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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.

N
Y\
! L‘;.s | Advance the Nation’s capability to simulate the impact of
Vv

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.

@ SimCenterV
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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 B Rock motion ]
W1, RES1

Approxim?tg, GMM at surface ]
archetype buildings S R Building-level (Hazus)
Local building =) N o —>
lnvigmry _ — MDOF column — Component-level
INDZ Other 102 110—;;eri°dlls<;° 10 (FE MA P'58)
RES3 — Capacity spectra —
| Siteresponseat = — fﬁ
RES1 surface —  Surrogate model @ — L

ASSET # EVENT - STRUCTURAL ‘ DAMAGE &
INVENTORY INTENSITY BEHAVIOR LOSSES
& Q3 NHERI
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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

MoODEL ESTIMATE
DESCRIBE DESCRIBE ESTIMATE - SIMULATE

Multi-Fidelit ASSETS DAMAGE
y ASSETS HAZARD & EVENTS RESPONSE 2 Losses RECOVERY

Multi-Hazard

SUPPORTING DATABASES

external data

ASSET - EVENT - STRUCTURAL - DAMAGE & » RECOVERY
INVENTORY INTENSITY BEHAVIOR LOSSES

& SimCenter¥® 7




Framework for Multi-Disciplinary Collaboration

Hi-Fidelity
Urban Planning Simulations
and Growth

Multi-Hazard Component
Damage Models

Recovery

UNCERTAINTY QU: NTIFICATION

Modeling
Pol |Cy DESCRIBE DESCRIBE MopEL ESTIMATE ESTIMATE ¢ uLATE
H HAZARD ASSETS RESPONSE DAMAGE RECOVERY

Interventions ASSEIS & EVENTS & LOSSES
Socio-
o SUPPORTING DATABASES Economic
Lifeline .
Implications

Infrastructure

Hazard Environmental and

Simulations Ecological Impacts
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SimCenter — Desktop Applications

SimCenter Framework

cev [ on | Companet

E@ R2D

Regional resilience
determination tool

VY

PBE

Performance based
engineering computations

= WE-UQ
Wind loading
excitation UQ

(a . Hydro-UQ
Tsunami and
storm surge event UQ

(YEEUQ
Earthquake
excitation UQ

quoFEM
Quantified uncertainty
with optimization for the
finite element method

How components combine to form apps

Earthquake Wind Tsunami/lnundation

HAZARD

RESPONSE
ANALYSIS

MODELING

NHERI
VAY

$ SimCenter

Regional Risk

Individual Asset
Damage and Loss

Hazard-Specific
Structural Response

General-Purpose
UQ & Optimization

ASSET

= Software Modules

| surr |—-| BRAILS |




Integration with Online Resources

. User Downloads
SimCenter App
m — DESIGNSAFE WAV

User launches SimCenter App l
to set up simulation experiments

Internet SimCenter Apps
KEY: o User Q
a

Service and Components

s =
infrastructure @ HPC Database

nop | |9 quorEM | | & PBE| |HE) R2D

= Obtains —5 TACC

i == data | | (D EE-UQ | | =2WE-UQ || TCaHydro-UQ | | Cloud Services

R | — —

Online Cloud SimCenter Apps run Workflows with default components OR App
Resources provides User substitutes with alternative or custom software components Uploads & Igh%v

data Modular software components DOwnk[JDaac:: epC
CLOUD UQ  MOD HAZARD  ANA DL  REC
Small Simulation Computationally-
Jobs .  Intensive Jobs

TACC

N
- Cloud Services
- S
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52{37 Desktop Application for Earthquake Engineering (EE-UQ)

xcERTANTY QuANTIICATION EE-UQ V3.2
IR Integrates UQ applications of quoFEM, Earthquake Loading Applications, Building Model
Generators with analysis application to determining response of building to earthquake loading

UQ Problem Types:= Response.

Sampling Sensitivity Reliability

Surrogate Modeling (new features) OperTSees
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

© SimCenter¥¥




;:; Desktop Application for Performance Assessment

UNCERTAINTY QUANTIFICATION P B E v3 ° 0

RESPONSE DAMAGE

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

dit View Help Examples
s nainerin Al S

Damage and Loss Assessment Pelicun |

Damage & Loss (using PELICUN):

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

Asset Demands Damage Losses

General Information Databases
Component-level assessment (e.g., FEMA P58) D | s BT comton
947549 Plan Area 15000 5 Live Expert Tips - 2022 Februaryjcustom_fragiity_DB.cov [ 0]
. . Occupancy Type ~ Commercial | Office. ~|
Su pports externa | response estimation A
ras R
Customizable damage & loss models g wanene:  swoancor ) I TI
H
£ 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 = 043 in. (11 mm); aspect ratio = 6:5 sealant = dry.
18665 None
Demand type:  Peak Interstory Drift Ratio
Block size: 30sF
Additional info:  Directional
24296 Unit  Location(s) Direction(s) ~Quantity Blocks Distribution COV  Comment
o 2 1 1 5040 168 lognormal I~ 03
Bl e 1 2 3360 112 loanormal I - 03
e [T eped o 24 1 4680 156 loanormal |~ 03
o a0 O 24 2 3120 104 lognormal I ~| 03

& SimCenter¥®
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Desktop Application for Regional Simulation
R2D V2.1

NSRS e, . Create and run complex workflows for regional simulation of natural hazards to
DESCRIPTION
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

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 Buildings Lifelines

$ SimCenter$®
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Desktop Application for Regional Simulation
R2D V2.1

NSRS e, . Create and run complex workflows for regional simulation of natural hazards to
DESCRIPTION
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

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

£ SimCenter§®




High-Res Inventories — Computer Vision — BRAILS

BRAILS: Building Recognition using Al at Large Scale
* Detect building features

* Library of Al models and approaches
- semantic segmentation
- classification (multi-class transformer)
- object detection

* Seeded with trained models for several common
building features.

* Validated with field reconnaissance and ZTRAX

Occupancy Class Roof Shape

S SimCenterV
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Desktop Application for Regional Simulation
R2D V2.1

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

Asset definition

R2D: Regional Resilience Determination Tool Login |

L *3"}@}9;1¢¢¢53qu » i > ie »
EQQV’&K;%%?%, B fR-H W ‘éDDw»z e

csv files

GIS files

Favorites
[I* Spatial Bookmarks
[ Home
7 / (Macintosh HD)

Hazard definition

[ /Volumes

@ GeoPackage
@ PostgresQL
» MS SQL Server

Regional Site Response
User-supplied earthquake and hurricane grids

@ Buildings

¥ Open Street Map & ) @ WMS/WMTS

Raster-defined earthquake, hurricane, and ::xzn”
tsunami intensity fields BseCE pein s
Earthquake scenario simulation
Hurricane wind field simulation P i
——
Response’ Damage and IOSS “ | Q Typetolocate (38K) | 1k 3cale 13,448,663 3 \ﬁ Jagnifie: 100% || Rotatior 0.0° |C| @ EPsc:i3857 J
R TR "
(x]-) Program Output

\141343 Load gPGAC niou ur Layer |

FEM simulations of response
HAZUS and other fragility models ‘3333‘3‘3 e |
User-provided fragility functions

@ SimCenter$¥
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Ao/ 4

Desktop Application for Regional Simulation
R2D V2.1

T am  woone | AYSS oL 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 Login|

Asset definition

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.

csv files

& X  Estimated Regional Totals g x
GIS f‘I s Casualties: 2.23 Fatalities: 0.06
Hnes 4 3 Losses: 3.16e+06 Repair Time [days]:  3.09¢+03
{ soten N Structural Losses: 3.13+06 Non-structural Losses: 0
g 225
2 Casualties 8 x

Hazard definition

Regional Site Response

User-supplied earthquake and hurricane grids
Raster-defined earthquake, hurricane, and
tsunami intensity fields

Earthquake scenario simulation

Hurricane wind field simulation

Level 3 Level 4

Cosuallies  Economic Losses  Relative Freq. Losses
Detailed Results & x

38
Sorting Filter:  Asset ID

o T~ S = = 1 3.35e+03 26.8 0 0.0005 0.0864
2 T - L= Sl mﬁ 2 504e+04 297 0 0.0005 00973
; o / gy 5 3.02e+03 312 0 0.0005 0.105
Response, Damage and loss - EOeG ol .
. . LY e k- - iy : 5 274e+04 297 0 00005 01 |,
FEM simulations of response P, ‘
Select a subset of buildings to display the results: .q., 1, 3, 5-10, 12
HAZUS and other fra g|||ty models Export folder: CifUsers/zsarm/Deskiop\Result.pdf

Export to PDF

User-provided fragility functions

@ SimCenter$¥




SimCenter — Regional Testbeds
R ' |

= Proof of concept

=" Benchmark & verify methods

" Engage researchers and users

= |dentify gaps & opportunities

= Establish data standards

Atlantic City — Hurricane Scenario Lake Charles — Hurricane Hindcast

& SimCenter$¥



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 <o

* Uncertainty Quantification
uncertainty in buildings, damage, and losses

25 realizations capture possible outcomes
2.5%

* High-Performance Computing S - R
DesignSafe HPC (Stampede2 at TACC) | ‘ NE

embarrassingly parallel: 2 hr runtime using 10K cores
0.5%

el 0.1%

& SimCenter$¥




San Francisco Bay Area M7.0 Earthquake Testbed

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

10.0%

Mean Loss Ratio

w
o
B3

2.5%

0.5%
0.1%

& SimCenter$¥
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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 M  Open with Visual Studio Code
eoe . GP_file Longitude Latitude
) @ ¢ < records = =
R2D: Regional Resilience D R tion T o0l J- site_2716.csv  -149.892 61.219
Favorites Name ~ | Date Modified Size Kind site_2738.csv -148.885 63.389
" AirDrop
Hazard Selection s S Geoind Mot o _ EventGrid.csv 78, 2023 at 2:49 PM 386bytes coml  site_8016.csv -149.864  61.192
Re | site_2716.csv Oct 18, 2023 at 2:49 PM 17 bytes comi
- - Applicati _ site_2716,jso Oct 18, 2023 at 2:49 PM 481k Jsoj | Site_802L.csv | -149.91 | 61.113 Event G rid file
B bug/f | site_2738.csv Oct 18, 2023 at 2:49 PM 17bytes coml  gre 8027.csv -149.889  61.161
Documents ; ) ) _8027. . :
Folder Containing Motions _[d/build-R2D- i C onts _ site_2738.json Oct 18, 2023 at 2:49 PM 2MB  JSOl
Units of Event Input File _ site_8016.csv ct 18, 2023 at 2:49 PM 17bytes comi  Slte_8030.csv -149.806 61.179
el et v g site_8016.json , 2023 at 2:49 PM 2.7MB JSOI site_8036.csv  -149.966 61.178
i elers per sacond squar - _ site_8021.csv 2023 at 2:49 PM 17 bytes comi - :
_ site_8021json 023 at 2:49 PM 2MB JSOl  site_8037.csv -149.985 61.156
_ site_8027.csv Oct 18, at 2:49 PM 17 bytes comi 5
iCourt |'| site_8027.json Oct 18, t 2:49 PM 2MB  JSOI ste_B038.cov [5149:803 Lo 218
| site_8030.csv Oct 18, :49 PM 17 bytes comi,  clen 9A4A ~eu | _140 063 | &1 31E
site_8030 json Oct. 18, 2023 at 2: ToMe SOl e @ site_2716.son ()  Open with Visual Studio Code
site_8036.csv Oct 18, 2023 at 2:49) 17 bytes comi
Box site_8036.json Oct 18, 2023 at 2:49 P 2mMB  JSOI {
| site_8037.csv Oct 18, 2023 at 2:49 PM 17 bytes col ::3_?:&"6 ;%;16", \
Tags | site_8037json Oct 18, 2023 at 2:49 PM 2MB JSOI "daté x-" ’
Red 3 8.00062005,
as B Macintosh HD > @ Users > [ jinyanz! > [ Desktop> @ SimCer @8 R2DExz > [l g-%ggg‘g,
— e . ,
—-0.08834336,
-8.012782,
-0.018999,
-8.024339,
-8.019844999999999998,
.0066695,
9.0071368,
0.0822449,
0.027128 S d f |
. 9.019879, ite Recor S
TR T 8. 0070247,
(x]-) Program Output -0.013061,
13:59:11 - Loading visualization for 4095 assets —9.858727 .
13:59:12 - Done loading assets ¥ 2
13:59:12 - A total of 5 buildings are selected for analysis -8.87488800000000001,
13:59:12 - Done Loading File ' _-3'%2112'
. ’
-8.855663,
-8.064998,
-8.068393

’
n aceaTa
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R2D Earthquake hazard definition options in R2D

Ao/ A\ 4

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.

ece o0 e
| Motion M | | Earth re cord Selection
Earthquake Rupture ) Intensity Measure
Type:  Spectral Accelerations (SA) @ Periods: 0.01,0.02,0.05,0.1,0.2,0.5,1.0,2.0,3.0,4.0,5.0,7.5,10.0
penSHA o
Ground Motion Prediction Equation
pe: Youngs (2014)

v Earthquake Ruptures
¥ Open Street Map

$ SimCentery®




R2D
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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.

Earthquake hazard definition options in R2D

LK )
- flooin | R2D: Regional Resilience Determination Tool Login |
Add abasemap: = :
. . = o LOLELBLE FlerelPPR Aa R »iK»i0>
tazard Selection e e Openstreetvap
1 Earthauake Scenario S e -
SanAndreash7.8 %@Vﬁﬁ&@ A /B 5 kB0 e B B> >
T Gl /" PGA Contours [<]5) Browser &
pisce peci Listof Imported Shakemaps —s oevso
ol rowse Jl Load HAZ =5 Favorites
—225 " Spatial Bookmarks
gy fle. | | - =is0 @ Home
Ciick Load" iy ining a Sh —as 7 / (Macintosh HD)
and cicking ‘Load'again. . = Y = e -
e @0 @ gridxml D@ xE 9 ¥ » = - [volumes
von @ GeoPackage
+ Grid ®
Select thetype of Intensty Measure (M): |~ py <?xnl version="1.0" encoding="UTF-8" standalone="yes"?> @ PostgreSQL

0 8 o suidings

» MS SQL Server
@ ¥ OpenStreetMap &

Bshakemap_grid xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xmlns="http2

& ://earthquake.usgs.gov/eqcenter/shakemap" xsi:schemalLocation="http://earthquake.2 > @ WMS/WMTS
€usgs.gov http://earthquake.usgs. gov/eqcenter/ xml/schemas, xsd" 2 i Vector Tiles
Gevent_id=' p8_se" d=" 7p8_s@ i XYZ Tiles

€e" shakemap_version="2" code_version="3.5.1543" process timestamp="2016-06-22T152 @ WCS

€:30:15Z" shakemap_originator="us" map_status="RELEASED" shakemap_event_type="SCE2 @ ArcGIS REST Servers

SNARIO">
<event event_id="npsanandreassansapsasm7p8_se" magnitude="7.8" depth="9.8" lat="@2

€39.156800" 1o 123.830000" event_timestamp="2013-10-10T12:00:00UTC" event_netw@

sork="nc" event_description="N. San Andreas; North Coast + Peninsula + Santa Cruz2 [
& Mountain" />
<grid_specification lon_min="-127.330000" lat_min="35.823465" lon_max="-120.33002
€00" lat_max="40.490132" nominal_lon_spacing="0.016667" nominal_lat_spacing="0.012
€6667" nlon="421" nlat="281" />

<event_specific_uncertainty name:
<event_specific_uncertainty name:

ar all selected assets

" <event_specific_uncertainty name: TR | e ocat (xK) 11 Scale 13,448,663 3 | @ agnifier 0% | Rotaior 0.0 2 [@crsosesr | @]
] onese ] M <cvert specific_uncertainty nane R ST ]
<event_specific_uncertainty name

I-) EmoeOuns, | <event_specific_| uncertamty name: SogenOups,

1:gﬁg':.‘::glzgzﬁ:‘cuymmﬂuyﬂ <grid_field index; LON" Sontour Layer

1413:44 - ShakeMap SanAndreash7.8 loading complete. <grid_field index LA TAndreasht?.8 oading complete

Ry iET (o . -

9 Exampt <grid_field index: PGV" Example.

<grid_field index: MMI"
< <grid_field index: PSA@3" uni

<grid_field PSA10" units:
<grid_field PSA30" units=
<grid_data>

— ,

-127.3300 40.4901 2.08 0.97 1.67 0.95
~127.3133 40.4901 9 0.98 1.68 0.96
-127.2967 40.4901 1 2.13 0.99 1.69 0.96
-127.2800 40.4901 3 2.14 1 1.7 0.97
~127.2633 40.4901 2.17 1.02 1.72 0.97
-127.2467 40.4901 05 2.18 1.03 1.73 0.98
-127.2300 40.4901 06 2.2 1.04 1.74 0.98
-127.2133 40 4901 05 2.21 1.05 1.75 @,

U:—— grid. Top L2 Git-master !nxllL Valid)

<nil> <mnuse-1> is undefined

SimCenter$s 23




R2D
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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

eoe
R2D: Regional Resilience Determination Tool Login |
(et Regional Site Response
site V530 Model
Single Location Grid of Locations @ Scattering Locations Type: | CGS/Wills Vs30 (Wills et al,2015) e
Site File: (csv) Imodel/SiteModelData.csv [ 1 L0
Rock outcrop motion
Sitesto Analyze 0-4  Advanced Fiter Model (if ided by users) B_ju B
0 i e s | owpranae || | e ssciamoennson °
o -122.3283 37.784 2256 2214896 € Layer 1
ol
Soil Model Layer 2
Modeling Script imC: i ildTest-Debug/R2D. i i ield3D_Drytel (100
Input Motions
Layer 3
Event File Listing Motions _ild/buil i /c it i i i i  Browse |
Compliant Rock
Unit:
X ant (g a
factc alar) e
o7 romosgsat T
Output

& SimCenter¥®




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)
Ivsi
anaysk Surface motlon |nten5|ty

EQ: 140+ scenarios (UCERF2) =

% Magnitude: 6.2~7.5 — p . =S oS

h'é,. Distance: 7740 km 1D Soil representations i
) % - Surface motions
gy Ny — ‘f

s W b Er R i) 1\”" o
. z VO
= SEENE ‘ | =

Merritsand "o

e 4 p— S

A Ny &_/,,’ W e .
¥ P Ee ] o y H i 3 ¢ |-
X § oo B : N —
¥ W‘ i e
/ £ BN - - - - : = =

. Rock motions k- = - = = 2 5 =
“o 5 10 15 LN T $T 1 S — - - = gj

2

Vs30: 200~300m/s
Depth to Rock: 1~36m

2222222222222222222222222

¢ Rock motions:
I. GMPE w/ rock Vs30 + record

selection

\2. Physics-based earthquake records
S SimCenterV




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 ~N

Source Modelin State-of-the-Art Finite Element Model Risk Assessment(R2D)

Structure a'

ﬁ’ﬁ:» p

£ SimCentery¥
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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.

LN ]
R2D: Regional Resilience Determination Tool m
i . Justas ct s

Application of the ground motions

Regional Results Summary

Buildings ’:>
06 Building
= w
; . \ rting Filter:  AV_id
& R i

> Most Likely C
Mo

o Wl

o N2
LN K
on

@ [ Results

N L
- g 4 & +~ &
3 \ 1 0.01 o
- = = 2 0.02 0
B N 2
g 54 2 .02
@ Buildings P 4 .
Seend btain
¥ OpenStreet| - 0 0 0 0 Repair costofthe PG
the EDP P
% 2 o 0
= S 7
8 0.

Randomly
Input determines
Fragility curves Consequence Functions

>

2 - -—
Randomly S
g RN determines Z
(é’l fLe Damage State Input” | =
8 fer= 2 o
- - - DS3

Quantity
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R2D
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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

LN )
R2D: Regional Resilience Determination Tool m 1.00 -
------- Sligh
4 Oisclaimer: y any indlvidual bulding please consult with a rofessional sructural | e
Regional Results Summary i the building.Just as it cannot wilding,prediction of safety or an undamaged state s mmepoderate || 4
not assured Any opinions, findin those of do the Natlonal —_ Moderate - .
Sclence Foundation. o o
075 f{= = Extensive/Complete| =" ——
suiings g xtensive/Complete| o
ol -
00 Regional Map 06 Roadway P Pl
. o T " r e -
@ Most Likely Critical Dam @ Iy \714»,, i (O A /,—
(& Results S oakiand ) Jlossee \ @ 050 ¥
) 3 750l Pork T (=) e
* Ground Motion Grid : e | R [ Wostiikely Ciiticaibamagestate| | mean_Coliapse [ = -
& Tunnel 3015 0 0 0 £ P .-
= p ™
- Selected Tunnel | we 3 0 0 2 A --"
v Tunnel.geojson 2 ’ -
|/ - Tunnelgeojson | W % 5 o 8 025 ’, 1.
& Roadway a P =
Selected Roadway 2020, © o o P -
— Roadway.geojson 3021 0 o 0 /’ - o
5 A i -l
& Bridge 3022 0 4 0 000 =ttt -
@ - Selected Bridge
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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
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Alameda Case Study

* Inform the Local Hazard Mitigation Plan
* Support research in geotechnical engineering and recovery modeling
* Initiate assessment of multiple subsystems (building, bridge/transportation, pipelines)

|

ALAMEDA-

Climate Adaptation and
Hazard Mitigation Plan
April 2022

Rock motion

GMM at surface —

Site response at
surface

Hazard

@)

Single archetype
building

Alameda building

inventory

COM1
IND2 | Other
RES3
RES1

Exposure

— Detailed 3D model

—  MDOF [Lu etal.]

—  Capacity spectra

—  Surrogate model

Response

ﬁ W1, RES1

Building-level
(Hazus)

Component-level
(FEMA P-58)

fr

Damage/Loss

& SimCenter$¥



Alameda Case Study — Buildings, Transportation & Water
High-Fidelity Building Inventory

—-»/
Publicly available datasets — %
Cglﬁdssﬁtg ’ Map between reference datasets (e.g., parcels, addresses)
Bureau E HET
- H
B BRAILS ;
L DMLY Map data from low to high resolution ENN
N - Buildings: 14166
| 5 ) {Area: 850 ft?} | | {Area: 750 ft?} Year Built: 1888~2016 A8
\ ; ;ﬂ_z OpenStreetMap J Structure Type: Wood + Others Sl ~‘§§3 7 |
- Resolve conflicts between different datasets Occupancy Class: RES + COM + Others =S 4
e — . "

Bassman T.J., Zsarndczay A., Saw J., Wang S., Deierlein G.G., “High-Fidelity Testbed

Tra 1] spo rtatio N & Wate r I nfra st ru ct ure Development for Regional Risk Assessment in Alameda, California”, 12" NCEE, 2022
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Modeling Functional Recovery

UNCERTAINTY QUANTIFICATION

Center for Computational Modeling and Simulation

‘ _ @ SimCenter¥®¥

MoDEL ESTIMAT
DESCRIBE DESCRIBE ESTIMATE ~
pra— A SIMULATE

-
o - o - el cun
ASSETS HAZARD & EVENTS RESPONSE & LOSSE ‘ RECOVERY [ : T e p I

SUPPORTING DATABASES ‘ i‘
|
" L-«"‘v\\‘\‘ ’ H” .,‘m‘ | Mi‘rwww
‘L\ M
I

ARUP

ATC-138 Terzic et al.

[ ———

F Recovery: A C k
with Policy Options

Awhite paper of the Earthquake Engineering Research Institute

imes. T recen:
o o drf, s tis.  cals or FEMA nd NIST 0 convene expets o recommend “optons for

Ema -

ke sheer,

Recommended Options for
Improving the Built Environment
for Post-Earthquake Reoccupancy

Molina Hutt et al. FEMA, ATC

e and Functional Recovery Time * Opportunities for comparisons and benchmarking
rmm——— * Recognize and leverage synergies in future development
[ )

Open-source code supports both research and practice
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. r N\
GOAL: D/L+R+UQ+Interdependencies TN
'.'.‘-".;4; L S =,
® Tool to allocate resources post-event based on both certain and GRASR
uncertain data and uncertainty in other parameters (i.e. known :
pipe/valve break) + OTHER INFRASTRUCTURE DAMAGE DATA T —
Road closures
A A
r N\ r N\
r “

AT _ Gl s
Damage & fg :;::/::—~__: ‘ ::\_\A
NEary - WD
is T i\f:_"i% o < J

pelicun — \ LD PN

R i i . .
v (baseilcc?:es:ymple Uncertain & Certain Data Resilience using
recovery curves) | Resource Allocation (with
- - interdependencies)
Bayesian Updating
(update model based on
UQ simulations)
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What is resilience?

Disruption

1

Functionality
Re
v/
/@O[

v

Time
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Resilience assessment using supply/demand/consumption

T Disaster Resilience

B Quantification:

;‘ * System Supply SS/S,R/S(t) = {Z }Si,CR/S(t)
Q

Time Step

Post-disaster demand, supply and consumption of a system during recovery.

Didier, Broccardo, Esposito, Stojadinovi¢ (2018) 4 compositional demand/supply framework to quantify the resilience of civil infrastructure systems (Re-CoDeS). Sustainable and Resilient Infrastructure.
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Resilience assessment using supply/demand/consumption

o Disaster Resilience
E Quantification:
_;: * System Supply SS/S,R/S(t) = {Z }Si,CR/S(t)
f; * System Demand: D, ,s@)= > D, 5@
3 40 iefl,...I}
g T Sscys,R/S
% 20 — Dgys.ris
Q
° 0=ty 2 4 6 8 10=tf

Time Step

Post-disaster demand, supply and consumption of a system during recovery.

Didier, Broccardo, Esposito, Stojadinovi¢ (2018) 4 compositional demand/supply framework to quantify the resilience of civil infrastructure systems (Re-CoDeS). Sustainable and Resilient Infrastructure.
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Resilience assessment using supply/demand/consumption

Disaster Resilience
Quantification:

® SyStem Supply Ssis,R/s(t):_ Z Si,CR/S(t)

* System Demand: D, ,s@)= > D, 5@

sys
iefl,...I}

* System Consumption: C, ,s()= Y. C s

ie{l,...1}

Demand, Supply Capacity, Consumption

0=ty 2 4 6 8 10=t;
Time Step

Post-disaster demand, supply and consumption of a system during recovery.

Didier, Broccardo, Esposito, Stojadinovi¢ (2018) 4 compositional demand/supply framework to quantify the resilience of civil infrastructure systems (Re-CoDeS). Sustainable and Resilient Infrastructure.
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Resilience assessment using supply/demand/consumption

120

e Disaster Resilience
Quantification:

® SyStem Supply Ssis,R/s(t):_ Z Si,CR/S(t)

* System Demand: D, ,s@)= > D, 5@

sys
iefl,...I}

* System Consumption: C, ,s()= Y. C s

ie{l,...1}

Demand, Supply Capacity, Consumption

* Resilience Metric:

0=to 2 4 6 8 10=tf

7
Time Step

LoR,, z/s = I (Dsys,R/S (- Csys,R/S (¢ )) dt

)

Post-disaster demand, supply and consumption of a system during recovery.

Didier, Broccardo, Esposito, Stojadinovi¢ (2018) 4 compositional demand/supply framework to quantify the resilience of civil infrastructure systems (Re-CoDeS). Sustainable and Resilient Infrastructure.
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How well do we understand our built environment?

We (sort of) understand We don’t understand very well

Robustness, Redundancy Recovery

Functionality

v

Time
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iRe-CoDeS computational workflow: physics-based and modular

Community properties

Soil type, terrain elevation, . .I'Ex/poslure' bili Repair time, impeding factors, c i 0 |
fault location, etc. ragility/vulnerability recovery resource supply, etc. ommunity resiiience goals
functions, etc. I

- Resilience quantification
Hazard module ) Vulnerability module T Recovery module ) mgdul e
Disaster intensity Regional damage/loss model iRe-CoDeS recovery model Re-CoDeS resilience assessment

measure predictions
PGA [g]

10000 Fragility curve for Generator o

Minor

08 100
1.2
08
~ 7
1

Molerste Exensive Complete *  ATCDu

Disaster

g

8000

8

6000

8

Percent Funetional

4000

Location, [m]

Probabilty of excoedence |-

8

2000

°©
=
I3

1 10 100 1000

Demand, Supply Capacity, Consumption

8

‘Time (days)

02 04 08 08 1 12 14 15 18 2 Figure 8.1: Restoration Curves for Water Treatment Plants (after ATC-13, 1985).
Location, [m] x10* Fentl 0=t 2 a 6 8 0=t

Time Step I

°

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

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

Community properties

Exposure,
fraglllty/vulnerablllty l

functions, etc.

Repair time, impeding factors,

recovery resource supply, etc.

Soil type, terrain elevation,
fault location, etc.

1 Community resilience goals

I Resilience quantification I
)

T Recovery module module I

nodule

ss model I

10000
8000
E 6000

4000

2000

pyrecodes is an open-source framework for regional disaster recovery simulation and

"R2D

.......

[oyrecodes

I — — =3

disaster resilience assessment of interdependent systems.

&
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Monitor/simulate components’ resource supply and
demand during recovery

: : .,

N

o [

-

L supy e = %8
{ 7 Demendfialis,

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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Component interdependencies simulated as a flow of
resources and services

Communication e '@ﬁx

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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Case Study: Housing Resilience of North-East San Francisco

7.2Mw Earthquake

Shelter [beds/day]

v

Residential buildings considered in the Case Study. Tim e

Blagojevi¢ and Stojadinovi¢ (2022) A Demand-Supply Framework for Evaluating the Effect of Resource and Service Constraints on Community Disaster Resilience. Resilient Cities and Structures.
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Housing recovery of North-East San Francisco

Time Step: 2

160000

on

Waiting
Rapidinspection
Financing
ContractorMobilization
SitePreparation
CleanUp
Detailedinspection
ArchAndEngDesign
Permitting

Demolition

Repair
Functional

150000

140000

130000

—— Supply

—— Demand

—— Consumption
LoR

120000

Housing Demand/Supply/Consumpt

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Time step [day]

&

S 400

Q.

€ 350

v

&

o 300

>

& 250

a

3 200

&

£ 150

U

© 100{ — Supply
5 —— Demand
L

Y 50| — cConsumption
o LoR

[

o

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Time step [day]

Blagojevi¢ and Stojadinovi¢ (2022) 4 Demand-Supply Framework for Evaluating the Effect of Resource and Service Constraints on Community Disaster Resilience. Resilient Cities and Structures.
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pyrecodes: integration and future development

Horizontal iptegration

Regional risk models

Hazard module —) Vulnerability module | ) Recovery module
Disaster intensity .
measure assessment Regional damage/loss model
- it SCRPEEOPON S (PSR
dol T o // ‘,// ) e
.............................. ::, ) B e
Eoml D0 oI §/ C
?mﬂﬁﬁﬁﬁiﬁff'.'F--;F”'“ffﬁﬁiﬁiﬁﬁ ,/ o
o e s L A
............. / "/ﬁ l, __;::_‘—-:
o 05 1.5 2 2 3 o e = e —
Location, [m] g .

S SimCentery
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pYyrecodes

Resilience quantification
module

iRe-CoDeS regional recovery model Re-CoDesS resilience assessment
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REGIONAL RESILIENCE DETERMINATION (R2D) TOOL (LATEST VERSION 1.0)

Upcoming Events

+ SimCenter Training for Regional Simulations - Registration Oper
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+ SimCenter Development Team Office Hours
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plausible events and propagate the uncertainty in the hazard and the characteristics of the buit environment throu
simulations. The user interface of the R2D Tool facilitates importing and querying input data that describes the regi
hazard and the built environment and helps researchers with setling up and running the simulations either on their
computer or at the HPC clusters available at DesignSafe. Once the simulations are completed, the main results ard
visualized in the tool and detailed results are also available for post processing.

#SimCenterty

Regional Res
Determination Tool

nce

‘Several examples are provided to demonstrate the application’s versatiity when it comes to assembling simulation|
workflows of various levels of complexity:
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# » 2, User Guide View page source

2. User Guide

‘The R2D app, as will be discussed in Software Architecture,is a that creates i runs them in the background. These workflows can involve.

« E1-Basic HAZUS

E2 - MDOF Building Response

E3 - Physics-based Ground Motions.
« E4-OpenSeesPy FEM

« E5- Ground Shaking + Liquefaction

‘See the Tool's Documentation for details on these examples.

The current version allows users o investigate the performance of the buildings in the region when subjected to
earthquake events. The application s being expanded to allow researchers to investigate the effects of a hurricane}
event, and futurs versions willincorporate lifelines and respond to users' feature requests. Interssted beta testers
contact NHERI-SimCenter@berkeley.edu.

1 Instalation

& 2 User Guide
21,V Visuazaton

22, Gl General nformation

23 HAZ: Hazards

24,ASD: Asset Definiion

2.5, HTA: Hazard to Asset

26, MOD: Asset Moceling
27.ANA: Asset Analysis

28, DL Damage anl Loss

29.UQ: Uncertinty Quantifcation

backend applications. Once the R2D app s started, the user is presented with the user interface shown in Fig. 2.5. It s in this Ul where the user selects the
applications to run in  workflow, inputs the necessary parameters for each of these applications, starts the worklow either locally or remotely, and finally views the simulation results,
The main window of the Ul s divided into several separate areas:
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Selection i Panel
Ribbon
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Buttons
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