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SimCenter Role:

Provide tools to allow researchers / practitioners to
feasibly make use of simulated ground motions in
computational workflows

Feasible = Easy access to:
- simulated ground motion data
- simulation models
- HPC resources
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NSF NHERI — Large-scale Collaboration

< Experimental facilities (7), Cyber-infrastructure, Field Reconnaissance, and Simulation Software
< Current project period: 2014-2025; future initiative (2026-2035) under development
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Computational Modeling and Simulation Center

natural hazard events on structures, lifelines, and communities.

A
Y\ U
! L'}.J | Advance the Nation’s capability to simulate the impact of
A\

Create an open-source and extensible application framework,
integrate existing tools and data, and develop new software to
provide the next-generation of regional disaster simulation tools

Support researchers and practitioners with education and training,
and connect them with high-performance computing resources.
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Unifying Simulation Platform
Foster large-scale collaboration in the Disaster Science community

Facilitate transition from local to regional scale, multi-hazard studies

ﬂ [ Rock motion T
] W1, RES1
Approximate, GMM at surface ]
archetype buildings R N Building-level (Hazus)
. Local building = : L,
mvig;olry 7 — MDOF column — Component-level
IND2 Other T ETw (FEMA P-58)
RES3 — Capacity spectra —
- Site response at — j@Z@
RES1 SUCEE — Surrogate model — —

ASSET - EVENT # STRUCTURAL # DAMAGE &
INVENTORY INTENSITY BEHAVIOR LOSSES
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SimCenter Application Framework

Foster large-scale collaboration in the Disaster Science community
Facilitate transition from local to regional scale, multi-hazard studies

pre- post-
UNCERTAINTY QUANTIFICATION processor . processor

Open Source

MODEL ESTIMATE
DESCRIBE DESCRIBE ESTIMATE - SIMULATE

= ; , ASSETS DAMAGE
Multi Fldellty ASSETS HAzARD & EVENTS RESPONSE & LOSSES RECOVERY

Multi-Hazard

SUPPORTING DATABASES

external data

ASSET » EVENT - STRUCTURAL - DAMAGE &
INVENTORY INTENSITY BEHAVIOR LOSSES - RECONERY
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Framework for Multi-Disciplinary Collaboration

Hi-Fidelity
Urban Planning Simulations
and Growth

Multi-Hazard Component
Damage Models

Recovery

UNCERTAINTY QU; NTIFICATION

Modeling
POI ICy DESCRIBE DESCRIBE MoDEL ESTIMATE ESTIMATE ~ SIMULATE
H ASSETS HAZARD el RESPONSE LR RECOVERY

Interventions & EVENTS & LOSSES
p Socio-
. . SUPPORTING DATABASES Econom iC
Lifeline o
Implications

Infrastructure

Hazard Environmental and

Simulations Ecological Impacts
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SimCenter — Desktop Applications

SimCenter Framework E@ R2D . .
e oo | FCRRRERS Capora e Regional Risk

g

E & PBE Individual Asset

s scaeemgom— Damage and Loss

c

o —

§ OEE-UR || (=2 wE-Uo Qg Hydro-UQ Hazard-Specific

a uake ind loadin Tsunami and

£ exchation UG exciation UG storm surge event UG | Structural Response
g s

§ -

E

e

‘@' quoFEM

Quantified uncertainty
with optimization for the
finite element method

General-Purpose
UQ & Optimization

ASSET
GENERATOR

Earthquake Wind Tsunami/inundation
RESPONSE
HAZARD MODELING ¥ “ANALYSIS

Software Modules

| surr | eraws |
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Integration with Online Resources

. @ Internet SimCenter Apps
KEY: User
e ‘ S e e . User Downloads
DesignSafe B SimCenter App
B s [ e Euisthion e DESIGNSAFE WAV
User launches SimCenter App '
to set up simulation experiments
o, nop | | quoFEM | | & pBE| |HED R2D p
i Obtains
o data | | (D EE-UQ | | S2WE-UQ || TCaHydro-UQ | | Cloud Services
N [ | App R
Online Cloud SimCenter Apps run Workflows with default components OR
Resources provides User substitutes with alternative or custom software components Uploads & m A
data Modular software components Downl%aacti:
cLOUD uQ  MOD  HAZARD  ANA DL  REC
Small Simulation Computationally-
Jobs ~ . Intensive Jobs
Y X TACC
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52{3 Desktop Application for Earthquake Engineering (EE-UQ)

UNCERTAINTY QUANTIFICATION EE—UQ V3.2
O Integrates UQ applications of quoFEM, Earthquake Loading Applications, Building Model
' Generators with analysis application to determining response of building to earthquake loading

uUQ Problem Types:= Response.

Sampling Sensitivity Reliability

Surrogate Modeling (new features) Opensees
Multi-Model

Hazard (Earthquake): - —

Stochastic Motions
PEER NGA Search with target spectrum
Site Response with Random Fields

Modeling (Building):

OpenSees

Nonlinear Shear Spring (MDOF)

Steel Building Design & Build (AutoSDA)
Concrete Building Design & Build
Multi-Model Surrogate
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,';gg Desktop Application for Performance Assessment

UNCERTAINTY QUANTIFICATION P B E v3 ° 0

RESPONSE DAMAGE

L il Performance-Assessment of Buildings and Infrastructure Components
Multi-Hazard and Multi-Fidelity (PELICUN library of damage and loss models)

= - u] X

Damage & Loss (using PELICUN): o oon

Damage and Loss Assessment Pelicun -l

Building-level assessment (e.g., HAZUS)

Component-level assessment (e.g., FEMA P58) v [ ) —— J—
Gl 754, Bl 15000 3| ive Expert Tips - 2022 February/custom_fragility_DB.csv m
. . Occupancy Type  Commercial I Office ~|
Supports external response estimation o gt

Customizable damage & loss models e e NS EEIE
» = 461627 Assigned: B.20.22.031 ~|

Description: Midrise stick-built curtain wall, Config: Monolithic, Lamination: Not laminated, Glass Type: Annealed, Details: 1/4
in. (6 mm) AN monolithic; glass-frame clearance = 0.43 in. (11 mm); aspect ratio = 6:5 sealant = dry
None

Demand type:  Peak Interstory Drift Ratio

Block size: 30 SF

Additional info:  Directional |

[ Unit  Location(s) Direction(s) Quantity Blocks Distribution COV  Comment

- K2 1 1 5040 168 loanormal I ~| 03 Midrise stick-built curtain wall,

B 1 2 3360 112 loanormal ~ ~| 0.3

- ) 24 1 4680 156 loanormal I~ 03 A
- K2 2-4 2 3120 104 loanormal I -] 03 Midrise stick-built curtain wall,
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R2D
e

Desktop Application for Regional Simulation
R2D V2.1

LSRR e~ Create and run complex workflows for regional simulation of natural hazards to
facilitate research in disaster risk management and recovery.

Asset definition

csv files
GIS files

Hazard definition

Regional Site Response
User-supplied earthquake and hurricane grids
Raster-defined earthquake, hurricane, and

Earthquakes

tsunami intensity fields
Earthquake scenario simulation
Hurricane wind field simulation

Multiple Assets

Response, Damage and loss

FEM simulations of response
HAZUS and other fragility models
User-provided fragility functions

Buildings

£ SimCenter$®



R2D
e

Desktop Application for Regional Simulation
R2D V2.1

LSRR e~ Create and run complex workflows for regional simulation of natural hazards to
facilitate research in disaster risk management and recovery.

Asset definition

csv files
GIS files

Hazard definition

R2D: Regional Resilience Determination Tool =

Regional Site Response
User-supplied earthquake and hurricane grids
Raster-defined earthquake, hurricane, and

tsunami intensity fields
Earthquake scenario simulation
Hurricane wind field simulation

Response, Damage and loss

FEM simulations of response
HAZUS and other fragility models
User-provided fragility functions
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High-Res Inventories — Computer Vision — BRAILS

BRAILS: Building Recognition using Al at Large Scale

* Detect building features

* Library of Al models and approaches
o A - semantic segmentation

o e - classification (multi-class transformer)
/ RS o - object detection

Number of Floors

* Seeded with trained models for several common
building features.

* \Validated with field reconnaissance and ZTRAX

Fitin:
Occupancy Class Roof Shape
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R2D
e

Desktop Application for Regional Simulation
R2D V2.1

| YW, Create and run complex workflows for regional simulation of natural hazards to
facilitate research in disaster risk management and recovery.

LN ]

Asset definition

R2D: Regional Resilience Determination Tool

csv files (et = BN &
. WOV ABBED
GIS files 0o

' Favorites

" Spatial Bookmarks
(&) Home

7/ (Macintosh HD)

Hazard definition

[ /Volumes

@ GeoPackage

@ PostgreSQL

P MS SQL Server
> @ WMS/WMTS

Regional Site Response
User-supplied earthquake and hurricane grids

[ Buildings
¥ OpenStreetMap &

. . B Vector Tiles
Raster-defined earthquake, hurricane, and T
tsunami intensity fields @ Acdls ST ervers
Earthquake scenario simulation
Hurricane wind field simulation I
T
Response’ Damage and IOSS “ A Type to locate (3K) 10 3cale 13,448,663 3 .n;rr 100% )
GETlmmDenq LY “
FEM simulations of response ;3343 e remnc
HAZUS and other fragility models st g ot

imwzaa Done Loading Example.

User-provided fragility functions
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R2D - e . . .
ki Desktop Application for Regional Simulation

UNCERTAINTY QUANTIFICATION R2 D VZ (] 1

D o o> wossums  halves ake Create and run complex workflows for regional simulation of natural hazards to
facilitate research in disaster risk management and recovery.

R2D: Regional Resilience Determination Tool

ASSET

Disclaimer: The presented simulation results are not representative of any individual building’s response. To understand the response of any individual building, please consult

Regional Results Summary  With a professional structural engineer. The presented tool does not assert the known condition of the building. Just as it cannot be used to predict the negative outcome of an
individual building, prediction of safety or an undamaged state is not assured for an individual building. Any opinions, findings, and conclusions or recommendations expressed
in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.

Asset definition

csv files
GIS files

Regional Map B X Estimated Regional Totals a x
2 — —
o ; V2hs Casualties: 223 Fatalities: 0.06

Losses: 3.16e+06 Repair Time [days]: ~ 3.09e+03
uaorer Structural Losses: 3.13e+06 Non-structural Losses: 0
. o o Casualties. g X
Hazard definition

Regional Site Response
User-supplied earthquake and hurricane grids
Raster-defined earthquake, hurricane, and

170471

tsunami intensity fields T — =

Earthquake scenario simulation
Hurricane wind field simulation

Sorting Filter:  Asset ID
»

ﬂﬁ;“: 2 5.04e+04 29.7 0 0.0005 0.0973

g==ling)) , 3026403 312 0 00005 0105

Response, Damage and loss Sofl o s e o

FEM simulations of response , : ‘ ' T
Select a subset of buildings to display the results: e.g., 1, 3, 5-10, 12 Select
H AZUS and Other frag|||ty mOdE|S Export folder: C:/Users/zsarn/Desktop\Results.pdf
. .ope . Export to PDF

User-provided fragility functions I ST BT T
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= Proof of concept .
s Sl
= Benchmark & verify methods S %ot %\ i
e o e |

SF Bay Area — EQ Scenario

" Engage researchers and users
= |dentify gaps & opportunities x
- EStablISh data Standards | -Atl-antic -City;_l;l-l-J_rr_ic_:éne Scenario Lake Ch;rles.—l Hurricane Hindéést
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San Francisco Bay Area M7.0 Earthquake Testbed

10.0%

* M7.0 earthquake in the SF Bay Area
Hayward fault — physics—based simulation (LLNL-SW4)

* High-resolution building inventory
1.84 million buildings with footprint & main features

Mean Loss Ratio

* Building-specific structural analyses
OpenSees idealized MDOF response models

Hazus earthquake damage and loss models s oo

* Uncertainty Quantification
uncertainty in buildings, damage, and losses

25 realizations capture possible outcomes
2.5%

* High-Performance Computing
DesignSafe HPC (Stampede2 at TACC)
embarrassingly parallel: 2 hr runtime using 10K cores

0.5%
Ll 0.1%

$ SimCentery®




San Francisco Bay Area M7.0 Earthquake Testbed

High Resolution Modeling: Parcel-level resolution enables unprecedented
qguantification of engineered interventions for policy level decisions

10.0%

Mean Loss Ratio

ke
(=)
X

2.5%

0.5%

SimCenter Simulation USGS HAZUS (2018) 05%
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R2D
e

Option 1: User-specified ground motions
Users prepare an Event Grid file to define site locations and a group of Site Record files, which contains the
Intensity Measures or Time History record at the sites.

Earthquake hazard definition options in R2D

© © EventGrid.csv ]

LN ] . GP_file Longitude Latitude
< records B
R2D: Regional Resilience Determination Tool | slte_2716.csv -149.892  61.219

Open with Visual Studio Code

Favorites Name ~ | Date Modified Size Kindl| site 2738.csv  -148.885 63.389
. AirDrop | —
e cron User Specified Ground Motions -/ EventGrid.csv , 2023 at 2:49 PM 386bytes coml  gire 80l6.csv -149.864  61.192
Recents | site_2716.esv Oct 18, 2023 at 2:49 PM 17 bytes  comi
Applicati | site_2716.jsoi Oct 18, 2023 at 2:49 PM 481kB Jsoj  Site_802l.csv -149.91  61.113 Ve nt G rid fi I e
Event File Listing Motions Debug/R2D.app/C: site_2738.csv Oct 18, 2023 at 2:49 PM 17 bytes comi E
S ingthen : ! site_8027.csv -149.889  61.161
Fokder Containing Metions [d/buid-R2D- ' . | site_2738json Oct 18, 2023 at 2:49 PM 2m8 Jsol
Units of Event Input File Desktop . site_80716.csv ct 18, 2023 at 2:49 PM 17 bytes com| slte_8030.csv  -149.806 61.179
TH_fle  wetersper secons sauared Bt o site_B016,js0n e 27MBJSOL e g036.csv -149.966  61.178
| site_B021.esv 2023 at 2:49 PM 17 bytes comi
Creative... | site_B021json Oct 18,8023 at 2:49 PM 2MB SOl site_8037.csv -149.985 61.156
| site_B027.csv Oct 18, 2003 at 2:49 PM 17 bytes com|
D || site_8027.json Oct 18, t 2:49 PM ams Jggll | Ste-8038.cav | -149.833 | 61.218
Locations .| site_8030.csv Oct 18, 2023 a 17 bytes coml e Bl L S
OneDrive | site_8030.json Oct 18, 2023 at 2: 1.9MB JSOI o a si‘le_ZﬂB.jsun Iﬁ Open with Visual Studio Code
| site_B036.csv Oct 18, 2023 at 2:49) 17 bytes ca
Box || site_B036.json Oct 18, 2023 at 2:49 P| 2MB  JsSOl
| site_8037.csv Oct 18, 2023 at 2:49 PM 17 bytes ol "name": "2716",
i || site_B037json Oct 18, 2023 at 2:49 PM 2MB  JSOI
Red
qe B wacintosh HD > @8 Users > @ jinyanz » [@ Desktop> [ SimCen Wil R2DExa »
—B.812782,
| —B.818933,
—0.824339,
—3.819844999999999998,
—B.8866695,
8.8071368,
8.0224439,
8.827128, S R d fl
: 8.819879, |te ecor e
e ] e 38070347,
oo -0.onéc1,
13:59:11 - Loading visualization for 4095 assets 4'55 872?:
13:59:12 - Done loading assets .
13:59:12 - Atotal of 5 buildings are selected for analysis -i.87488800000000001,
13:59:12 - Done Loading File —8.876453,
— — —.862114,
—B.855663
-0.864998,
—A.868393

SimCenter¥Vs
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R2D
e

Option 1: User-specified ground motions (cont'd)
R2D has a regional ground motion simulation tool to predict ground motion maps from earthquake rupture
forecasts, ground motion prediction equations, and spatial correlation models.

Earthquake hazard definition options in R2D

[CLIOEM Scenario Selection | Ground Motion Models | Record Selection

Ground Motion Prediction Equation

Type:  Chiou & Youngs (2014)

Spatial Correlation

RN
H
i
g
z
g
g
®
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R2D
e

Option 2: Import from ShakeMap Scenario
Users prepare a ShakeMap Grid (.xml) file that defines a grid and the intensity measures at each grid point.

LK )
R2D: Regional Resilience Determination Tool Login |
e etection Shakelap Earthauake Scenario ] A
- 1 Gl
e pec Listof Imported ShakeMaps
= = e
E | =
T~ =
and cicking ‘Load'again. . = Y)
The s of leaded ShakeNiaps wil ppear o th ight ® 0 ® gridxml D Bs . X \_‘ 9 ¥ »

PGA
Select the type of Intensity Measure (M): | — pgy

T weosese ] oo |
(]}

14713:4% - Loading PGA Contour Layer
14:13:4% - Loading Grid La

14:13:44 - ShakeMap SanAndreasM?. 8 loading complete.
1413:44 - Done Loading File

1451544 - Dong Loading Example

=

Program Output

SimCenter¥Vs

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>

Eshakemap_grid xmlns:xsi="http://www.w3.0rg/2001/XMLSchema—instance" xmlns="http2
s://earthguake.usgs. guv/eq(enterfshakemap xsi:schemalocation="http://earthquake.
susgs.gov http://earthquake.usgs. gauleqcenten‘shakemap/xmL.’s(hemas/shakemap xsd" @
Gevent_id="npsanandreassansapsasm/p8_se" shakemap_id="npsanandreassansapsasm/p8_s@
ge" shakemap_version="2" code_versiol 3.5.1543" process_timestamp="2016-86-22T152
€:30:152" shakemap_originator="us" map_status="RELEASED" shakemap_event_type="SCE@
GNARTO0">

Add a basemap:
OpenStreetViap

SanAndreasM7.8

/" PGA Contours

,sssss

—75
—15
— 25
— 30
—a75
— a5

Grid ©

' @ Buildings
© I opensueetmap 5

Earthquake hazard definition options in R2D

R2D: Regional Resilience Determination Tool

D

)
QY ™®O
Favorites
* Spatial Bookmarks
@ Home
1/ (Macintosh HD)
£ Volumes
@ GeoPackage
@ PostgresQl
» MS SQL Server
® WMS/WMTS
 Vector Tiles
# XYZ Tiles
@ wes
@ ArcGIS REST Servers

Browser

B Q& s
BV ZREBW

Oe sl npp

B -

<event event_id

"npsanandreassansapsasm7p8_se" magnitude="7.8" deptl

%39.156800"
sork="nc"

1ol 123.830000°

event_timestamp="2013-10-10T12:00:00UTC"

9.8" lat="@
event_netwi

event_description="N. 5an Andreas; North Coast + Peninsula + Santa Cruz@

€ Mountain" />
<grid_specification lon_min=

€6667" nlon="421" nlat="281"
<event_specific_uncertainty
<event_specific_uncertainty

" value='

. 00a000"
. 000000"

*-127.330000" lat_min="35.823465" lon_max="-120.33002
i 0.016667" nominal_lat_spacing="0.01®

o |
®
3
g

<event_specific_uncertainty name="mi" value="-1.800000" numsta="0" /> Q Typetolocate (3K) T G ) Y T R %)
cevent_specific uncertainty neme-Tpsad3’ value=0. 0000087 numst BT BT I
<event_specific_uncertainty " value="0.000000" numst;

<event, speufu.' uncertainty va lu 0.000000" numst, Program Output.

<grid_field dd" /> Jontour Layer

<grid_field i dd" /> B .

<grid_field i pctg" /> Jnreasiy.8 oading complete

<grid_field i Exampie. ’

<grid_field i
<grid_field i
<grid_field i
<grid_field i
<grid_data>

=127.3300 40.4901 0.33 1.99
-127.3133 40.4901 0.33 2 2.
-127.2967 40.4901 0.34 2.01
~127.2800 40.4901 0.34 2.03
-127.2633 40.4901 0.35 2.04
-127.2467 40.4901 0.35 2.85
-127.2300 40.4901 0.36 2.06
-127.2133 40. 4901 0.37 2.08
Uz——  grid.xm Top L2 Git-master (nmL Valid)

<nil> <mou: se-1> 1

-

s undefined




R2D
e

Option 3: Regional Site Response
Users provide ground motion records at the bedrock level and compute the ground surface response with
one-dimensional response analyses using OpenSees.

Earthquake hazard definition options in R2D

R2D: Regional Resilience Determination Tool

Hazard Selection gl site Response

vvvvvvvv

nnnnnnnnnnnnnnnnnnnnnnnnnn O scattering Locations pe: | CGS/Wills (Wi ) (<]
(o0 mossisemodsacsy (TN
Rock outcrop motion

Siesto Analvze 0- == Bedrock a ided by users)

0 -122.3283 37784 2256 2214896 3 Layer 1
Soil Model Layer 2
Modeling Scrij ipt
Input Moti

Layer 3
rent File

Compliant Rock

T rnacpessat et rom esnset e

Prograr
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R2D
e

Application 1: Building safety assessment
Building level performance assessment using Intensity Measures or story level performance assessment using
multi-degree of freedom OpenSees models and ground motion Time History records.

@ Ho

: x%‘ | 4,:% Sorting Filter:  AIM_id

W2
ms 001 ° = = RN
0.02 0
0.02 0
0.02 [
< Obtain > ]
’ 0 the EDP Repair costofthe PG
o ]
3

Application of the ground motions

R2D: Regional Resilience Determination Tool Login|

Regional Results Summary

(1]
= Most Likely €

|
[T Results
*+ Ground Moti¢ <
@ Buildings
¥ OpenStreet| -

0.02 0 Input Randomly
determines
0.03 0
Fragility curves Consequence Functions
0.03 0
0.02 0
— = Bk~
" Randomly o]
e ] e ] " fr AR wa |2] Y
T e 2 g Damage State
o 4 [ —Dst (DS)
al [ | e DS2
-4 — - DS3
' i
y EDP Quantity
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R2D
e

Application 2: Transportation infrastructure safety assessment
High-level performance assessment using ground motion Intensity Measures and FEMA’s Hazus fragility
curves for highway bridges, tunnels, and roadways.

Application of the ground motions

oo
R2D: Regional Resilience Determination Tool 1.00 .
- Slight I L
N Disciamer: The pesented simuaton resus are response.To understand any Individual bullding, please consult with a professional structural ]
Regional Results Summary  engner e resetad (ol Goes ot asert e Kiown conon o wumnq Just 23 1 cannot De used to precct the negative outcome af an indvidual buiding,predicton of safey or an undamaged state s | Moder — 1)
uilding. Any opinions, indi this material are those of the autnor(s) and do not necessariy reflect the views of the National —_— ====Maderate - ————
Seiance Foundation a L -
075 e itomoletel e
Buidings -4 = = Extensive/Complete| - -
— - L
00 Regional Map (o) Roadvay o i o
- e 3 5 - -
@ Most Likely Critical Dam B \% Sorting Fiter: _ A1 A V. L
& Results b & 050 3 r &
. . = oot = & -
+ Ground Motion Grid o -—_I = L
@ Tunnel 305 0 o o = o~ -
= - -
o Selected Tunnel & 06 3 0 0 2 Py -
v Tunnelgeojson 2 nas 2 -
3017 3 o o o 0.25 rd -
@ Roadway a e e
Selected Roadway 020 0 o o i L
— Roadway.geojson 3021 0 0 0 - d -
; & e -
@ Bridge 3022 0 0 0 000 -l e -
@ - Selected Bridge
- N N 9 3023 0 o o 0.0 6.0 1.0 180 24.0 30.0 36.0 420 48.0
© Bridge.geojson
& Buildings 2024 0 o o Permanent Ground Deformation (inches)
¥ Open Street Map W s05 o0 o o
——
\ \
| — \ : Bridge Tunnel
R ST ]
006 T e
| 15:38:03 - Importing results |
| 15:38:04 - Analysis complete '

@ SimCenter$®




R2D
e

Application 3: Water pipeline infrastructure safety assessment

High-level performance assessment using ground motion Intensity Measures and FEMA’s Hazus fragility
curves for water pipeline, pumps and tanks.

Application of the ground motions

eoe 10
R2D: Regional Resilience Determination Tool L LA
—_ 1
DEEHBEHOSLAPLHPPP ALl ELONOR M »:@» s /-/'
BV Z2wBRA Y /B x24T cE B M W f . =
©  rowser ... i ) ¥ : = . *
Jey®e ' = L 2
— Seaside_water_pif . __ . |
Favorites = geer]
o " 00 =
Woter Netuerk Nodes " Spatial Bookmarks = /’ *
© Selected Wate (e B L1
+ Seaside_water_ne | @ Home = 2 |
- i &
i Buildings [/ (Macintosh HD) = 0001 =
I Open StreetMap & (7 /Volumes
@ GeoPackage
@ PostgresQL 0.0001
P MS SQL Server ’
@ WMS/WMTS 1 10 100
i Vector Tiles Peak Ground Velocity (cm/sec)
£ XYZ Tiles
© WCs
@ ArcGIS REST Servers 16
# GeoNode
=12
E
-
=
=
g " Honegger & Eguchi (1992)
L . = s ) —
2 Type to locate (3K) 1 lgend entries removed.  Scale 150,063 9 & Magnifier 2| Rotation 0.0° C| @cpsciassr || @ ;-‘ " niBs
™
e e et [ i
'
e Program Outy =
15:42:48 - Loadir tion for 532 assets
15:42:48 -
15:42:48 - ipelines are selected for analysis
15:42:48 - Loading Ra: azard Layel
1547145 - Done Loading File ] ’
0 20 10 60 80 100
Permanent Ground Deformation (inches)
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Interdependency - Alameda Case Study
High-Fidelity Building Inventory

--«
Publicly available datasets 4—»%
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Modeling Functional Recovery

UNCERTAINTY QUANTIFICATION @, i
nler

mCenterys¥

Center for Computational Modeling and Simulation
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* Recognize and leverage synergies in future development

* Open-source code supports both research and practice

& SimCenter$s



GOAL: D/L+R+UQ+Interdependencies

® Tool to allocate resources post-event based on both certain and
uncertain data and uncertainty in other parameters (i.e. known
pipe/valve break) + OTHER INFRASTRUCTURE DAMAGE DATA
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iRe-CoDeS computational workflow: physics-based and modular

Community properties
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Blagojevi¢, Kipfer, Didier, Stojadinovi¢ (2020) Probability-based Resilience Assessment of Communities with Interdependent Civil Infrastructure Systems. Proceeding of the 17" World Conference on Earthquake
Engineering. Sendai, Japan.

Blagojevi¢, Kipfer, Didier, Stojadinovié (2020) Scenario-based Resilience Assessment of Communities with Interdependent Civil Infrastructure Systems. Proceeding of the 17" World Conference on Earthquake
Engineering. Sendai, Japan.
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iRe-CoDeS computational workflow: physics-based and modular

Community properties

Soil type, terrain elevation, fragil Exposlure bil Repair time, impeding factors, c . i |
fault location, etc. ragf| |ty{vu neri Hlity recovery resource supply, etc. ommunity resilience goals
unctions, etc. —

I Resilience quantification I
nodule T Recovery module ) module I

[ I
. ss model I

10000 - rator

....... |
8000
Min =0.172g .
= .. Mo H
E 6000} E
= 8000 H
S z
2 F
= SN PP :
& 4000} H
g oo oo :
@
= -:Ej '
....... : =
.............. ¥s) & ® —
PN
0 0.5 1“1 18 2 Figure 8.1: Restoration Curves for Water Treatment Plants (after ATC-13, 1985).
=t 2 1 6
Time Step

—_—— — — -

pyrecodes is an open-source framework for regional disaster recovery simulation and
disaster resilience assessment of interdependent systems.
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Component interdependencies simulated as a flow of
resources and services

= [
[
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IEY

@

Electric Power )

Resource distribution
models

Blagojevi¢, Hefti, Henken, Didier, Stojadinovi¢ (2022) Quantifying Disaster Resilience of a Community with Interdependent Civil Infrastructure Systems. Structure and Infrastructure Engineering.
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Regional Resilience: integration and future development

» Horizontal igtegration
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Two Potential Workflows to integrate Simulated
Ground Motions

=1D Site Response
*Domain Reduction Method (DRM)
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Current R2D Worflow to include Site Response effects

= Coupling GMS, building inventory and damage and loss assessment

= Modular approach with flexible soil and structural model definition
= Conducting Risk Assessment in Research Area

e Workflow using 1D SiteResponse ~N

Earthquake ground motions 1D Soil layer simplification and building Risk Assessment(R2D)
analysis

Surface__motion intensity
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Proposed R2D Workflow to include SiteResponse effects

® Transition to Cutting-Edge Simulations that includes DRM and PML
= Exploring Source Rupture Modeling and Uncertainty
= Conducting Risk Assessment in Research Area

e Workflow using DRM and PML

Source Modeling State-of-the-Art Finite Element Model

Risk Assessment(R2D)

Structure a'

.
. =
Sesieee ,gg‘,o"e
SRS
e et et et
<

z (depth)
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Use Cases for Simulated Ground Motions

1. Regional impact of earthquakes

= Broader Goal: Information for decision-
making related to public policy,
infrastructure operation and
preparedness, retrofit mandates, urban
planning

= Simulation Goal: Regional risk,
evacuation, recovery/resilience

= Ground motions requirements:

= |s spatially distributed mean response
(PGA, PGV, PGD) enough?

= How many simulated ground motion
realizations?

= Soil modeling requirements:

= 1D Site Response good enough? ... or just a
useful first step?

2.

Detailed earthquake response of
specific structures

= Broader Goal: Detailed seismic design or
retrofit

= Simulation Goal: Detailed asset
performance quantification
= Ground motions requirements:

= Detailed time history with high spatial
resolution at varying depth?

= How many simulated ground motion
realizations?

= Soil modeling requirements:
= Domain Reduction Method?

& SimCenter¥®



SimCenter Portal
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REGIONAL RESILIENCE DETERMINATION (R2D) TOOL (LATEST VERSION 1.0)

Upcoming Events

+ SimCenter Training for Regional Simulations - Registration Opef
o May 21, 2021, 10:00 AM - 12:00 PM (Pacific)

The Regional Resilience Determination Tool (R2D) is a graphical user interfacs for the SimCenter application framewark

+ SimCanter Development Team Office Hours

e S o B 108 oM pacidl designed to simulate the egional impact of natural hazards. R2D advances the capabiles of the natural hazards [ € © ' & - * * 0
anginering community by failtating the high-resolution assessment of isastor mpact and risk on a 100ional S0l - s, @ newtss [ Gerlecltndr [ Coled -Gy Googe Sl § COVD-19Rsoch. G Gooole [ ASC s Commi @ Wi @ Suford b Temblr oty NGl
Researchers can investigate isaster scanarios or perform a probabiistc assessment by considering a dverse sef
plausible events and propagats the uncartainy i the hazard and the characteristcs of the bult environment throud .
simulations. The user interface of the R2D Tool faciltates importing and querying input data that describes the regi] & SiMCenter¥y # »2.User Guide View page source
hazard and the buit envionment and helps researchers it setting up and running the simulations sther on ther
computer or atthe HPC clusters available at DesignSafe. Once the simulations are compieted, the main resuls a Regional Resilience
visualzed inthe fool and dtailed results are also avalable for post processing. i

Determination Tool 2. User Guide
Several examples are provided to demonstrate the appiicatin's versatiity when it comes to assembling simulation
The R2D app, as will e discussed i Sof is that d runs them n )

workflows of various levels of complexity:
multiple different backend applications. Once the R2D app is started, the user is presented with the user interface shown in Fig. 2.5. It i in this Ul where the user selects the

applications to run in a workflow, inputs the necessary parameters for each of these applications, starts the workflow either locally or remotely, and finally views the simulation results.
the Ul

E1 - Basic HAZUS
E2 - MDOF Building Response

£3 - Physics-based Ground Motions
£4 - OpenSeesPy FEM

E5 - Ground Shaking + Liquefaction

Login
M A
[ essage Area | Button

See the Tool's Documentation for details on these examples,

The current version allows users to investigate the performance of the buiidings in the region when subjected to
sarthquake events. The application s being expanded to allow researchers to investigate the effects of a hurrica
event, and future versions will incorporate lifelines and respond to users' feature requests. Interested beta testers.
contact NHERI-SimCenter@berkeley.d. Ao

Input
Panel

2. User Guide
21,z Viswlzaton
22 Gt Genera Infornation
23 HAZ: Hazards

2.4, ASD: Asset Defnition
25, HTA: Hazard to Asset
2.6, MOD: Asset Modeling

27, ANA: Asset Analysis

28, DL:Damage and Loss.

29.UQ: Uncertainty Quantification
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SimCenter Role:

Provide tools to allow researchers / practitioners to
feasibly make use of simulated ground motions in
computational workflows

Feasible = Easy access to:
- simulated ground motion data
- simulation models
- HPC resources
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