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Performance-Based Framework

* Collapse & Casualties

* Direct Financial Loss

* Downtime

L Damage Measure ] DM

a

/ 1/

Engineering Demand
Parameter E D P

a

Intensity Measure I IM

L

Moehle/PEER

SimCenter ' I



Performance-Based Framework
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Computational Workflow Components

pre- post-
processor processor

The SimCenter Application Framework

UNCERTAINTY QUANTIFICATION

MODEL ESTIMATE
DESCRIBE DESCRIBE ESTIMATE " SIMULATE
ASSETS DAMAGE

ASSETS HAZARD RESPONSE "~ RECOVERY
& EVENTS & LOSSES

SUPPORTING DATABASES external data

OpenSource :: Multi-Fidelity :: Multi-Hazard
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Computational Workflow Components
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Computational Workflow Components

Internet SimCenter Apps
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Workflow Applications

q.-LEM . Coupling: Quantification of Uncertainties
O/ N\ 4 & Optimization with FEM

E EJ W HvdDOQ . Response of structure to natural hazard
effects: ground shaking, wind effects,
eV VvV IV : :

and surge/tsunami flows

PBE . Performance-based computations of

O /N 7 4 individual facilities to natural hazards

RDT Regional assessment of facilities and
systems to natural hazards to support

%v resilience decision making
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Workflow: Hazard
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Workflow Tesbed — Anchorage M7.1 (2018)

RDT lllustrate Post-Event Simulation w/recorded motions
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* Reference: StEER: Alaska Earthquake P-VAT joint Report, 2018 Source: Time Magazine, Image Credit: Marc Lester - Anchorage Daily News/AP
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Workflow Tesbed — Anchorage M7.1 (2018)
Anchorage M7.1 (2018) — sensitivity to GM estimates

: As Recorded Motions for M7.1 Event
Estimated Losses ! Y
ol UL S e i T g it bR
Repair Cost T s -y | N ;&’ﬁ':
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Buildings Hazard Modeling Losses A
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Generic BIM (Recorded)
NNGM B 7, :
) GM Stations Parcels Loss Ratios  Buildings Red Tags

+post-EQ inspections report > 750 homes/buildings suffered substantial damage; another 900 buildings
sustained minor damage. The state has received > 6,000 reports from people reporting damage to homes.
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Workflow: Estimating Response

Surrogate models for FEM
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Workflow Module — Surrogate Models
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Ground Motion Characteristics: Sa(T) intensity, Spectral Shape, Duration ...

Structural Analysis Strategies:
1. Multi-Stripe Analyses (GMs selected/scaled/matched to characteristic targets)
2. Site-Specific Adjustments to Incremental Dynamic Analyses (SAF-IDA)
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Workflow Module — Surrogate Models

Gravity System :f :
— 100 T .
Scory EDP: P ¥ .i F BRI IREE 8% 5 I 4 '
ﬁ::‘fsm E % 50 | P 3 1, @ "= on® 3': : i E 0.5
—f -4 - | 4
3 [ J e g on - ?00'7 | ’/ e 7 = @ 0.3
_ i ) ~ 0.6 | 7% — = 0.2
§ g 20 o1 om o & ™ - e & 0.5 /74 i =: - —— n
w y Z = S— -
- e A ] 0.4 |". - — - 0.1 4 >
g 10 o B § e en & » 0.3 W ' e = - e
. o 2t e— — 0.05 i
a 5F e e % . e o1 2 . 100 .o :
| — : 1
Concentrace 4 gl ¢ '/: "o * e ™ i %0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.08 0.1 D (s60) 2 9 05 et
hinge . s g S sec anatio
medmjﬂ . Target grid Selected records Aaxtosini ST (ot 51s )
g 1 - . - Conventional IDA EDP>edp: Sa(SaRatio, Ds)
3 0.6 1 1.5 2 2.5
SaRatio(0.4s,2s,68) 13
12-story SMF Grided Ground Motions = I Los Angeles
4 ] 2475-yr
10
9
Site-Specific Adjustment Framework for IDA (SAF-IDA) ealpal fo | 8
f,, Ds; 75 = 10 sec 5.23 7
* Compute IDA response using grided ground motion set 5 @ 6
T~ --SaRatio = 2.0, - 5
. . . / Ds; ;5 = 10 see
* Fit InSa-linear model for each EDP threshold of interest 7L i 4
L7 SDR,,,=0.03 3
. . . . . Lt - \
* Establish SaRatio and Ds based on site and Sa intensity ®0 01 02 03 04 05 06 07 08 09 1 f )
Sa (g) | SaRatio, Ds, 0 001 0.02 003 004 0.05
* Compute adjusted EDP’s (median, P(EDP>edp), etc.) _ Max. SDR (in/in)
P(EDP>edp|Sa,SaRatio, Ds) MSA vs SAF-IDA

SimCen'l'er W‘E%I Zhong, Chandramohan, Deierlein, Baker 13




Workflow Module — Surrogate Models
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Workflow: Damage and Losses

Multi-Fidelity Framework
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Workflow Application: PBE Risk Mitigation
PBE Application - Economic Benefits of Cripple Wall Retrofit
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Photo Credit: CEA SA [T=0.3s] (g)
Observations of cripple wall Limits to “The Law of Averages”
retrofit in 2014 South Napa EQ & PEER CEAZE::
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Workflow Application: PBE Risk Mitigation

Interior Malerial

Building Variants Stud Hement Define Damageable Inventory

- Exterior wall material
- Interior wall material
- Number of interior walls
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Workflow Application: PBE Risk Mitigation

Challenge: e
= Develop about 250 (125 pairs) of damage (loss) curves

= Entails ~¥110,000 nonlinear dynamic analyses and millions
of FEMA P-58 statistical damage/loss simulations

Retrofit )

Existing

I
@

Define building variant Define Loss Model — —
- Number of stories - Damage fragilities =—
Exterior material Construct OpenSEES Model Assign Site Hazard - Damageable quantities Eaa==|[lIE
Interior material - Nodes, elements - Hazard Curve - Repair cost functions IE
Roof weight - Material properties - Ground motions :
Site location
Crawlspace details l FEMA P-58 Loss Assessment

, Nonlinear Dynamic Analysis |—p (pelicun)

EDP simulations
Damage and cost simulations
Final performance metrics

Retrofit design (P-1100 Plan Set) [ r————(}————————————3¢3—————————————F—————— | Stucco
- Floorarea : Preliminary Model Analysis Structural Analysis Results Performance Results 1]

Determine weight class | Eigenvalue analysis - EDPs - Loss curves |

Site Seismicity (Sps) | Pushover analysis - Collapse Fragility - EAL |

Cripple wall height, tie-downs vs. | Story strength ratios - Displaced Shapes - Deaggreagated losses |

no tie-downs, T1-11 | /|

Determine required retrofit l Electronic Documentation J

Computational Workflow — BIM to OpenSees to Pelicun to Database

SimCenter{¥ FPEYITY (o T-GiE Welch and Deierlein
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Workflow Application: PBE Risk Mitigation
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SimCenter
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Workflow Testbed — M7.0 Hayward (SF Bay Area)

10.0%

M7.0 Hayward simulation (LLNL-SW4)
1.84 M individual buildings

Parcel-level inventory enhanced by Al tools

°
Mean Loss Ratio

Building Evaluations g
- HAZUS building configurations v
- OpenSees MIDOF (story shear) models
- 25 response realizations
- HAZUS story-level damage functions
- modeling uncertainty

* DesignSafe HPC (Stampede2)
1.84 M buildings l G5

- 16 hr runtime on 12,800 cores M7.0 Hayward scenario P

Simcenter w‘@ McKenna, Zsarnoczay, Ellhadad 20
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Workflow Testbed — M7.0 Hayward (SF Bay Area)

High Resolution Modeling:
Building parcel versus census block resolution of losses

10.0%

Mean Loss Ratio

w
o
=R
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SimCenter Simulation
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Workflow Testbed — M7.0 Hayward (SF Bay Area)

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

10.0%

\

Mean Loss Ratio
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0.5%
0.1%
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SF Downtown Recovery

v y Reference soil sites 1961, 25 story Steel Moment Frame -
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Influence of Tall Building Cordons on Recovery

If repairs started
immediately

With impeding factors
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Functional Office Space
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Simcen'l'er W‘E%I Hulsey, Galvis, Baker and Deierlein (support NIST)
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High Resolution Simulation of EQ Impact & Recovery

g

Modeling of Uncertainties and Correlations

Hazard (Ground Motion) Modeling
* EQ Rupture
* Geology/Wave Propagation

Mean Loss Ratio

5.0%

* Local Site (Geotechnical) Conditions

Damage, Direct Losses, Functional Impact
Building Characteristics (configuration, age, type, etc.)

o DR R
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| I A el il Ll ] = Recovery and Impact
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Extensible Workflow Framework

Hi-Fidelity Simulations Multi-Hazard Component
Urban Planning & Surrogate Models Damage Models
and Growth The SimCenter Appbjcation Framework Recove ry
UNCERTAINTY QUA‘ 'TIFICATION IVI Od e I i n g
Pol |Cy MODEL ESTIMATE
DESCRIBE DESCRIBE ESTIMATE ~ SIMULATE
|nte rve ntions / ASSETS ' HAZARD &A:::;:s RESPONSE : :::::s " RECOVERY

Socio-Economic
(Equity) Factors

SUPPORTING DATABASES

Infrastructure _
Environmental and

Ecological Impacts

Hazard
Simulations

Learn more at: https://simcenter.designsafe-ci.org/

SimCenter v I



