: 2D tables, keep them as simple as possible, but not simpler

- File Format: CSV for small, HDF5 for big data

- Storage: Currently, local computer and public, web-based repositories
Introducing DesignSafe-based, publicly accessible databases in 2022
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INPUTDATA OUTPUTDATA



Data Management Overview

Internal data:

- Independent from input/output, parsers handle the mapping between them

- Organization: Nested dictionaries (key-value pairs)

- File Format: JSON

- Storage: Temporary, local computer
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INPUTDATA OUTPUTDATA



Data Management Overview

Supporting databases:

- Examples: event time histories, surrogate model parameters, fragility curves

- Format and organization varies, depends on the module used

- Storage: Currently, local PC, bundled with applications if possible, otherwise GitHub
Introducing DesignSafe-based, publicly accessible databases in 2022
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Data Management Overview

Input and Output data:

- Organization: 2D tables, keep them as simple as possible, but not simpler

- File Format: CSV for small, HDF5 for big data

- Storage: Currently, local computer and public, web-based repositories
Introducing DesignSafe-based, publicly accessible databases in 2022
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INPUTDATA OUTPUTDATA



High-Resolution Simulations

We focus on parcel-level resolutionwith uncertainty quantification
(10K-1M assets)                                   (100-млY ǊŜŀƭƛȊŀǘƛƻƴǎύ      Ҧ   мa ς10B data points

4 MB ς40 GB per output
Consider what outputs are needed before running the simulations.
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parcelsSan Francisco San Francisco

source data courtesy of USGS

census tracts

building inventory in SF Bay Area testbed

(uncompressed)



General Table Structure ςAsset Inventory
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Attributes in Exposure Data
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Based on experience with large testbeds in SF Bay Area and Atlantic County.

San Francisco Bay Area, CA Atlantic County, NJ

San Francisco

Atlantic City



Attributes in Exposure Data
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!ǘǘǊƛōǳǘŜǎ ŦǊƻƳ ǘŀȄ ŀǎǎŜǎǎƻǊ ŘŀǘŀΣ ƛƳŀƎŜ ǊŜŎƻƎƴƛǘƛƻƴΣ ǿŜō ǎŎǊŀǇƛƴƎ Ҧ documentation!

excerpt from online documentation for Atlantic County testbed

BRAILS, zooniverse

https://nheri-simcenter.github.io/BRAILS-Documentation/
https://www.zooniverse.org/projects/simcenter/building-detective-for-disaster-preparedness


Attributes in Exposure Data
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Rulesets based on design and population characteristics can help infer additional features

excerpt from ruleset description for wooden, single-family houses

- Secondary Water Resistance



Attributes in Exposure Data
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Rulesets based on design and population characteristics can help infer additional features

excerpt from ruleset script for WSF1-2 buildings

- Secondary Water Resistance


