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Agenda

11:00-11:08 Welcome & Announcements

11:08-11:15 Dr. Maggie Leon-Corwin — NHERI
User Forum Survey

11:15-11:45 Dr. Jinyan Zhao — NHERI
SimCenter Presentation

11:45-11:55Q & A
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Welcome New Members

Buddhi Joshi Jonathan Burton
Kate McNeely Roshan Sharma
JUNWEI Ma Amma  Agyekum
Javier Robles Camacho Brenda Trejo Rosas
HM IMRAN

*Reach out to Daniel Yahya and Wesam Mohamed -
to learn how to get involved! ‘

NHER| GSC VaY

o Graduate Stude



mailto:diy0001@auburn.edu
mailto:wesammm2@illinois.edu

Conference Opportunities!

Conference Dates Abstract

NHERI Computational Symposium February 5-7, 2025 August 30, 2024
AAG: 2025 American Association of

Geographers March 24-25, 2025 October 31, 2024
EMI: ASCE Engineering Mechanics Institute May 27-30, 2025 December 1, 2024
IWSHM: International Workshop on Structural

Health Monitoring September 2025 February 1, 2025
YCSEC: Young Coastal Scientist and Engineers

Conference April 3-4, 2025 Not Announced
ACWE: 15th Americas Conference for Wind

Engineering May 19-25, 2025 October 1, 2024
ANNSIM: Annual Modeling & Simulation

Conference May 26th-29th, 2025 Not Announced
Geotechnical Frontiers Conference March 2-5, 2025 Early September

@& | NHERI GSC VAY
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Conference Opportunities!

Conference Dates Abstract
AGU24: American Geophysical Union December 9-13,2024  Closed
Forensic Engineering Congress November 4, 2024 Closed
Society of Risk Analysis Conference December 8-12,2024  Closed
IMAC February 10-13, 2025 Closed
American Sociological Association Virtual January 30-31, 2025 Closed
Association for Public policy Analysis & November 21st- 23rd,
Management 2024 Closed

Abstracts are closed but registration is open.

NHERI GSC Va¥
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NHERI GSC Fall Nominations

bit.ly/2024NHERIGSC FallNominations

Officers: President, Treasurer, Secretary
All Chair Positions
o Membership
Workshops & Mentoring
Diversity, Equity, & Inclusion
Research
Networking & Community Building
Social Media & Outreach
One Vice Chair Position
o Membership
Research Subcommittee Representatives (RSRs)
o Coastal
Earthquake
Geotechnical
Reconnaissance
Simulation/Computational Modeling

Social Science @& | NHERI GSC vaY

WI N d R, st Graduate Student Council

O O O O O

O O O O O O



https://bit.ly/2024NHERIGSC_FallNominations

NHERI User Forum Survey

Dr. Maggie Ledn-Corwin
Research Scientist
Oklahoma University and
NHERI User Forum

maggie.leoncorwin@ou.edu

NSF

¥ NHERI
User
Forum
s Survey
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mailto:maggie.leoncorwin@ou.edu

Speaker Introduction

Dr. Jinyan Zhao
Postdoctoral Scholar at
NHERI SimCenter

Jinyan zhao@berkeley.ed
u



mailto:jinyan_zhao@berkeley.edu
mailto:jinyan_zhao@berkeley.edu

Introduction to SimCenter tools and
using them in your research
with a focus on R2D

Jinyan Zhao
Postdoctoral Scholar
NHERI SimCenter, UC Berkeley

LA NSF.NHERI'”E,.V
‘e S|mcenter nheri-simcenter@berkeley.edu

8% | NHERI GSC Vav
B - (,f' Graduate Student Council 10




SimCenter: computational modeling and
simulation research facility for natural
zard engineering

Si m e nie r w‘iy SimCenter Tools & Resources

Center for Computational Medeling and Simulation EEI PBE
Gy TV TAY T
Cloud-enabled research applications TaNy H
Scalable to runon HPC with emphasis onUQ yﬁ@ 5;3

Base

Panel zone
Shear

7 i ;_, == :
2 Recon facilities

\ 4

Deformation

FEm

source: SimCenter Teaching Gallery %‘v

https://simcenter.designsafe-ci.org/lknowledge-hub/teaching-gallery/

.
Column Beam
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Qg Uncertainty quantification using
LN SimCenter’s quoFEM

low system %“gh

;IIIIIII response
B @?ﬂ .|||I||I. —

- Monte R
e T J|\|||l Carlo

m‘ﬁﬁ%: ‘}#’ |%§%§ {NIIIJI!!I': e ———— = —
] ; Y DAKOTA
User

provided e AO /N 5 4

model

B, | NSFNHERI 929
: SimCenter nheri-simcenter@berkeley.edu
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FEM

N\ Si

Uncertainty quantification using

Center’s quoFEM
i

Reliability ~_ Surrogate/ 7
analysis  Reduced-order
Sensitivit modeling Bayesian
y analysis \ ﬁ 7\ / calibration
/ \ J N7
Forward By Deterministic
propagation e calibration
DAKOTA
] L > | Experimental data

User i
provided =
model *

B | NSF NHERI 755
| SimCenter

nheri-simcenter@berkeley.edu “ﬁf-r‘

FEm

S/ A\ 4
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SimCenter — Desktop application
portfolio

SimCenter Framework
KEY: Component [, 7174

EE R2D ) )
Ratiory Regional Risk
egional resilience
determination tool

Individual Asset
Damage and Loss

N\

A4 PBE
rerformance based

engineering computations

EE-U =2 WE-U 70 A Hydro-UQ .
@Eanhquag Wind Ioamg /ao Tsunami z:Jn(c; HaZard-SpeClﬁc
excitation excitation storm surge event
- — - Structural Response

How Mlnonh combine to form apps

K:)-' uoFEM
Ouannﬁgj uncertainty General-Plll’pOSG
with optimization for th . . .
fine eloment method UQ & Optimization

oD Sl s - L %7 Software Modules

BE
| surr | BRaLS |

NHERI GSC YA
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SimCenter — Desktop application
portfolio

SimCenter Framework

@ R2D : .
v 7er | oo ﬁ'ﬁfﬁfﬁf& Regional Risk
§
£ & PBE Individual Asset
5 Performance based 1))
dﬂ —_— %
£
8 (DEE-UQ [ =2 WE-UQ ey Hydro-UQ Hazard-Specific
g ef;:{:g: aukg Wn-\tdtl oad@g storm su;?:\?gitz‘g
3 - ———— : Structural Response
B
£

0@- quoFEM

Quantified uncertainty

General-Purpose
" fne element method UQ & Optimization

@ " Hazarp | mop RESPO - “ ' Software Modules

| PELICUN |
| surr | BRaLS |
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SimCenter — Desktop application

SimCenter Framework

e [on | [Gomporen

portfolio

N

rerformance based
engineering computations

PBE

£ 2
Regional resilience
determination tool

Regional Risk

How components meho to form appJ

i\

.
e
/*( (
Y
<

Earthquake
excitation UQ

quoFEM
Quantified uncertainty
with optimization for the
finite element method

F reo a TErys r ro
e = L = V4

Wind loading
excitation UQ

NSF NHERI VY

SimCenter

B

'/,\ 3
\‘W

storm surge event UQ

Individual Asset
Damage and Loss

Tsunami and

GENERATOR

FAZAFa-SPecIe

Structural Response

General-Purpose
UQ & Optimization

AL Software Modules

nheri-simcenter@berkeley.edu

| surr | BRaLS |
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SimCenter — Desktop application
portfolio

SimCenter Framework

excitation UQ

excitation UQ storm surge event UQ

Structural Response

E@ R2D : .
KEY: Component R:é;o:::resolnencel Reglonal RlSk
etermination too!
4
g o PBE Individual Asset
2 enpineering computations Damage and Loss
£
‘K- —itd 7 I Y/ - .
8 (DEEVQ | | WE-UQ ey Hydro-UQ Hazard-Specific
g arthquake Wind loading sunami an
%
E
2

0@- quoFEM

Quantified uncertainty

General-Purpose
" fne element method UQ & Optimization

@ " Hazarp | mop RESPO - “ ' Software Modules

| PELICUN |
| surr | BRaLS |
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R2D Regional Resilience Determination
IlQQJdS( E?ﬁa”m \ Hurr{ggm

il Tsunami}
8l Storm

- Hazards library and event generator

REH(dings STEnE %\;Tia' o
=y \

Multiple assets

- Inventory generator  SRAILS

Flexible workflow: Multi-resolution and multi-fidelity

. High-fidelity Surrogate

Fragilit £ modeI model

Y £ a
curves ¢ w

Low-fidelity | e M
model |
1 |1 NHERI GSC YA¥
Slmcenter nheri-simcenter@berkeley.edu Graduate Student Council




;;E, Regional simulation workflow in R2D

ASSET
DESCRIPTION

1. User input in GIS formats Boal @
» Asset 2. Retrieve data from public databases or enhance the data DI{"\]L‘J
using Al

Earthquake building assessment using FEMA’s
nsennes oo | HAZUS fragility curves
SEETE L suinyer
*  Number of stories
* Occupancy type
* Structure type
* Etc.

HAZARD
DESCRIPTION

MODELING

ANALYSIS

UNCERTAINTY QUANTIFICATION

Earthquake building assessment using multi-
degree freedom (MDOF) OpenSees model

DAMAGE & * Story height
Loss .
* Story stiffness
* Etc

SYSTEM
PERFORMANCE source: SimCenter Testbed
https://simcenter.designsafe-ci.org/testbeds/

NSF.NHERI'?‘%V
SimCenter nheri-simcenter@berkeley.edu
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5;; Regional simulation workflow in R2D

1. User input in GIS formats j PDAN ©
» Asset 2. Retrieve data from public databases or enhance the data é DI{"UL‘J

ASSET
DESCRIPTION X
using Al
Hurricane building assessment using FEMA’'s HAZUS
DE':::,“,:',’O,, fragility curves
\/72\ * Roof shape
g .|+ Firstfloor elevation
§ \\’\\’\\“-‘?5‘{. R
E MODELING . Occupancy type
3 Uae e Structure type
£ o s etc
5 | Awauss Hurricane building assessment using structural
analysis models
DAMAGE & g o AN * The attributes needed to build the model

Do -
e‘s, \g

High-Rise Non-Res. Bldg. (10+ stories)
Low-Rise Non-Res. Bldg. (1-5 stories)
Mid-Rise Non-Res. Bldg. (6-10 stories)
Multi-Unit Res. Bldg.

Single Family Home

Loss

SYSTEM N
PERFORMANCE — source: SimCenter Testbed
https://simcenter.designsafe-ci.org/testbeds/

NHERI GSC Ya¥v

Graduate Student Council

NSF.NHERI?‘%.V
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R2D
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Regional simulation workflow in R2D

[Grotdishaking: EWindispeedia
i L—ﬁurf r{m:\ 1t if ﬁ
e Hazard : - AN ¥f§i {i%
DESCRIPTION Descri pt io } Il
n i ;ﬁmmm
HAZARD
DESCRIPTION ece
- Earthquake building assessment using FEMA’s S — .
5 HAZUS fragility curves i e .
§ MODELING * Ground shaking intensity measures (e.g., PGA) = wwowen =
E * Ground failure intensity measures (e.g., PGD) e e .
g ANALYSIS o35
Earthquake building assessment using MDOF sam |
SR OpenSees model ohdbew
Loss * Ground shaking records i

-
)
\ ﬁ

NSF NHERI VY

SimCenter nheri-simcenter@berkeley.edu @

SYSTEM
PERFORMANCE

NHERI GSC VYa¥v
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R2D
\Co/ A

ASSET
DESCRIPTION

HAZARD
DESCRIPTION

MODELING

ANALYSIS

UNCERTAINTY QUANTIFICATIO |

DAMAGE &
Loss

SYSTEM

PERFORMANCE

NSF.NHERI?‘%.V
SimCenter

Regional simulation workflow in R2D

Hazard G N\ 1| i mi*igi i

Descriptio } m?i 5 ! l!m

n : i¥¥mmm}l H
Hurricane building assessment using FEMA’s Mmm,a wmn oo ewa i o
HAZUS fragility curves o e e e —

o [TV LD B soeoty oot ST | nvorone s )
—— [Soccions W cvrona [T

v
— Earthquake Ruptures -
& Sites
+ Ground Motion Grid /

¥ Buildings

¥ Open Street Map

* Peak wind speed

< Divisions Longitude 10 Z Number per site 3

Hurricane building assessment using structural
analysis models
* Wind pressure sequence

NHERI GSC YA

Graduate Student Council

nheri-simcenter@berkeley.edu



;;E, Regional simulation workflow in R2D

e g@
— Modeling  ¢XQpenSees @ python™ | ... ol ! %

DESCRIPTION & Analysis %

Max Curvat

OpenSees Model
PENSEES MOAES CustomPy Models

HAZARD
BESCRIENON Built-in Options
* Multi-Degree of Freedom models
* Intensity Measure as Engineering Demand
MODELING Parameter (IMasEDP)

ANALYSIS User-defined Options ==
* CustomPy :
* Surrogate models

DAMAGE &
Loss

=
(-]
=
S
]
=
H
=2
(-4
[
=
<
o
]
=
=2

SYSTEM
PERFORMANCE

NHERI GSC Ya¥
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;;E, Regional simulation workflow in R2D

Built-in options
L3 * FEMA's HAZUS fragility curves for Earthquake and Hurricane

DESCRIPTION

User-defined fragility curves
HAZARD - 1.
DESCRIPTION * A .csvspread sheet containing your fragility curve database
* Ashort Python script mapping each asset to the

g corresponding fragility curve
g MODELING
(-4
g
g ANALYSIS
DASRcEle 1.A program generates D&L realizations
Loss from fragility curves
Damage & p8llcun 2. Many fragility curves (e.g., HAZUS) are
Loss built-in
SYSTEM
PERFORMANCE 3. You can also use your own fragility curves
JERRC | NSF NHERI 759 @ NHERI GSC VK'
SimCenter nheri-simcenter@berkeley.edu Graduate Student Council




R2D

w-w  Regional simulation workflow in R2D

Between 8:00 and 8:10

1. Traffic flow simulation

AsseT * Dynamic traffic assignment

Estimate the travel time of each trip
Estimate congestion level of each road

DESCRIPTION

Hayward
HAZARD e .
DESCRIPTION 380 “Wome & %
> = &
= -
% 37.8 1
E MODELING 3
] 2
) £ 376
o s
=
z
<
= 37.4 1 ;
g ANALYSIS + Bridges
5 « Closed bridges :* * "’
Roads feen ® 3
3721 — Closed Roads = ** .« I ot e 2,
(u' G CONUILULOrS (C). CARTO : = © (€) cARTO
DAMAGE & ~122.8 1226 1224 1222 -122.0 -121.8 -1226 1224 1222 1220 -1218
Longitude
—==- 'WNTR¢
1. Traffic flow simulation w2
v Bt Water Network Tool for Resilience
- » System 2. Water network hydraulic simulation
PERFORMANCE Performance 3. Community recovery simulation =" p y reco d es
& Recovery

NSF.NHERI'@"%V
SimCenter nheri-simcenter@berkeley.edu

NHERI GSC Ya¥v
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;;E, Regional simulation workflow in R2D

2. Water network hydraulic simulation a b
AssET Simulate hydraulics and water quality
Define disruption

Define response and mitigation actions

DESCRIPTION

HAZARD 100 ' ; T 7
§ H o —
DESCRIPTION 2 g J*l_rhfw /!
= ' 1 H |
g ‘ : ] o
5 ] :
3 3 Lo r,
5 g ! Ve
E MODELING g 20 : | r‘ Demand Node Damages Pipe Reservoir Damaged pump
E =2 R . 4 (1/s) (number)
3 0 L 1 © 0055-40 o 1
T 0 20 40 60 80 100 120 : o Pump . Tank
H Time (hour) ® 40-8 ® > —  Plipe damages ]
& o512 @4 (type)
z ANALYSIS Pipe Reroute — * = Pipe Repair ® 12-15 A leak Damaged Tank
= = =Node Repair ~ ====- Pump Restoration A break
= « = Tank restoration — Percentage demand met

source: Sina Naeimi, Postdoc at SimCenter

‘Congestion Level (VIC Ratio) at 7:30 AM. A ‘
. . . e T &
1. Traffic flow simulation 58 WN R&!-‘

Water Network Tool for Resilience
System 2. Water network hydraulic simulation

Performance 3. Community recovery simulation = pyreCOdeS

& Recovery

DAMAGE &
Loss

SYSTEM
PERFORMANCE

NSF.NHERI'@"%V
SimCenter nheri-simcenter@berkeley.edu

NHERI GSC YA
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;;E, Regional simulation workflow in R2D

Time Step: 0

i W ¥ ‘ ?’\. - siting
P4 Pl \ Rapidinspection
i

; \
=
J ) nancing

w

. Community recovery simulation

AsseT Quantify recovery and function resources |
DESCRIPTION demand and supply \ SN
Simulate the resource flow among infrastructure =
Estimate recoverv time and auantifies resilience R =

== ContractorMobilization
=1 {8 “‘ﬁ - Sitepreparation
West Oakland s 7

& X ) CleanUp

o N W, == Desileinspection
.l' ) N ArchAndEngOesign

I3

*Oakland

Coneside
bark

Eastlake

HAZARD
DESCRIPTION 120

Disaster

3
g

8

MODELING

\ s , King -
L - Regional
. X Shorejine.

UNCERTAINTY QUANTIFICATION
Demand, Supply Capacity, Consumption
3

40 ‘»\
—SSHT "\
ANALYSIS ) E e
— Ciysas \
LoRsys. ais i
0 A
0=ty 2 4 6 8 10=t; 1C1 Opensireetiap contrbutors Oaklang
DAMAGE & Time Step
- —==="\WINTR$
1. Traffic flow simulation &
& v f Water Network Tool for Resilience
— System 2. Water network hydraulic simulation N
PERFORMANCE Performance 3. Community recovery simulation = p\/recod es

& Recovery

NSF.NHERI'?‘%V
SimCenter nheri-simcenter@berkeley.edu

NHERI GSC YA¥
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R2D

w-w  Regional simulation workflow in R2D

1. User input in GIS formats
ASSET » Asset 2. Retrieve data from public databases or enhance the data using Al BRAILS
DESCRIPTION
| Grounele el UrricancsrZ 3l
Er(*f”ﬁmf" e 0

VVVVVVV

HAzARD
DESCRIPTION

Hazard

// Sa(T=1s)
\V/

=
% Surrogate
e models
E MODELING : e
3 Modeling  SXQpenSees pgthon 2 e
o I . g - o ~
E & Ana ySIS OpenSees Models Customp: g :
ustomPy Models b
E \
i
[*]
5

ANALYsIS 1.A program generates D&L realizations from

fragility curves
2. Many fragility curves (e.g., HAZUS) are built-in

P(DS>DS))

Damage & pellcun

Loss

DAMAGE &
Loss

3. You can also use your own fragility curves

1. Traffic flow sIEir[:1PuIation T WNTR

Water Network Tool for Resili en e

: SYSTEM System 2. Water network hydraulic simulation :
L Performance 3. Community recovery simulation = \/I’eCOdeS
& Recovery
1 |15 waess @ NHERI GSC YA
SimCenter nheri-simcenter@berkeley.edu Graduate Student Council




5;37 Application examples of R2D

Ex1. Community recovery simulation of Alameda Island, CA, under an Mw 7 earthquake

1. Estimate the ground shaking and liquefaction-induced ground failure

ene ene
R2D: Regional Resilience Determination Tool Che | Login| R2D: Regional Resilience Determination Tool (Chte J§f Login
3 0 @ 2 L o A (< e ‘:::“m::p 5] Y = - 2 <] a
B 2 J ] = BV /2B = B
J S
N r
<"h; ‘ ,‘,{! ~ D S5 \
P Al ; £ s \
- =
a s =
= \/ % o
000 7 oReeeeeoe
o‘booooooo‘ . J o‘:!..;o‘:.:oo
o&ogoogf:.:.. ' ) ©g800%0@000 .
©0g00%0 ..., oy ‘ ...32838880 R
ooog eseo0 % ® %000
oeoo0eb®e [} ..og)o‘
omeeegee b\
ooo}o. P e
oqe /
|
I————
o Clear all selected ;l-ll
= 3 & wonitie ot P @ 01 <al 180,764 2 @ fagnifie 100% C otatior 0.0°* C ®eescaesy | @
|
PGA Lateral spreading (m)

NSF NHERI % #8% | NHERI GSCVA‘

SlmCenI'er nheri-simcenter@berkeley.edu h,,p Graduate Student Council




R2D
\Co/ A

Application examples of R2D

Ex1. Community recovery simulation of Alameda Island, CA, under an Mw 7 earthquake

2. Estimated building and transportation infrastructure damage with FEMA’s Hazus method

@ & Most Likely Critical Dc
Bridge_DMG

[ H<N<]
N

(RN NN NN NN
[m]
~
v

Roadway_DMG
0
15
3

LR < N<]

Buildings

B | SF NHERI 229
SimCenter

| Regional Results Summary

2
*
oo

[<E< NI <N<].
L
N

(<]

[
15
3

[<H<N<N<]

Building_DMG

¥ Results

+ Ground Motion Grid

¥ Tunnel
¥ Roadway
¥ Bridge
¥ Buidings

¥ Most Likely Critical D

ridge_DMG

Roadway_DMG

R2D: Regional Resilience Determination Tool

o

CEEIFEl Transportation Network

Regional Map
e

Transportation Infrastructure

| NHERI GSC

{ Graduate Student Council
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R2D

TNy Application examples of R2D

Ex1. Community recovery simulation of Alameda Island, CA, under an Mw 7 earthquake

3. Simulate the recovery of buildings and transportation infrastructure

Components Recovery Time

e 7N ¥
= > &
& : /)
,/M West Oakland A
r
\ & A i ;
9 ‘\\ ‘,_: Oakland o N 400
S
T TN
2
\ >
AN 300 8
< ‘ N ;
‘u\\‘\\ Ea: c
R =
\\\\ -
» N q>)
g 200 5
(9]
o
r 100
(©)
OpenStreetMap &
contributors lor

NSF NHERI 2%

60000 -

500001

Shelter [beds/day] | All
W N
o o
s, o
S o
o o

20000 -

| SimCenter nheri-simcenter@berkeley.edu

—— Supply
Demand

—— Consumption

LoR

100

200 300 400 500
Time step [day]

NHERI GSC Ya¥v
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R2D
Ao/ 4

Application examples of R2D

Ex1. Community recovery simulation of Alameda Island, CA, under an Mw 7 earthquake

3. Simulate the recovery of buildings and transportation infrastructure

RepairCrew [RC/day]

500001 N
40000 :
30000 \
20000 — Supply
—— Demand
10000 —— Consumption
0l LoR
0 100 200 300 400 500
Time step [day]
Buildings
NSFNHERI 2%
Slmcenter nheri-simcenter@berkeley.edu

=
(O]
o
o

500

RepairCrew [RC/day]

1000 -

— Supply

—— Demand

— Consumption
LoR

100 200 300 400 500
Time step [day]
Transportation infrastructure

NHERI GSC Ya¥v
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R2D
\Co/ A

3. Simulate the recovery of buildings and transportation infrastructure

NSFNHERI 2%
SlmCenI'er

Application examples of R2D

Ex1. Community recovery simulation of Alameda Island, CA, under an Mw 7 earthquake

Time Step: 0

\ # /4
//

West Oakland

awg

Oakland

sHnn

nheri-simcenter@berkeley.edu

NHERI GSC Ya¥v

Graduate Student Council



5;3, Application examples of R2D

Ex2. Earthquake disturbance to the SF Bay Area transportation network

1. Estimate the ground shaking intensity and bridge damages in a Mw 7 EQ on the
Hayward fault B

»e 56 3804 e 3§ - :
"’ L ." & o
8
39.0 ¢ * Eﬁs'
37.8 1 3
40 S
385 o
g 3
3 =376
& s |
38.0
24
37.4 1
375 16 - Bridges N
Closed bridges | &% *-¥:
37.0 . Roads ".-‘ <
" et 37.2 Closed Roads %,
~1245 -124.0 -123.5 -123.0 -122.5 -122.0 -121.5 -121.0 (\.; UpeLstEeUtiap Lo mutorS Q). CARTO - =
0 —122 8 —122 6 —122 4 —122 2 -122.0 —-121.8

Longitude

NHERI GSC Ya¥v

Graduate Student Council
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5;37 Application examples of R2D

Ex2. Earthquake disturbance to the SF Bay Area transportation network

2. Compare the roadway congestion level during the morning rush

Between 7:00 and 7:10 Between 7:00 and 7:10

Wlthout damage With damage

(C) OpenStreetMap contributors (C) CARTO
-122.6 -122.4 -122.2 -122.0 -121.8

222222222222222

NHERI GSC Ya¥v

Graduate Student Council
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5;37 Application examples of R2D

Ex2. Earthquake disturbance to the SF Bay Area transportation network

2. Compare the roadwav congestion level during the morning rush

Between 8:00 and 8:10 Between 8:00 and 8:10
R

38.0 4 38.0
37.8 37.8
37.6 37.6
37.44 37.4
37.2 % 37.24 ¥

Without damage With damage

(©) 0 < (€) CARTO . S £ (€) O : (C) CARTO .
-122.6 -122.4 -122.2 -122.0 -121.8 -122.6 -122.4 -122.2 -122.0 -121.8

NSF.NHERI'?zV
SimCenter nheri-simcenter@berkeley.edu
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R2D
\Co/ A

<X

Application examples of R2D

Ex2. Earthquake disturbance to the SF Bay Area transportation network

3. Compare the impact of the Mw 7 on the Hayward fault and the San Andreas fault

Latitude

T

o

Hayward
380§ N oFTwe 38.0
> -
37.8 1 37.8 1
[0}
el
2
37.6 A S 37.6
g
37.4 , . 37.4 1
« Bridges v ;
Closed bridges :% -+,
Roads Tty e
37.2 - Closed Roads = ™ . 37.2 -
(\_;I uu:n:u:cuv:au \.uuunuutoll's (9} CARTOI - :
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Application examples of R2D

Earthquake disturbance to the SF Bay Area transportation network

3. Compare the impact of a Mw 7 on the San Andreas fault and the Hayward fault

38.0 4

37.8 1

37.24

Between 8:00 and 8:10

©)

Hayward fault scenario

(C) CARTO

-122.6 -122.4 -122.2 -122.0

-121.8

38.0

37.8

Between 8:00 and 8:10

Lo

(C) OpensStreetMap contributors (C) CARTO.

San Andreas fault scenario

-122.6 -122.4 -122.2 -122.0

-121.8
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5;5, Application examples of R2D

Earthquake disturbance to the SF Bay Area transportation network

3. Compare the impact of a Mw 7 on the San Andreas fault and the Hayward fault

* 60.5% of trips are * 53.5% of trips are

delayed delayed
100% 60.5% * Thedelay is 21.2 % of 100% 53.5% * The delay is 9.5 % of

normal travel time normal travel time

* The average travel * The average travel
time increase is 12.3 time increase is 3.6 %

Delayed Trips % Delayed Trips
fotalTrips Total Trips
Hayward fault scenario San Andreas fault scenario

& | NHERI GSC Ya¥
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Application examples of R2D

Ex2. Earthquake disturbance to the SF Bay Area transportation network

3. Compare the impact of the Mw 7 on the Hayward fault and the San Andreas fault

Hayward
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(9]
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2
£37.6 1
—
37.4 1 . el
« Bridges v
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Roads Tty e
37.2 4 Closed Roads % .
(\_;I uu:n:u:cuv:au Lol u.;utO'l'S (9} CARTOI
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R2D

T How can R2D help your research?

.
1. Scale up your models to a regional scale. 3
> :
i e Y —
'J:\ . P
] e 5
1.0 < & ot
s L=/ : 5
0.8 | | NS -
N
z 06 &,
3
A
3 os Surrogate/
o N o
02 Reduced-order
- . v::l::an- Lllgrzlm Current lnloﬂ;\ﬂlﬁm: x Fo‘r':‘“ﬁ: I)‘)O|lll)ﬂsn:‘/‘)‘mﬂh i
b5 | modeling bt GrebmnaiiEaN | @Tiolor Ohdt
0.0 i i 16 mph. $39-73mph H 74-110 mph M > 110 mph|
(s) [l I T T ol Lo
Ground motion intensity
Crows cracks
l Crown
Damage States -1 -2 -3 -4 IL-5
Ds-1 0.56 0.18 0.06 0.02 0.01 Mi <
Ds-2 0.37 0.37 0.18 0.08 0.03 it g
Ds-3 0.05 0.24 0.25 0.17 0.10
Ds-4 0.02 0.19 0.39 0.44 0.39
DS5 0.00 0.02 0.12 0.29 047 Transvorse ridges

* New fragility curves

Surface of rapluro

\ Mai bedy
Foct /" Toe of surface of napture

Engincering model of soil-structure
system in OpenSees

Surface of sepoctve

* Advanced numerical models

* New hazard models
and surrogate models

ource: Erberik (2015
sour 'k (2015) source: Pedro Arduino (2023) source: NOAA and USGS

NSF.NHERI ey
SimCenter nheri-simcenter@berkeley.edu
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5;; Can R2D help your research?

2. Generate data to supplement, proof of concept, validate your models and algorithms

Ground motion hazard at a site =

Full set of simulations (thousands) E Santa Rosa
Subset of simulations (dozens)

107k i
Exceedance rates of interest

Annual exceedance rate, )\Y
a1.I
4

.« . 0 I 0;5 I 1
* Computer vision model to generate Ground motion intensity [Sa(1s), g]
inventory

* Efficient algorithms to quantify uncertainties

source: SimCenter BRAILS source: Jack Baker (2023)

https://simcenter.designsafe-ci.org/backend-components/brails/

i NSF NHER| 729 @
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;;; Can R2D help your research?

3. Understand the natural of natural hazards and communitv resilience

Damage State
Year built EE——
G — .
Squarefeet /
Average Resilience Capacity g I I I
B -14.98--1.63 2 040
-1.63--0.30 2
-0.30 - 1.50 E 0.30
1.50-2.21 14
B 221-16.88 &
1000-year flood plain / flooded area (hatch) 0.20 I I
Major river stream
. ™ . . 0.00 I _
* Measure community resilience and social equality o Fdatnlpe Fisfow  RoolShpe Desgnving
Parameters
source: Hong et al. (2021) * Sensitivity of building safety to modeling

Measuring inequality in community resilience to natural disasters using

large-scale mobility data. Nature communications, 12(1), 1870. pararmekeese Audi (2024)
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R2D R2D does not meet your needs?
Extend it!

e Source codes are publicly available on GitHub.
* Most of the code is in Python and can be easily extended.

e Documentation available.

= 0 NHERI-SimCenter Q Type 7)o search + -

() Overview [J Repositories 63 () Discussions [ Projects (P Packages 2 People

NHERI-SimCenter

Follow

Popular repositories Top discussions this past month

Discussiens are for sharing announcements,
creating conversation in your community,
Probabilistic Estimation of Losses, Injuries, and Community resilience DL-based Building Information Modeling (BIM). answering questions, and more.

Under Natural hazard events

pelicun Public BRAILS Public

Start a new discussion

@Python  Yras 20 @ Jupyter Notebook ~ T¥ 28 % 33
People
TurbulencelnflowTool Public rWHALE Public
Adds input definition for turbulent inflow model to OpenFOAM files Framework for Regional Earthquake Simulation This organization has no public members.
You must be a member to see who's a part
®c Wi Wi ®ci W Yo of this organization
QuoFEM Public PileGroupTool Public Top languages
code for NHERI SimCenter quoFEM application. A desktop application An Application for Understanding Behaviour of Laterally Loaded Piles
to add UQ and Optimization routines to FEM applications @C++ @Python @ Jupyter Notebook
®ci 22 Was ®c tra Y20 SHTML @C

X NSF.NHERI?_%V
SimCenter nheri-simcenter@berkeley.edu
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REGIONAL RESILIENCE DETERMINATION (R2D) TOOL (LATEST VERSION 3.0.0)

B0 sure 10 update to this new version as older versions willnot run at DesignSafe duo to changes n the

backend.

e appicatanis versatity when 1 comes to assembing simuiaton

Read the R2D Application Summary (V3.0.0)

Examples:

48,69 Taunom

49,610 Regional

-I - AR e s

-
= =

E Downiosd Avp

Tool Training Workshop: Feb 11, 2022

Software Insights:
Current Capobilties
Future Plans

How to cite:

https://dol.or/10.5281 /zenodo. 7946803

| NHERI GSC

Graduate Student Council

VAY
44



The SimCenter Team

Directors
Matthew DeJong
Gregory G. Deierlein

Senior Management
Frank McKenna
Matthew Schoettler
Adam Zsarnoczay

Co-Pls
Ahsan Kareem
Laura Lowes
Satish Rao

Communication & Support Staff
Grace Kang
Corinna Fong
Erika Donald

NSF.NHERI'”?ZV
| SimCenter

Developer Team
Aakash Bangalore Satish
Sang-ri Yi
Justin Bonus
Barbaros Cetiner
Noam Elisha
Abiy Fantaye Melaku
Sina Naeimi Dafchahi
Jinyan Zhao
Fei Pan
Stevan Gavrilovic

Faculty Domain Experts
Pedro Arduino
Jack Baker
Jonathan Bray
Henry Burton
Joel Conte

nheri-simcenter@berkeley.edu

Faculty Domain Experts cont.

Rachel Davidson
Sarah DeYoung
Ann-Margaret Esnard
Dimitris Giovanis
Cathernie Gorle
Sanjay Govindjee
Andrew Kennedy
Tracy Kijewski-Correa
Patrick Lynett

Peter Mackenzie-Helnwein
Michael Motley
Michael Shields
Kenichi Soga
Seymour Spence
Ertugrul Taciroglu
Alexandros Taflanidis
Stella Yu
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SimCenter - website https://simcenter.designsafe-ci.org

NHERI ©i DESIGNSAFEC]

A About ~  ResearchTools ~  Learning Tools ~  Testbeds ~ Backend Components ~  Knowledge Hub ~  Collaborate ~

REGIONAL RESILIENCE DETERMINATION (R2D) TOOL (LATEST VERSION 3.0.0)

The Regional Resilience Determination Tool (R2D) is a graphical user Interface for the SimCenter application framework Botmidid Avp D w nl
designed to simulate the regional impact of hurricanes and earthquakes. R2D advances the capabilties of the natural

hazards engineering community by facilitating the high-resolution assessment of disaster impact and risk on a regional

scale. Researchers can investigate disaster scenarios or perform a probabilistic assessment by considering a diverse

set of plausible events and propagate the uncedtainty in the hazard and the of the built D t t'
thvough the simuations. & ocumentation

The user interface of the R2D Tool facilitates importing and querying input data that describes the regional hazard and
the built environment and helps researchers with setting up and running the simulations either on their local computer or
Join the User Forum Conversation: -
at the HPC clusters available at DesignSafe. Once the simulations are completed, the main results are visualized in the S | m ce n te r Fo r u m
tool and detailed results are also available for post processing. + submit questions and get answers
+ provide user feedback

Be sure to update to this new version as older versions will not run at DesignSafe due to changes in the « post feature requests
backend. « submit bug reports

Several examples are provided to demonstrate the applicationls versatilty when it comes to assembling simulation
workfiows of various levels of complexity

REGIONAL RESILIENCE

+ E1-Basic HAZUS

- E2. WbOF Buling Response DETERMINATION TOOL (=20
« E3 - Physics-based Ground Motions SOCIAL SCIENTISTS AND
« E4 - OpenSeesPy FEM RECOVER] RCHERS

+ ES - Ground Shaking + Liquefaction
« E6 - ShakeMap San Andreas Scenario
+ E7 - Hurricane Wind + Water

« E8 - Hurricane Wind s s

oo

+ E9-Teunaml e et s e s

« E10- Site Response Analysis

See the Tool's Documentation for details on these examples.
Tool Training Workshop: Feb 11, 2022

R2D is built on the SimCenter's Application Framework, which presents opportunities for community development and
contributions to enhance simulation capabilities and tackle complex scientific questions in natural hazards research.
help expand the workflow capabilities with your contributions, contact NHERI-SimCente

berkeley.edu o join the Software Insights: u
Forum conversation.
Current Capabilities
Read the R2D Application Summary (V3.0.0).
Recent Updates

d

Future Plans
Examples: How to cite:

Frank McKenna, Stevan Gavrilovic, Adam Zsamoczay,
4.8.€9 - Tsunami 4.6. €7 - Hurricane Wind + Water 4.9.E10 - Regional Site Response Kuanshi Zhong, Wael Elhaddad, & Pedro Arduino
(2023). NHERI-SimCenter/R2DTool: Version 3.0.0
(v3.0.0). Zenodo.
1 Vi o https://doi.org/10.5281/zenodo. 7946803
| S Y

‘ ‘
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Subscribe to the
SimCenter Newsletter

NSF.NHER[?:&V
SimCenter nheri-simcenter@berkeley.edu

NHERI GSC Va¥

Graduate Student Council




Thank you!

Let’s connect ©
jinyan_zhao@berkeley.edu

SimCenter Github

NHERI GSC VA¥Y

duate Student Council

JERAC, | NSF NHERI 58 -
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Future Meeting Date

— September
3rd Friday of —— — ——— —
B B N .
every month R
at 11:00am T T 1

CST Il B B 1]
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National Science Foundation

The NHERI Network Coordination Office is supported by the National Science Foundation award CMMI2129782. Any statements in this material are those of

the presenter(s) and do not necessarily reflect the views of the National Science Foundation.
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https://nsf.gov/awardsearch/showAward?AWD_ID=2129782&HistoricalAwards=false
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