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Mission

“Transforming the nation’s ability to
understand and mitigate adverse effects of
natural hazards on the built environment
through computational simulation”

Grounded in the present

Five year focus
Ten year vision

SimCenter®



Goals

= Develop a computational framework that supports decision-making
to enhance community resilience to natural hazards in the face of
uncertainty;

= Design the framework to be sufficiently flexible, extensible, and
scalable so that any component can be enhanced to improve the
analysis and thereby meet the needs of a user group;

= Seed the framework with connectivity to existing simulation tools
and data so it can be readily employed and improve as users identify
new needs;

= Release tools/applications built using this framework that meet the
computational needs of researchers in natural hazards engineering;

= Provide an ecosystem that fosters collaboration between scientists,
engineers, urban planners, public officials, and others who seek to
improve community resilience to natural hazards.

SimCenter®
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OpenFOAM based CFD analysis software
for analyzing the effect of wind on
structures and attendant response,
including UQ in future releases.

The ugFEM application is intended to
advance the use of uncertainty
quantification and optimization within the
field natural hazards engineering.

These applications address basic and advanced modeling, analysis and simulation needs across an array of Natural Hazards. They incorporate uncertainty quantification (UQ) and
optimization concepts. Downloadable apps, user manuals, user feedback, and relevant resources are available on the linked resource pages.

E

The EE-UQ Tool is an application to
determine the response, including UQ, of
a structure to an earthquake excitation.

ate

PBE
avy |

The PBE Tool is an extensible workflow
application to perform Performance Based
Engineering computations for various
hazards. PBE analysis includes multi-
ensemble simulation models for UQ.

SimCenter Research Tools
https://simcenter.designsafe-ci.org/research-tools
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Software Source Codes and Contributions
https://github.com/NHERI-SimCenter



https://github.com/NHERI-SimCenter
https://simcenter.designsafe-ci.org/research-tools

Role in NHERI

DesignSafe-ci.org is a comprehensive cyberinfrastructure
environment for research in natural hazards engineering.
* Data Storage and Sharing

* Access to HPC at TACC

Network
Coordination| ;e
Office -

Data Depot Stamede2

* Cloud platform for running deployed applications

@penSees openVFOAM ADCIRC ETE

LS Dyna

* Collaboration Tools SimCenter Application
3= slack Framework

Experlmental and
RA P I D fa C I I It I e S NHERI: A NATURAL HAZARDS ENGINEERING RESEARCH INFRASTRUCTURE

it adil WAgave [ TACC web AP

Platform

SI m ce nllle r L SimCenter Research Applications

Center for Computational Modeling and S|rnulohon

PBE
Cloud-enabled research applications %& Ny 52, >

Scalable to run on HPC with emphasis on UQ

SimCenter®



https://www.designsafe-ci.org/

Leadership Group

Sanjay Govindjee Ahsan Kareem Laura Lowes Greg Deierlein
UC Berkeley Notre Dame Washington Stanford

Camille Crittenden Frank McKenna Matt Schoettler
UC Berkeley UC Berkeley UC Berkeley
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Software Development Team
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Peter (UW), Michael, Adam (Stanford), Frank,
Chaofeng, Wael, Pedro (UW)

Jaiwai (ND)
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Domain Experts

Additional experts in engineering, urban planning, social science, and computer and information science

e

Iris Tien George Deodatis Patrick Lynette Alex Taflanidis Jack Baker

Joel Conte Vesna Terzic Jonathan Bray  Tracy Kijewski-Correa  Michael Motley Paul Waddell

009

Filip Filippou Ewa Deelman Kincho Law Ertugrul Taciroglu Stella Yu Eduardo Miranda
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Strategy

Current software is often good, but:
* Regular software updating needed,
* Unable to scale to HPC, | f /
e Difficult to interact with and move ‘
data from one app to another.

>

-
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* Move to cloud-based HPC
environment,

* Provide integrated “plug and play”

capability to link multiple software
apps together into workflows

SimCentert




API Facilitated Application of Applications

SimCenter®



Desired Outcome

T. Tamura Group TIT
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Application Framework & Research Apps

describe the region
specify characteristics of buildings and infrastructure ip
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NHERI: A NATURAL HAZARDS ENGINEERING RESEARCH INFRASTRUCTURE

( Asset Y
Description =~
Hazard
Description

describe the hazard
specify the regional distribu

for each random regi
propagate uncertain characteris

for each asset in the region:

g describe the asset cwe
3 '..3 create stochastic models for response, damage, and loss estimation A
v EE
(%] - -
e Asset & Hazard = describe the event at the site A
..E Modeling ] specify hazard-consistent loads for response estimation
(1]
eo S for each random asset-event sample:
£ > propagate uncertainties in asset models and event description Y
v Response t . M
° . . = estimate asset response to the event o
g-_ Estimation E describe the response with engineering demand parameters
= v - -
v p estimate asset damage and its consequences PBE
=) prepare a stochastic description of damage and loss for the asset aw

Damage and

Loss Estimation describe regional damage and direct losses

aggregate damages and losses in the region considering dependencies

estimate indirect regional consequences

Regional describe regional consequences of infrastructure- and social disruption

Recovery
Simulation

simulate regional recovery
estimate the temporal and spatial variation in the recovery of communities

SimCenter®



Cvg‘é Computational Wind Engineering
o/

Application: —— ——— —
* Interface to OpenFOAM (CFD) -”‘"' R e r—
* User Inputs Building Information B | o

Rotation of 20 Sice

* User Selects from different loading
options & Inputs Parameters

e User Specifies RV distributions

* The tool when run will auto generate the
analysis model, obtain wind forces in A
building, run a set of deterministic
simulations on DesignSafe.

. . 10857427
e User selects run & views different output (= e
results. '
Release Dates:
2D Building Slice 3D Building Geome

= Version 1.0 (June 2018): Wind Flow around Bluff

Bodies A
= Version 2.0 (2019): Wind Forces on Building m
L.

= Version 3.0 (2020): Multi-fidelity Modeling & UQ - = e — .

Save Al Parameters

S SimCenter®¥
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Ehg EE-UQ Application

= Quantifies uncertainty in building response subjected to an

earthquake
Application:

* Inputs: Building information, earthquake
event & uncertainty specification

e Outputs: Uncertainty measures of
building response

Release Dates:

* V1.0 (2018) Uniform Excitation

* V2.0 (2019) Rock Outcrop motions + Expert System

* V3.0 (2020) Soil Box around Building + Machine
Learning

Research Opportunities:

* Finite element modeling

* Hazard characterization

* UQincluding surrogate model generation
* Datasets for model calibration

SimCenteris¥

" EEUQ
File Help

EE-UQ: f Building to Earthquak

Loading Type |Hazard Based Event b

Earthquake Rupture
Location
Latitude: [37.900 3] Longitude: [122.300 2] Depth: [0.000 2]
Geometry

Average Do: [20.00 [2]  AversgeRake: [0.00

Ground ion Prediction Equati

Type: |Campbel & Bozorgnia (2014)




‘FE
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UQFEM A

oplication

" Integrates Simulation App

Application:

* Inputs: FEM model, input uncertainty
specification, UQ method & post-
processing script

e Outputs: Depends on problem type and
post-processing (e.g. Uncertainty
measures of outputs)

Release Dates:

* V1.0 (June 2018) Support for OpenSees, FEAP
and Dakota
* V2.0(2019) - UQ Engines other than DAKOTA

(e.g. UQpy)

Research Opportunities:

* Surrogate Modeling
* Model Calibration

SimCenteris¥

ications with UQ Engine(s)

Problem Algorithm

Type

—_—

OpenSees Sampling

Parameter
Estimation

FEAPpv

Bayesian
Calibration




PBE
Ao/ A

PBE Application

= Probabilistic damage & loss calculations of a building subjected

to a natural hazard
Application:

* Inputs:
Building & structural information,
Hazard characterization,
Contents,
Damage & loss functions, e.g. P58, Hazus or
user-defined.
e OQOutputs: Damage, loss, and consequences

Release Dates:

* V1.0 (Oct 2018) Earthquake
* V2.0 (2020) Other Hazards

Research Opportunities:

* Damage & loss calculations
* \Validation of fragility and consequence functions

SimCenteris¥

PBE -

POL - Performance Based Lngineering ool Logn |

Based g Tool Login |

Building Information

Name test wooden house

Revision 1

Type w1

Year (1945 =
Stories  [3 =
Height 8

Plan Area 111.484

{

Location
Name test_location
Latitude  [37.9900

Longitude [-122.5987 s

¥




PELICUN

" Probabilistic estimation of losses, injuries and
community resilience under natural disasters

" Hazard-agnostic loss-assessment library in @ python

= Object-oriented and conceptually similar to what
OpenSees is for FEM

* Open-source, transparent, cross-platform, easy to

install and use )  python  BS

G|tHUb 2\' - Read theDocs
SimCenterte




Application Framework & Research Apps

describe the region
specify characteristics of buildings and infrastructure ip
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NHERI: A NATURAL HAZARDS ENGINEERING RESEARCH INFRASTRUCTURE

( Asset Y
Description =~
Hazard
Description

describe the hazard
specify the regional distribu

for each random regi
propagate uncertain characteris

for each asset in the region:

g describe the asset cwe
3 '..3 create stochastic models for response, damage, and loss estimation A
v EE
(%] - -
e Asset & Hazard = describe the event at the site A
..E Modeling ] specify hazard-consistent loads for response estimation
(1]
eo S for each random asset-event sample:
£ > propagate uncertainties in asset models and event description Y
v Response t . M
° . . = estimate asset response to the event o
g-_ Estimation E describe the response with engineering demand parameters
= v - -
v p estimate asset damage and its consequences PBE
=) prepare a stochastic description of damage and loss for the asset aw

Damage and

Loss Estimation describe regional damage and direct losses

aggregate damages and losses in the region considering dependencies

estimate indirect regional consequences

Regional describe regional consequences of infrastructure- and social disruption

Recovery
Simulation

simulate regional recovery
estimate the temporal and spatial variation in the recovery of communities

SimCenter®



Regional Simulation

Applications

The Application Framework provides applications with
standard interfaces

Buildings Hazard Modeling Losses

Generic O Q O Q

BIM

) @ ) O

Document

Database O O

SimCenteris¥



Regional Simulation

Configuration

Chain a set of applications into a building workflow

Low Fidelity :
Configuration seneric S O
:
onfiguration
Multiple Fidelity UIIEIEE FEMA
Fideli
Configuration B O e

SimCenteris¥




Regional End-to-End EQ Testbed

Households Governments Businesses
HuSmliokS SR ]| Lenausepans Bl | Gt goosoentces
Mgration Srowih marsgeinant Inter-regional trade
Residential Mobiity Infrastructure
a8 Housing Choice Pricing Mobiity
Labor Supply Location Choice
Workplace Choice : Labor Demand
Vehicle Ownership
Activity Generation — Land development ]
SR gt ([ oo
Route Choice Redeveiopment
| | | b Policy/Planning: building losses &
M7.0 Hayward Fault 1.8 million buildings in SF Bay Area downtime in 2010 and 2040

Objective: develop/exercise a computational workflow for a
significant simulation that can engage broad NEHRI community

Ground Motions: 3D simulation, GM’s at 2km grid (Rodgers, Pitarka & Petersson)
Building Inventory: UrbanSim and DataSF Portal, geometry, age, occupancy
Building Analyses: OpenSees, simplified NL MDOF, FEMA P58 (w/Cheng & Lu, Tsinghua)

Visualization: Q-GIS, UrbanSim
Interpretation: UrbanSim - urban growth, damage/loss, displaced occupants/population

SimCenter®



Comparison of Building Damage

SimCenter Workflow

- Red-tagged buildings 141,400
- Net buildings damage ratio 5.6%

Building damage

01 0

M <0.1%
0.1-0.5%
0.5-25%

M 25-5%

NT m 5-10%

' Il >10%

-,
i .

\NTA CLARA

Hvd
P

ratio—damage divided
by replacementl value,
expressed as a percent)

STAN

USGS HayWired

Red-tagged buildings 101,000
Net buildings damage ratio 2.9%

SimCenter®



Regional Simulation

San Francisco Bay Area Testbed
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Al Applications: BIM to SAM

Structural Engineers

g sk bt

Future Virtual Engineer Dataset: 87 walls

Training: 98% accurate
Testing: 93% accurate

Hidden

A SAM

AL

4»‘/"4z" i
ARELT N

‘.4";‘ -
N {i}

&

X
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In the Future: Al for Data to BIM

«GIF | Images— o o o

Future Virtual Engineer

: ; lr, w",.'.
2 )

4 3 \, 4 Vi p : ~'~- b | .
B 1 ‘\' «GIF | Images— » =SB \' 97 = SN .
A ey HEES Wachine

EEE
Learning -
[ = |

~~_7/ '" building
2 -~/ 3D models
- : e SF building footprints: 117023 buildings, height, GPS
. coordinates, ...
fu . _ " = SFbuilding permits: 1+ million records, #stories,
o ,a construction types, GPS coordinates, ...

= SFland use: 115,468 records, land use types, year built,
GPS coordinates, ...

SimCenter®



ECO Activities

= SimCenter Online Webinars

Advances in Computational Modeling
and Simulation

m HPC Ground Motion Simulations of Large
Hayward Fault Earthquakes
November 14, 2018

e Watch Webinar

Al & Machine Learning in Natural Hazards
Engineering: Technical & Modelling Q & A
November 6, 2018

o Watch Webinar

UQ Computational Advances for Natural Hazard Risk
Assessment

October 24, 2018

o Watch Webinar

Early Career Researcher Forum

m Tsunami-Induced Turbulent Coherent
Structures: Large-Scale Experimental
Observations and Interpretation

February 21, 2018

e Watch Webinar

HPC Aided Seismic Risk Assessment of Vertical
Concrete Dry Casks
December 13, 2017

e Watch Webinar

Modeling of 500-year Cascadia Subduction Zone
Tsunami Inundation
November 1, 2017

Natural Hazards Engineering 101

m Understanding Tsunamis and Their Effects
August 30, 2017

o Watch Webinar

Computational Fluid Dynamics, Simulation &
Computational Tools
June 12, 2017

o Watch Webinar

Exploring Wind Engineering
May 17, 2017

o Watch Webinar

= NHERI Summer Institute (unes-7)

= Subscribe to SimCenter news and join Slack channels
" https://simcenter.designsafe-ci.org/join-community/

= | etters of Support and collaboration questions
= https://simcenter.designsafe-ci.org/about/collaborate/

SimCenter®



https://simcenter.designsafe-ci.org/join-community/
https://simcenter.designsafe-ci.org/about/collaborate/

ECO Activities

= SimCenter Tool Training Workshop (summer 2019)

https://www.designsafe-ci.org/learning-center/reu/
Applications due February 1, 2019

SimCenteris¥
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Educational Applications
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Regional Simulation Demo

Wael Elhaddad
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Regional Simulation

Running a regional simulation using DesignSafe
|

elhaddad / SanFransicoBayArea DESIGNSAFE-Cl &V

NHERI: A NATURAL HAZARDS ENGINEERING RESEARCH INFRASTRUCTURE

= WORKFLOWSANDBOX-0.0.1

Workflow sandbox b i oo

This Agave application runs the regional earthquake work| Previewing RegionalDamageLoss.csv

Ej ReglonalDataSF'ZIP Id,MedianRepairCost,RepairCostStdDev,MedianDowntime,RedTagged,PGA, LossRatio, Latitude,Longitude
& Workflow sandbox Documentation 1,2283.110478,8032.663829,2.504329718,0,0. 1485565749, 0.00545277256, 37 .98999094,, -122. 5986709
2,2322.332178,8353.084416,2.578395361,0, 0. 1485565749, 8. 005546446087, 37. 97476531, -122. 6056875
@ SFTestbed.ison 3,1735.890089,4928.248935,1.879175786,0,0. 1116615698, 0. 005365861603, 37. 34473211, -122.0014662
| 4,0,1309.33413,0,0,0.05215423038, 0, 37.69498903, -122.0703993
|npUtS 5,404.1425639,2983.306245,0.4348193721,0,0.1011026504, 0. 001294669647, 37.55952818, -121. 9943362
6,429.8364153,3279.846382,0.4650697896,0,0.1011026504,0. 001213378268, 37.55967004,, -121.9935883
7,1962.583329,7670.241139,2.202832543,0,0. 1444872579, 0.003062270678, 37.46223573,-121.9172232
; : ; 8,47956.69776,24475.45644,47.93342693,0,0. 3140326198, 0. 07482810396, 37.70081432, -121.9576976
Regional Simulation Data 9,1499.097842,7080.007633,1.639917365,0,0.1485565749,0.007137489834, 37.98695719, -122.594278
E I 10,311647.1916,149865.6742,3.569151239,0,0.3662079511, 0. 01040081069, 37.79499202, -122. 2823383

551.610525,0.3743152166,0,0.09242721713, 0. 0008630125267, 3789525182, -121.6147928
p036.858667,3.83482031,0,0.1485565749,0.009186024644,37.98488147,-122.5987679
Memory Per Node 64 h0141.04716,6.315196846,0,0.1564067278, 0. 01327976234, 37. 99405688, - 1226021578
Wo 1043.53758,7.432688412,0,0. 1564067278, 0. 01604863764, 37. 99382403, -122. 6003333
b501.53396,5.004892366,0,0. 1564067275, 0. 02010345436, 3799375169, -122.5990357
10.434304,3.596105403,0,0. 1365718654, 0. 007506706652, 37. 99099411, -122.5840929
S b382.016734,3.443410385,0,0. 1365718654, 0. 00748471972, 37.99060732, -122. 5838343
|: Node Count 64 b146.851353,2.78766613,0,0. 1365718654, 0. 009005268839, 37. 98960725, -122.5833179
bs4.666869, 3. 364656117, 0,0. 1365718654, 0. 007633244792, 37. 99046758, -122.5877322
b536.767485, 3.334869885,0,0. 1365718654, 0. 007277314969, 37.9904638, -122. 5868473
. . F391.248695,3.520676227,0,0.1365718654,0.00741556979,37.98862771,-122.5834802
Parameters bUI|dIngSCOUﬂt: 500000 0s80.03748,2.116157858,0,0.1365718654,0.01092685723, 37.98421842, -122.5910192
b526.037079,3.502449519,0,0. 1365718654, 0. 007506869051, 37. 98376006, -122. 5993697
b556.975145,1.745082997,,0. 1365718654, 0. 003260135295, 37.9826577, -122. 5900615
Nun b267.5125,2.382627399,0,0. 1485565749, 0. 09506261587, 37. 98257195, - 122. 59198
ID 4096 B49.312603,3.456447379,0,0.1365718654,0.007298426463,37.98445303,-122.5886608
bs16.256341,1.692911727,0,0.1365718654, 0. 003362249995, 37.98600702, -122. 5923766
b247.067114,1.469390713,0,0. 1485565749, 0. 005940254973, 3797846409, 122, 5888359
r £307.329661,2.54083599,0, 0. 1485565749, 0. 005545193, 37.97935977, -122.59026
Thid b249.945916,2.412481788,0,0. 1485565749, 0. 004855798967, 37.97980838, -122. 5899875

Submit Time 2018-10-28T11:37:50.000-05:00 b663.460349,1.660952586,0,0.1365718654,0.003239211616, 37.97955739, -122. 5889619

B815.031665.6.951863666.0.0.1365718654.0.009744852425.37.97975387.-122.5878035

Start Time 2018-10-28T11:38:01.000-05:00 ciose

End Time 2018-10-28T14:07:16.000-05:00

SimCenteris¥




Regional Simulation

Running a regional simulation using on Local Computer

Y . > python RegionalEarthquakeSimulation.py LowFidelity.json

A pp lications 2018-10-28T19:54:207 HHHHHHHHHHRHHHHHHHHHHHHHRRBHHHHHHHHHHHERRRRHHHHH

2018-10-28T19:54:20Z Starting Simulations

d at a 2018-10-28T19:54:207 #H##H##HHFHEHHSHEFHHHEHTHHEHHHHER R R
2018-10-28T19:54:20Z Workflow Configuration: LowFidelity.json

: y x 2018-10-28T19:54:207Z Applications Registry: WorkflowApplications.json

LowF|de||ty Json 2018-10-28T19:54: 207 #iHHHHHHEHHEHHHHAHHEHHEHHBEBREHHSHHEHHERESEHIH
2018-10-28T19:54:20Z SUCCESS: Parsed Workflow Configuration

2018-10-28T19:54:207 #HHHHHHHHHHRHHHHEHHERHHHHRAHAHAHHHBHEHEHEERERHHE

MuItIpIeFldellty.Json -10-28T19:54:217 Running simulation for building
2018-10-28T19:54:317 Running simulation for building

P 1 1 1 2018-10-28T19:54:42Z Running simulation for building
ReglonalEarthquake5|mU|at|0n.py 2018-10-28T19:54:527Z Running simulation for building

-7
n"‘f
—
._[
n«‘c
—

[y

ﬂ“?’ . i 2 2018-10-28T19:55:03Z Running simulation for building
- WorkfIOWAppl|Cat|0nS.J50n 2018-10-28T19:55:13Z Running simulation for building
2018-10-28T19:55:18Z Running simulation for building

: 2018-10-28T19:55:23Z Running simulation for building
e WorkﬂOWUt”S'py 2018-10-28T19:55:287 Running simulation for building

2018-10-28T19:55:33Z Running simulation for building
2018-10-28T19:55:38Z Log file: workflow-log-1-10.txt

Apphcat]ons, 2018-10-28T19:55:38Z End of run.

Sam le Data I S « 161206[64] 1/1 [+]NUM PRIl 74x24  (3,26) 25V 17596 100%
& EXF;mples Runs Locally as a

console application
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Regional Simulation

[\
JSON
{ "Events": [
"Name": "Workflow5", {
"Author": "Wael Elhaddad", . L. o w N
"WorkflowType": "Regional Simulation", EventClassification": "Earthquake",
"buildingFile":"buildings.json", "EventApplication": "LLNL-SW4",
"Applications™: { "ApplicationData": {
: }Buudlngs L "pathSW4results": "../createEVENT/Hayward7.0/",
. --Events--; [ - ? "filenameHFmeta":"../build/data/HFmeta"
]: hY
¥ "Modeling": {-- "Damage&Loss": {
§ EEDP.., ‘- "Damage&LossApplication”: "FemaP58-LU",
}s "ApplicationData™: {
: ;Slm“atm”"’ e "filenameSettings":"../build/data/settings.ini",
% "UQ-Simulation": { - 7 "pathCurves":"../build/data/ATCCurves/",
3 "pathNormative":"../build/data/normative/"
+ "Damage&Loss": { -
} }
¥
, }

SimCenter



E-UQ DEMO
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#  About~  ResearchTools+  LearningTools +  Knowledge Hub ~

The SimCenter provides next-generation computational modeling and simulation
software tools, user support, and educational materials to the natural hazards
engineering research community with the goal of advancing the nation’s capability
to simulate the impact of natural hazards on structures, lifelines, and communities.
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Watch the November 14, 2018
SimCenter Webinar:
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Tem® Community
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« NHERI REU Summer Program
Apply Now: Application deadline of February 1, 2019.

Webinar Archives

Visit the Knowledge Hub to view past SimCenter Webinars.
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Advances in Computasonal Madefieg and Simdston
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U0 Computational Advances for Natueal Hazand Risk Assesument
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Large Hayward Fault Earthquakes
Presenter: Arthur Rodgers

Watch the October 24, 2018 SimCenter
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Natural Hazard Risk Assessment
Presenter: Alexandros Taflanidis
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SimCenter Research Tools
https://simcenter.designsafe-ci.org/research-tools

Software Source Codes and Contributions
https://github.com/NHERI-SimCenter
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