& SimCenterbys

Center for Computational Modeling and Simulation

Simulated Motion  Applications with
SimCenter R2D for Regional Damage

Frank McKenna

(slides from: Greg Deierlein, Adam Zsarndczay, Barbaros Cetiner, Sangtri Yi, Pedro Arduino, Amin Pakzad
Jinyan Zhao, Sina Naemi,Nikola Blagojevic

NHERI SimCenter
UC Berkeley

2025 PEER LBNL Workshop on the Regional Scale Simulated Ground Motion Database (SGMD) for the San Francisco Bay A



Outline

SimCenter
BRAILS++ .
AR2D
ABay Area Testbed

Add a basemap: - =

OpenStreetMap ] ¢ = E.?
 Ground Motion Grid XLV A
¥ Buildings y, ]

" Open Street Map

Add selected assets to analysis list

Clear all selected assets \
(38K) Scale 11,332,544 3 g Magnifier 100% C Rotation 0.0° C ®epscizss? | @

T Ronstoemrswe GETomoenose S

Screenshot

NSF_NHERI".-E)A"
SimCenter




NSF NHERINational Hazards Engineering Research Infrastructure

JBIHERI is a nationwide, shared  -use network of facilities. It provides the natural hazards
research community with state -of-the -art research infrastructure | source: NSF

Three Grand Challenges:

1. Quantify the damaging characteristics of
earthquakes, windstorms , and associated hazardy
tsunamis, storm surge, and waves

NATURAL HAZARDS ENGINEERING RESEARCH INFRASTRUCTURE

SCIENCE PLAN . . .
2. Assessthe and thephysical vulnerability of civil
infrastructure and the social vulnerability of

communities
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3. Develop technologies and engineering tools to
design, construct, retrofit, and operate resilient and
sustainable infrastructure
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A Distributed Collection of Facilities

x  Experimental facilities (7),Cyberinfrastructure, Field Reconnaissance and Simulation Software
x  Current project period: 20142025; future initiative (20262035) under development
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Working Together
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SimCenter Vision (2016-present)
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adverse effects of natural hazards on the built environment
through a computational simulation framework
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Components of Computational Framework
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Add in Components to Framework for Uncertainty
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Enabling Different Workflows
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Modular Simulation Platform

an o te

TCIIIEIITY  Conncune Simutaton
Frontend with Graphical User Interface (GUI) Backend (Simulation Workflows) @ ﬁ
l UNCERTAINTY QUANTIFICATION
Userinputs  Input
i o l HazarD STRUCT. DaAMAGE Loss RECOVERY
Visualization Qutput AMNALYSIS ANALYSIS AMNALYSIS  AMALYSIS AMNALYSIS

™S Catalog of buitt-in {;5 STANDARDIZED DATA PIPELINE

models and datasets C(:} E:—}
5

AR | NST NHERI =5
@ ‘ SimCenter



Address Different User Levels
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Output
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Released TIER 1 Applications built from Framework
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Pelicun T Modular Damage and Loss Simulation
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Regional Testbeds for R2D

A Foster benchmarking , collaboration |,
and research with broader impacts

A Locations with rich historical data
from multiple nat. haz. events

A Generate and share inventories of
buildings, households, and lifelines

A Import or generate event information,
and simulate impacts and recovery

A Test surrogate models to incorporate
high-fidelity local-scale analyses

A Develop best practices to facilitate
rapid deployment of regional studies

SF Bay Area §
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NSF NHERI: Science Plan

To Simulate the effects of a natural hazard on the
Infrastructure & the community
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BRAILS++ “

ABuilding Regional Asset Inventories for Large Scale Simulations

PURPOSE.: Generate Asset Inventories for Regional Simulation
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BRAILS++ Streamlined Inventory Generation

Web Scraplng

/- OpenStreetMap 0 NSI ‘ Satellite v Streetview

Imputation
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atazias -
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Scrapers : Obtain Data from Public Datasets on WWW

Transportation Systems

K\ m p US Census TIGER/Lines
Building Footprints = |

National Bridge Inventory
OpenStreetMap Cé“ﬁ?ﬁs National Tunnel Inventory
Overture Maps Bureeu

OpenStreetMap
Microsoft Global Footprints @ J
N

FEMA USA Structures
Power Infrastructure

HIFLD
OpenStreetMap

Building Features d

NSI
FEMA Flood Zone
ASCE Hazards
USGS NLCD

You can also ingest user -specified building W
footprints and inventory data into BRAILS! S SimCentpy



Processors : Obtain Information from Images
ML Classification and Segmentation & Image Processing

(Optional)
model
retraining or
fine-tuning
Aerial and street-level Al-based automated
imagery feature extraction

High-fidelity inventories from Al models

@ SimCenter¥¥




ML-Based Bul

ding Attribute Prediction Capabilities

: Model
Approach Attribute Output version
Roof Type Flat, Gable, Hip 1.1.0
Roof Cover Shingles, Tiles, Metal, BUR, SPM 1.0.0
Image
Classification Occupancy Residential/Other 1.1.0
Construction Type Wood, Concrete, Steel, Masonry, 1.0.0
Manufactured
Number of Floors Integer 1.1.0
Object Detection
+ Post- Garage Yes/No 1.0.0
processing
Chimney Yes/No 1.0.0
Image Building Height Float 1.1.0
Segmentation
+ Roof Pitch Float 11.0
Image
Rectification Roof Height Float 1.1.0
+ Post-
processing First Floor Height Float 1.1.0
Window Ratio Total Window Area/Facade Area 1.1.0

NSFNHER] &5
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New Large Language Models are a game changer

@ Grounded-SAM

Vision Language Models Integrated BRAILS++
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Imputation: Predicting Missing Data: Imputation
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Inference: Predicting new features based on existing
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2. Algorithms for Lifeline Systems
e.g. utilizing household & roadway info for generating water, power
networks, etc. S Sorags
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R2D ?

ARegional Resilience Determination Application

R2D: Regional Resilience Determination Tool

Add a basemap:

OpenStreetMap

+ Ground Motion Grid &
(@ Buildings
" Open Street Map a8

Add selected assets to analysis list

Clear all selected assets
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R2D TIER 1 Desktop Application ?
eV Mlti-zad 5WF Uql né w1t WA

OGIS

Nlazard Events

5 W7 A fereLUf UZIJ

- IM
Hi-res FEM £ CFD Fragility Curves Surrogate models

Uncertainty Quantification _.@‘g_u..mgy r
BZD ‘N I e X imientrer


https://simcenter.designsafe-ci.org/research-tools/r2dtool/

Building Workflows 2
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System Performance
performance of a system AFTER the event

Water System Transportation System
ReWet(Sina Naemi) Residual Demand Model (Kenichi Sog

R2D: Regional Resilince Determination Tool cite | Login|

Disdlaimer: The presented simulation results are not of any individual e To understand the response of any individual building, please consult with a professional structural engineer. The
Regional Results Summary 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 necessarly reflect the views of the National Science Foundation.
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Recovery 34

Understanding resilience requires understanding the recovery of urban systems

A

Exist. Used in practice. In development. Used in research.
Robustness, Redundancy Recovery
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https://ibk.ethz.ch/the_institute/people/person-detail.MjUwMzMw.TGlzdC82OTQsLTEyODQ5NzcyMDg=.html

Simulating Recovery with Pyrecodes/iRe-CoDeS 35
Characterize and simulate component resource supply and demands over time
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https://nikolablagojevic.github.io/pyrecodes/html/usage/what_is_pyrecodes.html
https://ibk.ethz.ch/the_institute/people/person-detail.MjUwMzMw.TGlzdC82OTQsLTEyODQ5NzcyMDg=.html

Simulating Recovery with Pyrecodes/iRe-CoDeS 3
Simulate interdependencies through the flow of resources and services

- ':J e
Resource distri
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https://nikolablagojevic.github.io/pyrecodes/html/usage/what_is_pyrecodes.html
https://ibk.ethz.ch/the_institute/people/person-detail.MjUwMzMw.TGlzdC82OTQsLTEyODQ5NzcyMDg=.html

pyrecodes resilience assessment algorithm

assign component damage

for each recovery time step

update component state

distribute resources

recover components
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PyRecodesin R2D 3
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SimCenter Regional Testbeds

A Foster benchmarking, collaboration,
and research with broader impacts

A Locations with rich historical data
from multiple nat. haz. events

A Generate and share inventories of
buildings, households, and lifelines

A Import or generate event information,
and simulate impacts and recovery

A Test surrogate models to incorporate
high-fidelity local-scale analyses

A Develop best practices to facilitate
rapid deployment of regional studies

SF Bay Area §
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R2D  SF Bay Area Testbed “
g )

Multi -asset
Analysis

e.g. AThe buildings are
damage states. The nstiuctural damage would
dominate the economic losses. The repair costs
range from 1% to 7% of the total replacement
costs, and the repair time range from 1 to 20

days. o

source: htIps/7 W\MN.exascaEproject. ofgesearchproj e/eqsi hrl

Step 1 Step 2 Step 3
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What Workflows?
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Building Damage & Loss (1.35M bldgs.)

UNCERTAINTY
QUANTIFICATION

. [ . .
ASSET T3 | AZARD - MODEL ING=~ANALYSIS - D&L

DESCRIPTION = ;
rJI S .'FJI_

1. Surface Motions:

FEMAHazusLevel \/ ‘/

Capacity Spectrum Method

Transient Nonlinear MDOF Analysi ‘/

Transient Nonlinear Analysis, generic building models from D@

Surrogate @

2. Sub Surface Motions (Pedro Arduino, Amin Pakzad)

akowObNPRE
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FEMA HAZUS

Building Modeling

None

Building Analysis Method

ASSET

IMasEDP

UNCERTAINTY
QUANTIFICATION

.. -
DESCRIPTION 4 HP:ZARD MO_DELING ANALYSIS
) . -

5
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Capacity Spectrum Method

Building Modeling None

Building Analysis Method

Demand Spectrum Model

Moment Magnitude 7

Capacity Curve Model

Damping Model

Capacity Spectrum Method

HAZUS

Cao and Peterson (2006)

Cao and Peterson (2006)

ASSET

DESCRIPTION HA_ZARD
(] [

UNCERTAINTY
QUANTIFICATION

MODEL INGg,.. ANALYSIS

' peL

L
=
' RECOVER
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UNCERTAINTY

Nonlinear Dynamic MDOF Analysis s

Building Modeling

MDOF-LU
Hazus Data File
std deviation Stiffness:
std deviation Damping:
Default Story Height: (Optional)
This backend application used by this selection was provided by Prof.Xinzheng Lu, Tsil

(1) Lu X.Z.,McKenna F,Cheng Q.L.,Xu Z.,Zeng X.,and Mahin S.A.,"An open-source fran
36(2): 806-831.

(2) Lu X.Z.,Han B.,Hori M., Xiong C.,and Xu Z.,"A coarse-grained parallel approach for
Engineering Software,2014,70: 90-103.

ASSET
DESCRIPTION

¥ HAZARD - MODELING= ANALYSIS - D&L

Building Analysis Method

OpenSees
Analysis: Transient -numSubLevels 2 -numSubSteps 10
Integration: Newmark 0.5 0.25
Algorithm: Newton

ConvergenceTest: NormUnbalance 1.0e-2 10

Solver: Umfpack
Damping Model Rayleigh Damping
Selected Tangent Stiffness:  |nitial s
Mode 1: 1
Mode 2: 0
Analysis Script: (Optional) Choose

b o NSF-NHERI'an
X SimCenter



Sub Surface Motions: Site Response & DRM¢sub region)

Soil box
(non linear)

VW

wa

Pedro Arduino Amin Pakzad

Computed
Motion

WAV/AV

VAR

Beam element €2,

Discretized interaction
surface I'.

M\
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Recovery: (subregion)  ynpises “
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