AVANCES RECIENTES

EN EL INCREMENTO DE LA
RESILIENCIA Y LA SUSTENTABILIDAD

peE LA INFRAESTRUCTURA
FisiCA EDUCATIVA

Del 24 al 26 febrero de 2021

Performance-Based Engineering Approach to
Design for Community Resilience

Gregory Deierlein
Stanford University

Bl Earth k =
i PEER Stanford | Blume Farthquake SimCenterys

Center for Computational Modeling and Simulation



Impetus for California’s School Safety

j 1933 Long Beach Earthquake
o |  March 10, 1933 at 5:54 PM

e Mw 6.4 (Mercalli intensity VII)
e 115 fatalities

Damage to Schools
e 70 destroyed
120 major damage

e primarily unreinforced masonry
* one student fatality




Legislation for California’s School Safety

April 10, 1933 - Field Act: regulates public school
construction, with higher design and Q/A standards

1939/1968 - Garrison Act: requires review/retrofit of
pre-1933 schools, by 1977

1967/1976 Geologic Hazards Legislation: requires
geologic hazards studies for new schools, prohibits
construction within 50 ft of geologic fault

1999 Assembly Bill 300: requires inventory of
potential “at risk” school buildings, built before 1978
(excluding wood framed buildings)

Retrofit of “at risk” schools is largely left to local (city)
jurisdictions to develop programs and raise funds




Progress and Gaps in California’s School Safety

California School Buildings, K-12
(square feet of floor area)

6%

14% OLess vulnerable (27 million

square feet)

M More vulnerable (65 million
square feet)

OWood frame (not considered)
(379 million square feet)

80%

Statewide Survey of Schools (Dept. of General Services, 2002)

San Francisco San Francisco
Public Schools Private Schools

Buildings whose characteristics
indicate they might perform poorly
in future earthquakes

Buildings whose characteristics
. indicate they are likely to perform
well in future earthquakes

Buildings for which there is not
enough information to determine
likely seismic performance

88%

N
N

Earthquake Risk and San Francisco’s Private Schools (2013)
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\Sc\h:ols shall be URM Free by 2033

RI Policy Position

Tokeep studeqts safe,

earthquake hazard.

school buildings must be “URM free by 2033 in regions with high and model

Background
During the early t
school buildingswe
out of unreinforcq
structural type ha

Schools shall be URM Free by 2033
Adoption date by EERI Board of Directors: September 20, 2016

vulnerabilities to earthquake ground shaking.
URM buildings have collapsed or suffered
major damage in numerous earthquakes in
the United States and throughout the world,
leading to many casualties.

In particular, the risk posed by school
buildings was brought to public attention in
the 1933 Long Beach earthquake in Southern
California, where more than 230 URM school
buildings were either destroyed, suffered
major damage, or were judged unsafe to
occupy following the earthquake (Fatemi
and James, 1997; CSSC, 2007). More than
80 years after this earthquake, many school
children in the United States still attend
school in these dangerous buildings.

Public school buildings share seismic
deficiencies common to other buildings
of the same structural types in the same
setting, but several considerations set school
buildings apart from their peers in terms of
priority for seismic assessment and retrofit:

* Schools are the

public buildings other than prisons

be inside them.

Jefferson Junior High School in Long Beach, California, destroyed
by the March 11, 1933, earthquake (source: USGS, 1993).

only high-occupancy

View of John Muir School, showing damage from the March 10,
and courthouses whose occupants 1933 Long Beach earthquake. Located on Pacific Ave. in Long
are compelled by legal mandate to Beach, California. Photo taken 8 days after, on March 18, 1933.

(photo: W.L. Huber, source: USGS, 1993).

Earthquake Engineering Research Institute 1 www.eer.org




Performance-Based Framework

To transform earthquake engineering assessment and design ...

Traditional Approach Performance-Based

e Non-scientifically defined e Scientifically-defined seismic

seismic hazard hazard
)

e Indirect design approaches e Direct design approaches

e Undefined and uncertain e Defined outcomes with
outcomes probabilities of achieving them



Performance-Based Framework

 Collapse & Casualties
* Direct Financial Loss

* Downtime
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Performance-Based Framework

* Collapse & Casualties

e Direct Financial Loss I— DV
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Performance-Based Framework

FEMA P-58 (2012) Performance Assessment of Buildings

Provides a methodology, basic building information, response
guantities, fragilities and consequence data to evaluate the

seismic performance of buildings

Procedures are probabilistic

Seismic Performance Performance metrics:
Assessment of Buildings ] )
Volume 1 —Methodology - Ilfe safety rlsks
S - direct economic losses
- downtime and indirect losses

Recommended Use —
v Evaluate performance of new and existing buildings
v Provide the basis for performance-based design of new buildings and retrofit of existing buildings



lllustrative Application



Wood-Frame House Risk Mitigation

Napa Earthqua';e, 014

Economic Benefits/Incentives of Foundation Wall Retrofit
d# PEER CEA%Z S5



Wood-Frame House Risk Mitigation

Damage Ratio
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==Claims Data (1976 - 1985)
- Fitted Mean

+ Claims Data (1976 - 1995)
1 -RawData

"+ HAZUS w/def|  HAZUS vulnerability (loss) functions
AL | are empirically determined using
HAZUS post-earthquake damage and
baseline insurance claims information
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Limitations to “The Law of Averages”
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Wood-Frame House Risk Mitigation

Building Variants

Existing Retrofit

Hazard Curve

A[IM]

IM =Sa(T) ™"

Welch/Deierlein 2020
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Exterior Material \ Shear Spring Model
Springs ¥ (OpenSEES)

EDP Response and Collapse Fragility
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FEMA P-58 Loss Assessment

Loss

| IM

Define Damageable Inventory

- Exterior wall material
- Interior wall material
- Number of interior walls

Assign Damage Fragilities
and Consequence Functions

. $8|DS

Estimate Seismic Performance

10 Cripple Wall Caves: Totsl Regale Cont v Iatensity

| CALIFORNIA
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Wood-Frame House Risk Mitigation

One-Story, 2ft Cripple Walls, San Francisco Site
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Welch/Deierlein 2020
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Computational Workflow Components

CURRENT (e.g., HAZUS)

Empirical Models

Census Block Inventory

index \

distance
attenuation relation

damage

index
fragility curve

l

. estimation

GOAL

Direct Simulation
Detailed Inventory
Multiple models

12

ref. M. Hori, Univ. of Tokyo



Computational Workflow Components

DESCRIBE DESCRIBE
ASSETS HAZARD

OpenSource

The SimCenter Application Framework

UNCERTAINTY QUANTIFICATION

pre- post-
processor . processor

MODEL ESTIMATE :
ESTIMATE ~ SIMULATE
ASSETS DAMAGE
RESPONSE " RECOVERY
& EVENTS & LOSSES

()

SUPPORTING DATABASES external data

Multi-Fidelity :: Multi-Hazard

SimCenters%s

Center for Computational Modeling and Simulation



Workflow Component: Inventory Development

Building Feature Identification using Al-enabled Evaluation of Images

City of Interest

Metadata collection

BIM For Individual Bldgs.

Uncertainty Quantification
(SURF)

Regional-scale Building
Inventory

ey
| CNN . s :
! a rT“ e A/ suRF
Ral= <=, /' simCenterss |

MODEL ESTIMATE |
DESCRIBE DESCRIBE ESTIMATE -
ASSETS HAzArRD LEHE RESPONSE LELIYS

& EVENTS

Wang



Workflow Component: Damage & Consequences

gv  Multi-Hazard

HAZUS EQ
potable water

* Multi-Fidelity
Q@O0

eff|c|ency ¢ M u Iti'sySte m

PELICUN Library

(PROBABILISTIC ESTIMATION OF LOSSES, INJURIES, &
COMMUNITY RESILIENCE UNDER NATURAL DISASTERS)




Workflow Component: Recovery and Resilience

Residential

i Analysis
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San Francisco Bay Area M7.0 Earthquake Testbed

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

Parcel-level inventory enhanced by Al tools

Building Evaluations
- HAZUS building configurations
- OpenSees MIDOF (story shear) models
- 25 pairs of ground motions
- HAZUS story-level damage functions
- modeling uncertainty

* DesignSafe HPC (Stampede2)

- 16 hr runtime on 12,800 cores

1.84 M buildings
M7.0 Hayward scenario

10.0%

Mean Loss Ratio

5.0%

2.5%

0.5%
0.1%
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San Francisco Bay Area M7.0 Earthquake Testbed

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

10.0%

Mean Loss Ratio

o
o
xR

2.5%

SimCenter Simulation® = USGS HAZUS (2018)
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San Francisco Bay Area M7.0 Earthquake Testbed

High Resolution Modeling: Parcel-level resolution enables unprecedented
guantification of engineered interventions for policy level decisions
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SF Downtown Recovery

Structural System

B Steel Moment Frame

I RC Shear Wall (with or without dual system)
[ steel Braced Frame

ARl e &° - § RECOVERY TARGETS FOR SAN FRANCISCO

TALL BUILDINGS

STUDY ™

B onesF ™5 AT
- Adapted from The Resilient City, SPUR 2009

Months

4 36 | 36+

COMMUNITY FUNCTIONS

All residences repaired,
replaced or relocated

X

95% neighborhood retail
businesses open

X

0 dh 4
X

50% offices and workspaces open

Non-emergency city services

X

All businesses open ‘




SF Downtown Recovery
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Tall Building Inventory
* 69 “Pre-Northridge” Steel Moment Frame Buildings (>75 m tall)
 Significant portion of SF’'s downtown commercial office space

Hulsey/Yen/Deierlein 2018



SF Downtown Recovery

Impact of Tall Building Cordons:
Emergency Response

Neighboring Buildings
Recovery/Reconstruction
Downtown Economy

I Buildings > 240ft

[ Fall Shadow
Critical Facilities

™ @ Fire Department 100
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| ® Police 8 %‘- 80
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£% .| Commercial Office Space
o o 20
O
0 T T T T T T
0 200 400 600 800 1000 1200

Hulsey/Yen/Deierlein 2018

Days after the earthquake
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SF Downtown Recovery

800 o o et
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Decision Variables: 0 5-95th percentile £ -
* repair time until functional 5 600 T A
 cordon triggered (Y/N) o
* repair time until stable £ 400
= 1
= ! z
g
X ) tfunctional & 200 i
o
Aol dv; = § TTcordon =
»—Xf—xf—-\ 0 - Mot — .
' Lstable 0.0 01 0.3 04
**\Wl\v"ﬂ ’ Shaking Intensity, [g]

v(DV) = Jff G(DV|DM)| dG{DM|EDP)|dG{EDP|IM)dA(IM)

Hulsey/Galvis/Baker/Deierlein 2020




SF Downtown Recovery

1961_,_253 _story Steel Moment Frame
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SF Downtown Recovery

REDi (2013)

Financing Repair

Eni. Mobilization Permitting
Contractor Mobilization
E Max ImEedini Factor

Cordon

23 weeks
30 weeks
54 weeks

Total Downtime
54 weeks
Impeding Factors Cordon
2 4 6 8 10 12
Months after the earthquake

0

El Resolving impeding factors
B Waiting for cordon removal
Repair initiated
Open, functionality restored

1 Cordon perimeter

12 months

Hulsey/Galvis/Baker/Deierlein 2020



SF Downtown Recovery

Il Resolving impeding factors
B Waiting for cordon removal
Repair initiated
Open, functionality restore:

[ Cordon perimeter

RECOVERY TARGETS FOR SAN FRANCISCO
4 months 12 months onths

4 | 36 |36+
50% offices and workspaces open " X

100+

community days lost, 1t year

100

80 80 A

35%
44%

If repairs started
60- immediately 60

With impeding factors

40 40 50% occupancy

contributions
20 {to Ist year
losses

Expected functionality over time,
with impeding factors
and cordons

201

Functional Office Space
[% of pre-event space]

Functional Office Space
[% of pre-event space]

0 200 400 600 800 1000 1200 1400

0 200 400 600 800 1000 1200 1400 Days after the earthquake

Days after the earthquake

Hulsey/Galvis/Baker/Deierlein 2020



SF Downtown Recovery

Community Fuctionality

Days after the Earthquake

Repair Only Imp. Factors Cordons

Community Fuctionality

4 12 months
X X
Il R

Days after the Earthquake

Baseline Case Baseline Case

I — 4 O—@ 12 months Cordon Extent: 1.5H, REDi Impeding Factors
Mitigation Policies Mitigation Policies Mitigation Policies for Buildings = 240ft

L — or—— Contractors on contract

- W o— Engineers on contract

I — o— Buildings are insured

- @ o— All contingency plans are in place

L o— Retrofitted to modern code requirements

Cordon Extents Cordon Extents Sensitivity to the Cordon Extents

I — o—9 Radius reduced to 1.0H

I O—— @ No cordons (only impeding factors)
Impeding Factors Impeding Factors Sensitivity to Impeding Factors

I —— Reduced by 50% for all buildings

I @ o— None prior to building stabilization repairs

0 50 100 150 200 30 40 50 60 70 80

Community days
lost in the first year

Hulsey/Galvis/Baker/Deierlein 2020

Probability of
50% functionality



Technologies to Design for the Future

B
=
=
[

300,000 -

ha
2
2
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100,000 5

Mumber of buildings sustaining heavy damage

y - Predicted risk

Predicted risk assuming
increased quality of all
new construction

1990 1995 2000 2005 2010

Urban Growth & Evolving Risk

2020 2025

20%

EXPECTED
REDUCTION
IN 15 YEARS

Ref: D. Lallemant



Technologies to Design for the Future

Hi-Fidelity Multi-Hazard Component
Urban Planning Simulations Damage Models
and Growth The SimCenter Apptcation Framework Recove ry
\ UNCERTAINTY QUA 'TIFICATION o
S Modeling

POlicy DESCRIBE DESCRIBE :\\llonm_ ESTHATE EDSTlMATE "
Interventions/' AsseTs HAZARD & Evens RESPONSE AMAGE

& LOSSES i

Socio-Economic

Lifeline SUPPORTING DATABASES Im plications
Infrastructure _
Hazard EnV|ror-1mentaI and
Simulations Ecological Impacts

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



