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Outline

SimCenter Regional Workflow
Running the Anchorage Testbed



SimCenter Software

The SimCenter is providing a framework that will
enable workflow applications to be built that will
enable research in Natural Hazards engineering. The
framework will allowing researchers with different
applications to work together to build more powerful
applications. Applications to scale from individual
buildings to regional scale.
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describe the region
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describe the hazard
specify the regional distribution of ground shaking, wind, or water
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Damage and
Loss Estimation

describe regional damage and direct losses
aggregate damages and losses in the region considering dependencies

estimate indirect regional consequences

X describe regional consequences of infrastructure- and social disruption
Regional

Recovery
Simulation

simulate regional recovery
estimate the temporal and spatial variation in the recovery of communities




Backend Application:

Regional Workflow for Hazard And Loss Estimation

rWHALE Deierlein, Kareem, Conte, Deelman, Deodatis,
Kijewski-Correa, Taflanidis & Tien
Frank McKenna & Wael Elhaddad

Current Release V1.1 (Feb

Generic BIM Hazard 2019)
Analysis * Regional earthquake
workflow
e Various hazard

representations

Seismic

Seismic High
Detailed BIM Wave Fidelity
Propagation Model Future Release V2.0 (Sept

2019)
* Regional storm workflow
Multiple Selsmic Multiple * Initial version to consider
Fidelity Hazard Fidelity ASCE7 wind loading and
Y Analysis Modeling HAZUS type damage and
loss




[ JON J Untitled — Edited ~

flow — emacs Workflow1.json — 137x55

"Name": "Workflow 1",
"Author": "fmk",
"WorkflowType": "Regional Simulation",
"buildingFile":"buildings.json",
"Applications": {
"Buildings": {
"BuildingApplication": "UrbanSimDatabase",
"ApplicationData": {
"Min": 1",
"MaX":"lBSéOOdﬂ,
"parcelsFile":"/Users/fmckenna/NHERI/parcels.csv",
"buildingsFile":"/Users/fmckenna/NHERI/buildings2010.csv"
}
}l
"Events": [
{
"EventClassification": "Earthquake",

"EventApplication": "LLNL-SW4",

[:: | |
"ApplicationData": {
"pathSwW4results": "/Users/fmckenna/NHERI/Hayward7.0/",
for }
}

"filenameHFmeta":"/Users/fmckenna/NHERI/Workflowl.1/createEVENT/HFmeta"
]l

"Modeling": {
"ModelingApplication": "MDOF-LU",
"ApplicationData": {
"hazusData":"/Users/fmckenna/NHERI/Workflowl.1l/createSAM/data/HazusData.txt"

Regional
Earthquake
Simulation S

"UQ-Simulation": {
"UQApplication": "Dakota-FEM",
"ApplicationData": {}

}

H

"EDP": {
"EDPApplication": "StandardEarthquakeEDP",
"ApplicationData": {}

I
"Simulation": {
"SimulationApplication": "OpenSees",

g
"Damage&Loss": {

"Damage&LossApplication": "FemaP58-LU",

"ApplicationData": {
"filenameSettings":"/Users/fmckenna/NHERI/Workflowl.1/createlL0SS/data/settings.ini",
"pathCurves":"/Users/fmckenna/NHERI/Workflowl.1/createlL0SS/data/ATCCurves/",
"pathNormative":"/Users/fmckenna/NHERI/Workflowl.1/createlL0SS/data/normative/"

}

}

}

—uu-:%k—F1 Workflowl.json Top L11 (Fundamental)
Auto-saving...done



"Events": [

{
"EventClassification": "Earthquake",
"EventApplication": "LLNL-SW4",
"ApplicationData": {
"pathSW4results": "/Users/fmckenna/NHERI/Hayward7.9/",
"filenameHFmeta":"/Users/fmckenna/NHERI/Workflowl.1l/createEVENT/HFmeta"
}
}

1,
"Modelina": {

b
"Events": [
{
"EventClassification": "Earthquake",
"EventApplication": "SHA-GM",
"ApplicationData": {
"scenarioConfig": "./HayWired7.25.json"
}
}
]

I
"Modeling": {



Regional Workflow Testbeds to Verity rWhale

San Francisco Bay Area Testbed

Atlantlc Clty, NJ Storm Testbed

unup
Run Uanmtglo
LMWA '/ 3

Parcel level damage Sh
- 3,828red-tagged bwldlrzgs \
- 14.5% net buildings loss ratio




Real Importance of Testbed Workflows?

They Test the Interfaces of Framework for the Different hazards
They Provide Seed Data & Example Applications

Demonstrate Flexibility & Extensibility of Framework

Foster Collaboration

Provide Code For Research Applications

|Workﬂow I | KB_BE l | EVENT I |AI M l | DLI | Simulator l

, getBIM(nd)
I

RDT —C——)

EE-UQ
WE-UQ

PBE I

| | | : | :
Workﬂowl KB_BEI EVENTl AI_MI DLI Simulator'
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Workflow 1: Hayward 7.0 on Bay Area

Households Governments Businesses

Demographic Processes | | Land Use Reguiation || || Economic Procssses |

use plans - Economic structure

Aging
Household structure Growth management

Migration

Output goods/senvices
Inter-regional trade

[ Long-term Choices ‘ ] Transportation ] [ Long-term Choices |

Construction Rt | & R croe Fosomopm

period ;j,fg,__:
W oo- w7 ;“‘l'a_ , . }

i - 1 e Policy/Planning decision support:

| BRI :A N . . . X
T building losses & downtime in
M7.0 Hayward Fault 1.8 million buildings in SF Bay Area 2010 and 2040

Objective: develop and exercise a workflow to connect software models and systems on a
challenging computational model that engages a broad cross-section of NEHRI community

Ground Motions: 3D simulation, GM’s at 2km grid (Rodgers, Pitarka & Petersson)
Building Inventory: UrbanSim and DataSF Portal, geometry, age, occupancy

Building Analyses: OpenSees, simplified NL MDOF, FEMA P58 (w/Cheng & Lu, Tsinghua)
Visualization: UrbanSim and 3d Urban Polygon Modeling (Xiong et al., 2015)
Interpretation: UrbanSim; urban growth, damage/loss, displaced occupants/populatlign



Sample Input Data

Construction

peno PGA (m/s?)

— ?9;?1?‘1:961 . n.o-1.0

EH L0-20

1988 — 2015 Z.0-3.0

- B :o-1z2a0
Building Inventory — by Age Ground Shaking Intensity (PGA)
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High Resolution Results

* Parcel-level Data of Building Damage

San Francisco Oakland - Alameda

Opportunities to evaluate planning and policy decisions
(land use, retrofit, etc.)
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Sample Output Data

Building Demand Parameters

Loss ratio

B oo-o:z

0z -0.4
0.4 -0.8
0.6 —0.8

B os-10

Building Loss Ratio
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UrbanSim Output - Sample Results

Edit Layer Parcel Model

mtc ¥

\,%\;’\x‘/ VA A W MA L ] R S 47 NN

Q  search

o Z

Select data
Symbology Lakeside Park
Choropleth v
Field
Total displaced jobs 4

Displaced households accessible within 5 km along the auto street network
Displaced jobs accessible within 5 km along the auto street network
Displaced population accessible within 5 km along the auto street network
Mean age of unsafe buildings
Median repair cost ($)

Median repair time (days)
Number of unsafe buildings
Total displaced households
Total displaced jobs

Total displaced population
Unsafe building square footage
Unsafe historic buildings
Unsafe non-residential square footage

Ny a10usMET

Total displaced population
parcel earthquake indicators
L

Displaced Population in Residential Construction
(person/parcel; Oakland, Lake Merritt Area)



UrbanSim Output - Sample Results

I 1 I I I I I I
Ok 20k 40k 60k 80k 100k 120k 140k
Displaced households

Income Quartile
= w N -

T I I I
Ok 50k 100k 150k
Displaced households

Quantitative Statistics to Evaluate “What-If” Scenarios
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How Accurate Is IT?

Building damage
ratio—damage divided
by replacemend value,
expressed as a percent)
0

B <0.1%

\_\¥ S{ N'IT'IRA I >10% Ad
SAN FRANCISCO\ hé, s
_ ™
g A
s STAN
el 89 ” Z\ A CLARA
SimCenter Workflow USGS Haywired

If know area, to east of fault there are hills and no
construction! SimCenter Info at parcel level
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Anchorage M7.0 Nov 1018 Losses

Data for 97,421 tax parcels in the regional simulation

* Red Tags

Ay BN

CESMD AEC Synthetic
17



Buildings

 Tax data for 97,421 buildings/parcels was obtained
from Municipality of Anchorage public property
appraisal records

e Data was processed to obtain BIM

* 84435 buildings records were processed successfully
(78509 Residential and 7926 Commercial)

e 2000 building records failed processing (2.3%)
e 10512 Parcels were vacant or not buildings (e.g. parking
lots)

* Buildings locations were mapped to parcels
locations

e 400 Buildings with missing parcels locations



Buildings

* Buildings included in the regional simulation

1"

~ L. ~12,000

| /’ ‘ — buildings in
1 Eagle River
- ’. ; -

|

J
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Earthquake Records

* Event: Anchorage, Alaska Nov 30t 2018 »
earthquake
e« 7.0MW, 8:29:28 AKST, 61.340N
149.937W Depth 40.9 km
* Recorded ground motions were obtained
from CESMD (12 records) and Alaska il
Earthquake Center (12 records) ( & . g
2716(0.214 38(0.293 ) &5 B -'n
* Nearest neighbor search was .TT@‘X?Z‘W A
employed to map the ground motion B3 deomwz%gdwmmg)
records to buildings (5036(041293' | Cary - 0230y 7
 One record (PGA =0.81g) was . ity ,<5°2_?<°%?‘*?1
removed from CESMD website on . gAY o
Dec. 19t
W 6021(0'§~239)




Ground Motion Records

K223(0.27 9)
K223(0.27 g)

2716(0.21 gb 8038(0.29 9)

(8040(0.21 g) &205(0.26 g)
&209(0.19 g)
@026 ) §07081 9) K2040.18)  K208(0.26 )
@042(0.19 g)
§036(0.41 9) §030(0.29 9)
220(0.33 212(0.2 g)
§2200339) &211(0439) S
§027(0.47 9)
§037(0.36 g)
210(0.06 9)
&213(034 g)
&216(0.3 9)
CiftE 2| £2150.56 9)

Circles are records the strong motion center (CESMD) and Diamonds are records from Alaska Earthquake Center (AEC)



https://strongmotioncenter.org/cgi-bin/CESMD/iqr_dist_DM2.pl?iqrid=us1000hyfh
https://strongmotioncenter.org/

Synthetic Ground Motions

0.31g

9849

0.21g

0.11g

0.469

0.23g

0219

0.25g

D.53g

0.27g

0219

0.17g

0359

031g

9839

0.37g

0.35¢g

0.479

0.249

0.24q

0.19g

D.559

0.29g

0.229

0.169

0.369

0.31g

9-83g

0.37¢9

0.41¢g

0.259

0.41g

0.29g

0.19g

D559

0.13g

0.13g

0.39g

0.11g

D.53¢g

2269

0.379

0419

0.279g

0.44g

0.25g

0.209

0.469

0.13g

0.13g

0.44g

0.13g

D.53¢g

2269

0.249

0.419g

0.28g

0.459

0.25g

0.27g

0.13g

0.14g

0.14g

0.34g

0.11g

D.53g

Jl?g

0.249

0.409

0279

0.45g

0.269

0.29g

0.139

0.14g

0.14g

0.40g

0.11g

9.53g

}J4g

0.129

9729

0.25g

0.169

0.269

0.29g

0.13g

0.14g

0.149g

0.33g

0.269

D.53g

0.16g

0.129

J.6lg

0.25g

0.169g

0.269

0.28g

0.13g

PSOg

0.459g

0.289

0.289

D539

0.16g

0.099

0.40g

0.10g

0.16g

0.25g

0.30g

0.13g

PﬂQg

0.449

0.269

0.31g

0.43g

0.149

0.089

0.149

0.129

0.17g

J8lg

0.31g

0.36g

PﬁZg

0.459

0.18g

0.17¢g

0.47 g

0.15g

0.269

0.17g

0.14g

0439

2809

0.28g

0.35¢g

2839

249

0.23g

0.11g

0.21g

0.15¢g

0.25¢9

0.17¢g

0.149

0.45¢g

$-789

0.279g

0.33g

PﬁBg

649

0.17g

0.11g

0.20g

0.419g

0.269

0.279

0.15¢g

0369

709

0.26g

0.32g

PJSg

D.559

0.13g

0.11g

0.20g

0.40g

0.25g

0.21g

D519

0.32g

0.24g

0.38g

0.32g

0.41g

0.17g

0.13g

0.11g

0.18g

0.36¢

0.18¢

0.20g

D519

0.269

0.27g

0.37g

0.21g

0.12g

0.17g

0.14g

0.27g

0.22¢g

0.35¢

0.17g

0.19g

D.50g

0.26g

031g

0.38g

0.20g

0.12g

0.18g

0.19g

0.26g

0.20g

0.33¢g

0.17g

0.279

0.269

0.27¢g

0.34g

0.38g

0.21g

0.11g

0.17g

0.22¢

0.24g

0.19g

0.32g

0.16g

0.269

0.269g

0.30g

0.29¢g

0.399g

0.209

0.14g

0219

0.23g

0.24g

0.19g

0.329

0.25g

0.30g

0.31g

0.27g

0.25g

0.32g

0.24g

0219

0.189

0.22g

0.15g

0.18q

0.14q

0.23g

0.199g

0.23g

0.289

0.229

0.15g

0.249

0.21g

0.18¢g

0.21g

0.15g

0.17¢

0.13g

0.22g

0.18g

0.379

0.27g

0.22g

0.16g

0.249

0.21g

0.18g

0.21g

0.14g

0.169

0.13g

0.22g

0.189

0.38¢9

0.15g

0.23g

0.169g

0.18g

0.29

0.18g

0.25g

0.149g

0.25¢9

0.399

0.38¢9

0.199g

0.39g

0.169

0.28¢9

0.11g

0.17g

0.19g

0.12g

0.29¢g

0.13g

0.23¢g

0.37¢g

0.369

0.21g

0.269

0.169

0.27¢

0.109

0.16g

0.19g

0.12g

0.40g

0.05g

0.23g

0.37¢g

0.369

0.209

0.269

0.11g

0.23g

0.10g

0.15g

0.17g

0.13g

0.35g

0.05g

0.24q

0.33g

0.37¢g

0.209

0.22g

0.09g

0.21g

0.21g

0.15g

0.27g

0.12g

0.27g

0.05g

0.25g

0.36¢

0.33g

0.19g

0.24g

0.09g

0.20g

0.20g

0.14g

0.27g

0.12g

0.269

0.05g

PGA values at stations in Anchorage with synthetic records generated using the stochastic loading library
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Losses (CESMD Records)

e ~3828 buildings are red tagged (95% subjected to a

record with PGA =0.47g )
* Total repair cost $7.5 Billion
* Average loss ratio is 14.5%

=
.

T % el
; W \Cemdles el
e 'ﬂ%? o

o wg

Locations of red tagged buildings

Parcels color-coded by loss ratios




Losses By Year Built and Stories

Year Built (Seismic Design Total Count Red Tags
Level) (CESMD GM)

1973 — 2018 (High Code) 63332 3599
1941-1973 (Low Code) 20795 228
1899-1941 (Pre Code) 138 1

Total Count Red Tags Average RedTagged

(CESMD GM) | Area (Sqft) Average
Area (Sqft)

1 43845 148 2397 13161
2 39153 3674 2785 2838
3 1137 148 9666 14809
4 62 0 55411

5+ 69 0 99558
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Losses By Occupancy

Building Types Total Count Red Tags
(CESMD GM)

Residential - Single Family 56440 2076
Residential - Town house 4645 133
Residential - Multi-Family 19096 1380
Office 1384 107
Hotel 117 21
Industrial 107 4
Retail 2350 91
Mixed-use Residential 13 0

Mixed-use Office 40 2



Losses

* Losses

* Red Tags

Ground Median Repair | Red Tags Average Loss
Motions Ratio

CESMD
AEC
Synthetic

7.5 Billions
6.9 Billions
4.2 Billions

3828
6858
9330

14.5
11.8
10.4

ANCHORAGE

‘A .

g T e ‘.
.‘*"“%-‘. N LR e .. :.

CESMD

AEC

. »'

AN 4099%

B I

Synthetic
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Actual Losses

* Losses reports

* With reports of damage growing after the quake and aftershocks, inspectors with the
city of Anchorage have identified more than 750 homes and buildings that suffered
substantial damage, said Don Hickel, the city of Anchorage’s lead structural inspector, on
Friday. Another 900 buildings sustained minor damage. And the list keeps growing.
About 740 more homes and buildings await inspection.. The state has received more
than 6,000 requests for help primarily from people reporting damage to homes.

* USGS Incident Journal (Hazus)

* 5 Red Tags and 252 Yellow Tags
e S1.7 Billion Economic Loss

https://www.designsafe-ci.org/community/news/2018/december/spearheading-
reconnaissance-alaska/

https://www.adn.com/alaska-news/anchorage/2018/12/30/the-tally-of-anchorage-
buildings-significantly-damaged-by-the-quake-surpasses-750-and-counting/

https://fema.maps.arcgis.com/apps/Maplournal/index.html?appid=637ac220386e4e0f8728f0b2ee3d82be
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Running An Anchorage Testbed

e Datasets on DesignSafe-ci

° Softwa re on G|thub Not Needed by You Today

* Agave App rWhale at Designsafe-ci



Datasets available on DesignSafe
DataDepot/CommunityData

DESIGNSAFE-Cl 92V

NHERI: A NATURAL HAZARDS ENGINEERING RESEARCH INFRASTRUCTURE

&)

Research Workbench v Learning Center v NHERI Facilities v+ NHERI Community v+ About ~ Help ~ Search Det
DATA DEPOT  fina i Communty e a oo | e | oy | e
ind in Community Data Rename Move Copy Preview Dowv
e Main / SimCenter / Datasets / AnchorageM7
Name Size Last modified
My Data
[ AnchorageBuildings.zip 1.3 MB 1/31/19 4:38 PM
My Projects
AnchorageM7.0.json 1.7 kB 1/31/19 4:37 PM

Shared with Me
[ AnchorageM7GMs.zip 4.5 MB 1/31/19 4:35 PM
Box.com
Dropbox.com
Google Drive

Published

| Community Data

Building Data, Motion Data & rWhale Input File for Regional Earthquake



Software on Github

Pull requests Issues Marketplace Explore

L] NHERI-SimCenter / rWHALE ® Unwatch~ 5 % Star | 14 ¥ Fork 15
<> Code Issues 0 Pull requests 0 Projects 0 Wiki Security Insights Settings
Framework for Regional Earthquake Simulation Edit

Manage topics

P 160 commits ¥ 1 branch © 3 releases 422 8 contributors &= View license

Branch: master v New pull request Create new file = Upload files = Find File Clone or download ~

JL. el7addad Merge pull request #40 from el7addad/master - Latest commit @5b9b59 on Mar 12
i Pegasus Added Agave/Wrangler helper script 8 months ago
i Workflow Changes necessary for 1.1.0 release 4 months ago
i build Adding a build folder 9 months ago
i common Changed createEVENT applications build to CMake 9 months ago
i createBIM updating CMakelLists; fixing a bug in ConcreteShearWall 5 months ago
i createEDP Fixes for building/running on both Window and Linux 9 months ago
i createEVENT Changes necessary for 1.1.0 release 4 months ago
M createLOSS Fixing Jansson calls for reading real numbers 7 months ago
I createSAM consider the seismic zone and structural type 4 months ago
W env Fixing windows build 9 months ago
i finalProcessing Fixing Jansson calls for reading real numbers 7 months ago
B include/nanoflann Moved nanoflann to include folder 11 months ago
i performSIMULATION Fixing OpenSeesSimulation.py issues on unix systems 5 months ago

i performUQ Fixina DakotaFEM issues in Unix svstems 5 months aao



LICENSE — open source BSD

This software in source and binary forms, are copyright "The Regents of the University of California" and are licensed under th
BSD 3-Clause License

Copyright (c) 2017, The Regents of the University of California

All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

* Neither the name of the copyright holder nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER

FAALIAFA ARIR AL AR TIHIFARVY, AN 1L TARTI TTV LOIFTIIrS TAL AAMTRA ST FTRTAT L TARTI TTV



Building Instructions for Linux &
Windows

Building the source code on Unix-like systems

Before building the workflow, the following dependencies will need to be installed:

1. GNU Compiler Collection (gcc & g++ ) version 4.8.1 or newer.
2. GNU Make.
3. CMake

This repository uses CMake for the build process. The general instructions for building the workflow application is as

follows:

1. Install the dependencies using Conan (note that adding the simcenter remote is only needed once)

conan remote add simcenter https://api.bintray.com/conan/nheri-simcenter/simcenter
conan install ..

2. Use CMake to generate the make files
cmake ..
3. Build the applications using the generated make files

make



DESIGNSAFE-C| 2V & [Fomren ]

NHERI: A NATURAL HAZARDS ENGINEERING RESEARCH INFRASTRUCTURE

Research Workbench ~ Learning Center ~ NHERI Facilities ~ NHERI Community ~ About Help ~ Search DesignSafe Q

NORKSPACE

) Learn About the Workspace.

Simulation [8] Visualization [7] Data Processing [2] Y Partner Data Apps [5] Utilities [2] My Apps [3]
4

v

DATA DEPOT BROWSER RUN RWHALE .o 1.1.0

Select data source rWHALE: Regional Workflow for Hazard and Loss Estimation. This Agave application runs the regional earthquake workflow
j on TACC Stampede?2 using applications and data in DesignSafe Data Depot.

sneis sqor Y

My Data
& rWHALE Documentation
Browsing:
Inputs
fmk
File name Regional Simulation Data
@ Trash Select Click to select input data
@8 Anchorage

One or more data files used for the regional simulation in compressed form, these files are extracted inside the data

@8 applications folder
+ Add

8 apps

Workflow Configuration File
® archive Select | Click to select input data

This is the configuration file that specifies the applications and the data used for the regional simulation
& EE-UQ Number of Buildings to include in the Regional Simulation
@8 E|_Centro_Earthquake_Group_Data

This is the actual number of buildings to include, it can be less than the total number of buildings in the database

| Logging

Enable collection of logs

Job details




nstructions for running on
DesignSafe

. Download files from community data
. Review the files
. Create a directory at DesignSafe in Datadepot

. add 2 zip files, set input file & set rest of args
. Select RUN

1

2

3

4. Start workflow/simulation app rWhale
5

6

7. Wait till finishes and look at csv file



