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SimCenter Overview
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SimCenteWNision
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Promise to NSF

ADevelop aropen-source computational frameworlor building scientific workflow
systemsto support decisiommaking to enhance community resilience to natural
hazardsn the face of uncertainty

ADesign a frameworlthat is sufficientlyflexible, extensible, and scalablso that any
componentof it can be enhanced to improve the analysis and thereby better meet
the needs of the community;

ASeed the frameworlwith enoughdata andinterfaces to existing simulation toolso
that it can be employed in the nederm;

ARelease tools/applications built using this freework that meets the computational
needs of researchers in natural hazards engineering;

AProvide an ecosysterthat fosters collaboration between scientists, engineers, urban
planners, public officials, and others who seek to improve community resilience to
natural hazards.
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SimCenter Framework
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SimCenter Framework

Regional Risk Assessment |r2p
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SimCenter Applications and Workflows

We develop applications that implement complex workflows, we validate
them with large testbeds, and make them publicly available to facilitate
research in regional risk management.
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??? Scientific Workflow Systems & Scientific Workflows ?*

Scientific Workflow SystemAn application that allows
users to build, launch, and monitecientific workflow.

DESCRIBE
ASSETS

Scientific Workflow: A scientific workflow is an
‘Hazaan automated workflow of applications in which
multiple applications are invoked following a
workflow description with applications started
and data being passedbetween the applications
by workflow managementsoftware that runsthe
workflow.
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UNCERTAINTY QUANTIFICATION

ESTIMATE
DAMAGE & LOSSES

SIMULATE
RECOVERY
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R2D (Regional Resiliency Determination Tool)

Application which allows users to createmplex workflows for regional simulati@nd
make thempublicly availablao facilitate researchin regional natural hazard risk
management. —— —

R2D: Resili Tool Login|

Select basemap: Legend
Topographic B + Ground motion grid points

>
> Selected Components
> User Ground Motions

UNCERTAINTY QUANTIFICATION

ASSET HAZARD ASSET & EVENT RESPONSE PERFORMANCE = RECOVERY
8l CHARACTERIZATION DESCRIPTION  REPRESENTATION ESTIMATION ASSESSMENT SIMULATION

SUPPORTING DATABASES
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Select Event

Hazard Selection

Site

Single Location
Latitude
Min: 61103
Longitude
Min: -160.019

R2D: Regional Resilience Determination Tool

Earthquake Scenario Simulation
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R2D: Regional Resilience Determination Tool
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Results

|% input.json

R2D: Regional Resilience Determination Tool

Regional Results Summary Disclalmer: The presented simulation results are not representative of any Individual building’s response. To understand the response of any Individual buliding, please consult with a professional structural engineer. The presented tool does not assert the known condition of the bullding. Just as It cannot be used to predict the negative outcome of
an Individual bullding, prediction of safety or an undamaged state Is not assured for an Indlvidual bullding. Any oplnions, findings, and conciusions or recommendations expressed n this material are those of the author(s) and do not necessarlly refiect the views of the National Science Foundatl
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?7? Initial Building Inventory ??

AExisting Datasets (San Diego County, New Jersey State, Washington State, ..)
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?7? Other Data/Missing Data/No Datasets ?7?

Eave Length

Roof Shape Roof Slope
Roof Height Window Area
Year Built Height First Floor
# Stories Occupancy Type

Roof Material

Soft Story?
Floor Area

Structural Type

: External Material
Foundation Type
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BRAILS: Building Recognition using Al at Large Scale

A It consists ofnodules.The modules will be applications that perform certain tasks
A It providesworkflow applications The workflows will combine modules to create inventories for different events,
e.g. Hurricane or Earthquake, considering level of simulation to be performed

City of Interest Machine Learning

Metadata collection BIM For Individual Bldgs.

Geocoding

Uncertainty Quantification

Satell_lte / Street Images (SURE)

Regionalscale Building
Inventory

F I .

| 4 Machlne Learnmg J i
: BBEdess )i / SURF |
e - D /7 SimCenter¥® |

ccccccccc
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CityBuildeApplication in BRAILS

# Import the module from BRAILS
from brails.CityBuilder import CityBuilder

# Initialize the CityBuilder

cityBuilder = CityBuilder(
attributes=[ 'softstory’', "occupancy’, 'roofshape’],
numBldg=19,
random=True,
place='Lake Charles, Louisiana',
GoogleMapAPIKey='put-your-key-here’)

O 0o NGOV B WN B

=
= ®

12 # create the city-scale BIM file
13 BIM = cityBuilder.build()
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?? Work to Identify Objects & Classify Images

AStudents, Postdocs, Faculty and Me
ACrowd Sourcing, e.g. zooniverse.org

for-disaster-preparedr 1] * @ (update

< c

& https://www.zooniverse.org/projects/simcenter/building-d

ABOUT CLASSIFY TALK COLLECT

450 much, volunteers!

TUTORIAL

ons one by one to draw shapes to
Iding parts. If there are multiple
an item, draw on every object you
‘ou can skip the image or a task if
bbjects to annotate or you are not
ecking the Tutorial and the Field
p right =>).

0 drawn

. ge (with or without door) o drawn
This is an example showing rectangles

annotated on chimneys, doors, stairs, and

windows. (not a garage door) 0 drawn
You are not asked to annotate the whole
building in this workflow but will be asked to
do it in another workflow. &

fow 0 drawn

0 drawn

Continue

<coecop

© You should sign in!

SWITCH TO DARK THEME
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?? Damage & Loss ?77?

pelicunis an opersource Framework for damage & loss

;ﬁg{ohoondsse estimatiy Estimate asset damage
it and its consequences
fragility models

DESCRIBE
ASSETS

DESCRIBE

HAZARD

. A Describe the asset, 3
correlation models : . 3o Mon  OUg
_ its response and fragilit) x g
population ‘ A Estimate P(collapse) e £
distributions : © | om0 E
b _ A Estimate damages g
fraglllty functlons A Estlmate Iosses DAM:::I:T:SSES
loss functions A Aggregate results sunias

The PELICUN Framework . .
Application Workflow
DAMAGE
RESPONSE ; MODEL L.
MoDEL ' precision
" UNCERTAINTY Ig
" QUANTIFICATION oy
PER:‘(:)RDI::NCE l @ @
efficiency

SUPPORTING DATABASES
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| evels of Precision

componentlevel window
similar toFEMA P58 methodology door

roof cover
LS roof framing
subassemblytevel - interior
structure frame
exterior wall

below first floor
foundation
building-level
e.g.HAZUS methodology
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Performance Based Engineering

Goal: Highresolution performance assessment under wind hazard
HAZARD ) RESPONSE W) DAMAGE > LOSS

vulnerability DECISION
@ function VARIABLE

INTENSITY fragility DAMAGE consequence
MEASURE function MEASURE function

. .. DEMAND .
estimation function

response N fragility I precision
PARAMETER

C

e ggoo

000

efficiency
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Data Management

UNCERTAINTY QUANTIFICATION

ASSET HAZARD ASSET & EVENT RESPONSE PERFORMANCE
CHARACTERIZATION DESCRIPTION REPRESENTATION ESTIMATION ASSESSMENT

SUPPORTING DATABASES

The SimCenter Application Framework

" RECOVERY

SIMULATION
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Data Management

UNCERTAINTY QUANTIFICATION

ASSET HAzARD ASSET & EVENT RESPONSE PERFORMANCE RECOVERY
CHARACTERIZATION DESCRIPTION REPRESENTATION ESTIMATION ASSESSMENT SIMULATION

=

=

INPUTDATA OuTPUTDATA

SUPPORTING DATABASES
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Data Management Overview

Input and Output data:
- Organization: 2D tables, keep them as simple as possible, but not simpler

- File Format: CSV for small, HDF5 for big data

- Storage:Currently, local computer and public, wdlased repositories
Introducing DesignSateased, publicly accessible databases in 2022

UNCERTAINTY QUANTIFICATION

ASSET HAzZARD ASSET & EVENT RESPONSE PERFORMANCE RECOVERY
CHARACTERIZATION DESCRIPTION REPRESENTATION ESTIMATION ASSESSMENT SIMULATION

=

=

INPUTDATA OuTPUTDATA

SUPPORTING DATABASES
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Data Management Overview

Internal data:
- Independent from input/output, parsers handle the mapping between them

- Organization: Nested dictionaries (keglue pairs)
- File Format: JSON
- Storage: Temporary, local computer

UNCERTAINTY QUANTIFICATION

ASSET HAzZARD ASSET & EVENT RESPONSE PERFORMANCE RECOVERY
CHARACTERIZATION DESCRIPTION REPRESENTATION ESTIMATION ASSESSMENT SIMULATION

=

=

INPUTDATA OuTPUTDATA

SUPPORTING DATABASES
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Data Management Overview

Supporting databases:
- Examples: event time histories, surrogate model parameters, fragility curves
- Format and organization varies, depends on the module used

- Storage:Currently, local PC, bundled with applications if possible, otherwise GitHub
Introducing DesignSateased, publicly accessible databases in 2022

UNCERTAINTY QUANTIFICATION

ASSET HAzARD ASSET & EVENT RESPONSE PERFORMANCE RECOVERY
CHARACTERIZATION DESCRIPTION REPRESENTATION ESTIMATION ASSESSMENT SIMULATION

=

=

INPUTDATA OuTPUTDATA

SUPPORTING DATABASES
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Data Management Overview

Input and Output data:
- Organization: 2D tables, keep them as simple as possible, but not simpler

- File Format: CSV for small, HDF5 for big data

- Storage:Currently, local computer and public, wdlased repositories
Introducing DesignSateased, publicly accessible databases in 2022

UNCERTAINTY QUANTIFICATION

ASSET HAzZARD ASSET & EVENT RESPONSE PERFORMANCE RECOVERY
CHARACTERIZATION DESCRIPTION REPRESENTATION ESTIMATION ASSESSMENT SIMULATION

=

=

INPUTDATA OuTPUTDATA

SUPPORTING DATABASES
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HighResolution Simulations

We focus ormparcellevel resolutionwith uncertainty quantification

(10K1M assets)

A0y NB I £ AT | (g AOB ¢4 moints
4 MB¢ 40 GBper output

Consider what outputs are needed before running #irulations ~ ‘"eomPressed

census tracts

f\‘ ‘
e

g
‘{"!

source data courtesy of USGS

$ SimCenteri®
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< General Table StructugAssetinventory

5 GONAOGdzGSEa b

N
>CU id Longitude Latitude PlanArea = NumberOfStories = YearBuilt =~ StructureType &= OccupancyClass = ReplacementCost Footprint
0 - -122.403859 | 37.796739 - 7752 - 2 1906 - C1 | COM4 - 1022488.8 | {"type":"Feature","geometry":{"type":"Polygon","coordi...
>CU 1 -122.419356 37.7996 3600 3 1931 w2 RES3 6843570.3 {"type":"Feature","geometry":{"type":"Polygon","coordi...
— 2 -122.398189 37.787105 28000 4 1906 RM2 COM4 3693200 {"type":"Feature","geometry":{"type":"Polygon","coordi...
3 -122.398362 37.787175 13840 2 1911 w2 COM4 1825496 {"type":"Feature","geometry":{"type":"Polygon","coordi...
j: 4 -122.400172 37.785631 9037 1 1900 RM1 RES3 1174810 {"type":"Feature","geometry":{"type":"Polygon","coordi...
5 -122.397421 37.787104 5400 1 1906 S2 COM4 712260 {"type":"Feature","geometry":{"type":"Polygon","coordi...
6 -122.400246 37.780976 5780 2 1924 CE IND2 497080 {"type":"Feature","geometry":{"type":"Polygon","coordi...
7 -122.402751 37.780061 7513 2 1957 w2 COM4 990964.7 {"type":"Feature","geometry":{"type":"Polygon","coordi...
8 -122.412386 37.761462 12400 2 1911 RM1 COM4 1635560 {"type":"Feature","geometry":{"type":"Polygon","coordi...
9 -122.391372 37.725431 6912 1 1988 S2 RES3 898560 {"type":"Feature","geometry":{"type":"Polygon","coordi...
10 -122.392001 37.725646 18000 1 1978 S2 RES3 2340000 {"type":"Feature","geometry":{"type":"Polygon","coordi...
11 -122.392967 37.723165 11250 1 1950 S2 IND2 967500 {"type":"Feature","geometry":{"type":"Polygon","coordi...
12 -122.39215 37.746711 6177 2 1950 S2 RES3 803010 {"type":"Feature","geometry":{"type":"Polygon","coordi...
13 -122.386738 37.740764 58613 1 1900 S2 IND2 5040718 {"type":"Feature","geometry":{"type":"Polygon","coordi...
14 -122.403477 37.743238 2919 1 1971 S1 RES3 379470 {"type":"Feature","geometry":{"type":"Polygon","coordi...
15 -122.406413 37.739028 8200 1 1951 RM2 IND2 705200 {"type":"Feature","geometry":{"type":"Polygon","coordi...
16 -122.395753 37.775788 40381 1 2007 W1 RES3 5552387.5 {"type":"Feature","geometry":{"type":"Polygon","coordi...
17 -122.376313 37.830222 1976 1 1900 RM1 RES3 256880 {"type":"Feature","geometry":{"type":"Polygon","coordi...
18 -122.392293 37.794553 7763 1 1936 RM1 RES3 1009190 = {"tvoe™:"Feature"."aeometrv":{"tvne":"Polvaon"."coordi...
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Attributes In Exposure Data

Based on experience with large testbeds in SF Bay Area and Atlantic County.

3{;“.«‘“‘ ; 1

San Francisea___ .

Atlantic City

San Francisco Bay Area, CA Atlantic CountyNJ

8 SimCentery




Attributes In Exposure Data

LU U

$ SimCenteri®

RoofShape

RoofSlope

RoofCover

MeanRoofHt

WindowArea

Garage

Terrain

AnalysisDefault

AnalysisAdopted

| aasSaaz2 NJdelinieht&ionh Y |

Roof classified into equivalent hip, gable or
flat

Slope of roof covering the majority of the
dwelling

Roof covering, specified only for residential
construction.

Mean height of roof system in ft

Percentage of walls defined by window
openings

Assessor-provided type of garage.

HAZUS-defined terrain classifications (x100)
based on LULC data

Defines the default level of fidelity for analysis

Defines the adopted level of fidelity for
analysis

Choices: Hip, Gable, Flat

Floating point number

Choices: 5701, 5702, 5703, 5704
Floating point number

Floating point number (decimal<1)
Floating point number

Choices: 3, 15, 35, 70, 100
Choices: 1, 2, 3

Choices: 1, 2, 3

excerpt from online documentation for Atlantic County testbed


https://nheri-simcenter.github.io/BRAILS-Documentation/
https://www.zooniverse.org/projects/simcenter/building-detective-for-disaster-preparedness

Attributes In Exposure Data

Rulesets based on design and population characteristics can help infer additional feat

HAZUS Building Attribute Rulesets - Wind - WSF1-2

Note: Defaults should be assigned to all WSF1-2 Buildings as defined below; then rulesets should be applied to override those defaults as informed by available data.

SWR - Secondary Water Resistance

Valid Entries yes, no Input Variable

Default no Input Variable Source

Years Ruleset Applies Ruleset Notes

YearBuiltNJDEP > 2000 Assign as a Random Variable (RV) Minimum drainage recommendations are in place in NJ (See belo
IF RoofShape = Gable OR Hip, SWR = yes (RV = 60%) data from NC Coastal Homeowner Survey (2017) to capture poter
IF RoofShape = Gable OR Hip, SWR = no (RV = 40%) Requirements: R903.4 Roof Drainage. Unless roofs are sloped to

R903.4.1 Secondary (Emergency Overflow) Drains or Scuppers: V
scuppers shall be provided where the roof perimeter construction
drains allow buildup for any reason.

1983 < YearBuiltNJDEP < 2000 IF RoofShape=Flat, SWR=yes This rule applies until 1984, for anything from 1983 or earlier,
ELSEIF RoofShape=(Gable or Hip) & RoofSlope <= 0.17, SWR=yes
ELSEIF RoofShape=(Gable or Hip) & RoofSlope (> 0.17 & < 0.33) & According to 903.2 in the 1995 CABO, for roofs with slopes betwe:
AvgJanTemp=Below, SWR=yes applied. In severe climates (less than or equal to 25 degrees aver:
ELSEIF RoofShape=(Gable or Hip) & RoofSlope (> 0.17 & < 0.33) & the 1995 CABO, roofs with slopes greater than or equal to 4:12 sh
AvgJanTemp=Above, SWR=no cemented together is considered to be secondary water resistance
ELSEIF RoofShape=(Gable or Hip) & RoofSlope >= 0.33, SWR=no underlayment of some sort, but the ruleset is based on asphalt shi

According to table No. R-803.4 in 1992 CABO, for roofs with slope

avarana in laniian/d Ana lavar na AN ~cAatad ranfinAa Ar rAaatad Alac

excerpt from ruleset description for wooden, singémily houses
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Attributes In Exposure Data

Rulesets based on design and population characteristics can help infer additional feat
HAZUS Building Attribute Rulesets - Wind - WSF1-2 e

Note: Defaults should be assigned to all WSF1-2 Buildings as defined below; then rulesets should be app ed to override those defaults as informed by available data.

SWR - Secondary Water Resistance

Valid Entries yes, no Input Variable

Default no Input Variable Source

Years Ruleset Applies Ruleset Notes

YearBuiltNJDEP > 2000 Assign as a Random Variable (RV) Minimum drainage recommendations are in place in NJ (See belo
IF RoofShape = Gable OR Hip, SWR = yes (RV = 60%) data from NC Coastal Homeowner Survey (2017) to capture poter
IF RoofShape = Gable OR Hip, SWR = no (RV = 40%) Requirements: R903.4 Roof Drainage. Unless roofs are sloped to

R903.4.1 Secondary (Emergency Overflow) Drains or Scuppers: V
scuppers shall be provided where the roof perimeter construction
drains allow buildup for any reason.

1983 < YearBuiltNJDEP < 2000 IF RoofShape=Flat, SWR=yes This rule applies until 1984, for anything from 1983 or earlier,
ELSEIF RoofShape=(Gable or Hip) & RoofSlope <= 0.17, SWR=yes
ELSEIF RoofShape=(Gable or Hip) & RoofSlope (> 0.17 & < 0.33) & According to 903.2 in the 1995 CABO, for roofs with slopes betwe:
AvgJanTemp=Below, SWR=yes applied. In severe climates (less than or equal to 25 degrees aver:
ELSEIF RoofShape=(Gable or Hip) & RoofSlope (> 0.17 & < 0.33) & the 1995 CABO, roofs with slopes greater than or equal to 4:12 sh
AvgJanTemp=Above, SWR=no cemented together is considered to be secondary water resistance
ELSEIF RoofShape=(Gable or Hip) & RoofSlope >= 0.33, SWR=no underlayment of some sort, but the ruleset is based on asphalt shi

According to table No. R-803.4 in 1992 CABO, for roofs with slope
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excerpt from ruleset script for WSR1buildings
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