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Outline

• Resilience (recovery)-based design - the latest and 
greatest in seismic design of buildings today

• Resilience – one size fits all?
• Building and infrastructure performance in the 

February 2023 Turkey earthquake sequence and 
other events

• The many steps towards resilience – retrofit example
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Resilience-based design
“The ability to prepare for anticipated hazards, adapt to changing conditions, and 

withstand and recover rapidly from disruptions” (NIST Community Resilience 
Planning Guide, 2016)
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• ATC was established as a non-profit 
in 1973 to speed up transfer of 
research to practice

• ATC’s mission is to imagine, 
develop, and promote the 
advancement of technologies to 
enhance societal resistance to natural 
and other hazards

1971 San Fernando earthquake
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(from FEMA P-2156, 2021  - slide from R. Kersting)

Timeline of U.S. Seismic Code Development

• URM, Non-ductile Concrete, Precast Concrete, Steel Moment Frames

• Soft story, Diaphragms, Out of plane wall anchorage, Nonstructural 
components

• Near-Fault effects, Next-Generation Attenuation, Soil-Structure Interaction

• Nonlinear Analysis, Seismic Isolation, Damping Systems
https://www.fema.gov/sites/default/files/documents/fema_bssc-35-year-retrospective.pdf
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FEMA P-58-7

Performance-based Seismic Design
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Functional Recovery

Recovery-based Seismic Design

https://www.fema.gov/sites/default/files/documents/fema_p-2090_nist_sp-1254_functional-recovery_01-01-2021.pdf 

FEMA P-2090

NIST SP-1254
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FEMA-NEHRP funded ATC-138 project 

Functional Recovery Methodology for Buildings

• Extending FEMA P-58 to assess function:

https://femap58.atcouncil.org/fr-methodology - slide from R. Kersting

https://femap58.atcouncil.org/fr-methodology
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2026 NEHRP Recommended Seismic Provisions

Potential Next Steps for Seismic Design of 
Buildings
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“ability to withstand and recover rapidly 
from disruptions” 

Recovery-based design 
of one building

Resilience of the 
community
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FEMA P-58-5: Expected Seismic Performance of Code-Conforming Buildings

How about existing buildings?

• Current codes and standards do not explicitly protect 
against economic losses nor target performance in 
terms of return of function
• 20-40% of modern code-conforming buildings 

projected to be unfit for occupancy following major 
earthquake for months to years (not days to weeks)

• 15-20% economically unrepairable

• Older buildings perform even worse

https://femap58.atcouncil.org – slide from R. Kersting

https://femap58.atcouncil.org/
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Annualized Earthquake Losses for U.S.

• Estimated AEL for US = $14.7B

• Estimated AEL for California = $9.6B

• Total estimated economic exposure = $107.8T
(more than 29% from California) 

https://www.fema.gov/sites/default/files/documents/fema_p-366-hazus-estimated-annualized-earthquake-losses-united-states.pdf

What does the Public expect?



Resilience – one size fits all?



Historical seismicity <M5.5 since 1900



Istanbul Technical 

University

Türkiye Ministry of 

Strategy

NSF-funded StEER 

and EERI
NSF-funded GEER 

and EERI

EEFIT



Antakya



Kahramanmaraş from Google Street View (by A. İrfanoğlu)



Kahramanmaraş (by A. İrfanoğlu)



Building performance



https://learningfromearthquakes.org/2023-02-06-nurdagi-turkey/ 

https://learningfromearthquakes.org/2023-02-06-nurdagi-turkey/


Koroglu et al., 2024, Evaluation of the Structural Damage Caused by the 2023 
Türkiye Earthquakes in Light of the Design-Basis and Measured Ground Motion 
Intensities

50% collapse 
out of 12,000

50% collapse 
out of 65,000



Aydogdu, H.H. and Ilki, A., 2023, fib Symposium 2023
https://link.springer.com/chapter/10.1007/978-3-031-32511-3_90 

https://link.springer.com/chapter/10.1007/978-3-031-32511-3_90


https://www.nytimes.com/2023/05/04/world/europe/turkey-earthquake-
corruption.html

https://www.nytimes.com/2023/05/04/world/europe/turkey-earthquake-corruption.html
https://www.nytimes.com/2023/05/04/world/europe/turkey-earthquake-corruption.html


Re-occupancy



Kahramanmaraş (by A. İrfanoğlu)



Kahramanmaraş (by A. İrfanoğlu)



Who occupies the buildings?

Region Population
Total 
Buildings

Residential 
Buildings

Residential 
Constructed 
before 2000

Damaged

Kahramanmaraş 1.2M 240k 92% 33% 60%

Hatay 1.7M 410k 88% 45% 48%

EQ Region 
(11 cities)

14M 2.6M 88% 37% 34%

Government report March 6, 2023

Housing for 2.7M people affected in the region 
(Avg 3.5 persons per household)



Where did they go?



Where are they now?

• Tents -> Containers



https://www.aa.com.tr/tr/asrin-felaketi/adiyamanda-cadir-sinif-kuran-nuran-ogretmen-cocuklara-gonullu-egitim-
veriyor/2839082 

https://www.aa.com.tr/tr/asrin-felaketi/adiyamanda-cadir-sinif-kuran-nuran-ogretmen-cocuklara-gonullu-egitim-veriyor/2839082
https://www.aa.com.tr/tr/asrin-felaketi/adiyamanda-cadir-sinif-kuran-nuran-ogretmen-cocuklara-gonullu-egitim-veriyor/2839082


Rebuilding 850,000 residential units

Cost to owners:

• Subsidies

• Credit

• 10 year payment

Rebuilding “in situ”

• Preserving the community 



Function





City Hospital
built 2012







from EERI-GEER report



New Orleans 
September 1, 2021

A darkened New Orleans skyline on Monday, when most of the city was 
without power following Hurricane Ida. (Edmund D. Fountain for The 
New York Times)



“Many of the life-supporting infrastructure 
elements are not present, they’re not operating 
right now. 
So, if you have already evacuated, do not return.” 

“I can’t tell you when the 
power is going to be 
restored. I can’t tell you 
when all debris is going to 
be cleaned up and repairs 
made. But I can tell you is 
we are going to work hard 
every day to deliver as 
much assistance as we 
can.”

Louisiana Governor John Bel. Edwards:



San Diego Earthquake 
Planning Scenario 
(EERI-SD, 2020):

“Major supply pipeline 
ruptures along the fault 
are expected to leave 
the coastal communities 
west of the fault and 
south of La Jolla Shores 
completely without 
water for weeks to 
months.”



Retrofits lift all ships



Antakya
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San Francisco
1989 – soft-story damage
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As of November 14, 2023

San Francisco

• Over 4,500 soft-story 
buildings in San Francisco 
obtained a Certificate of 
Final Completion and 
Occupancy (CFC) for their 
retrofits

• this is 92% of all buildings 
subject to the program 

completed projects as of 2023 (SFDBI)
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Elsewhere in California

• Alameda

• Albany

• Berkeley

• Beverly Hills

• Burbank

• Fremont

• Hayward

City of Berkeley
279 retrofits completed (76%)

• Los Angeles

• Mountain View

• Oakland

• Pasadena

• San Leandro

• Santa Monica

• West 
Hollywood

City of Los Angeles
9,214 retrofits completed (75%) 
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(2008-2010)

ATC-52-2 Project

Participants:
• SF Department of Building Inspection
• SF Building Inspection Commission
• CAPSS Volunteer Advisory Committee 

with >40 attendees 

“A study never saved a life or 
prevented property damage – 
studies are only effective when 
their results and 
recommendations  stimulate 
actions that mitigate the effects 
and consequences of future 
disasters.”
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A Community Action Plan for Seismic Safety

Here Today -  Here Tomorrow
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The City and County of San Francisco
Earthquake Safety Implementation Plan 

(2012-2042)

2014-2024; Task A.3.a: 
Mandatory evaluation and retrofit 
of 3+story, 5+ unit soft-story wood-
frame residential buildings 
(Department of Building Inspection)

ESIP 
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“ability to withstand and recover rapidly 
from disruptions” 





Ayse Hortacsu
ayse@atcouncil.org

www.ATCouncil.org

mailto:ayse@atcouncil.org
http://www.atcouncil.org/
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