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Abstract
In recent years, it has become more widely known that the design objective of the US building codes (e.g.
ASCE 2010) is for buildings to be safe, but not necessarily to be functional or even repairable after an
earthquake. Many have begun referring to code-compliant buildings as “safe but disposal.” Several efforts
are underway to consider design requirements that are also focused on building reparability and
functionality, and the new terminology often being used is “design for Functional Recovery”. These include
efforts by the State of California such as Assembly Bill 393 [1,2], the federal government (through the recent
National Earthquake Hazards Program, NEHRP, reauthorization and direction to NIST/FEMA to look into
functional recovery standards), and efforts by local governments such as San Francisco [3].
This paper covers these recent efforts in the US to advance from a safety-only-based building code to a
building code that also explicitly considered building functional recovery in the building design process.
This paper also summarizes recent efforts to create those building code provisions using the FEMA P-58
analysis method for various functional recovery time goals (e.g. function within a week, within a month, or
with 6 months). This paper concludes by providing the current status of these developments in the US and
the charted next steps moving forward.
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1. Introduction
This short summary paper provides a brief overview of the overwhelming trends the past few years in the
United States, to begin looking at building design in terms of designing for post-earthquake function rather
than only designing for safety (collapse prevention). These are active efforts in the United States, so this
conference presentation will provide the most up-to-date and complete information on this topic.

2. Overview of Trends and Current Legislation in the United States
In recent years, in the United States, it has become more widely known that the design objective of our
building codes (e.g. ASCE 2016 [4]) is for buildings to be safe, but not necessarily to be functional or even
repairable after an earthquake. Many have begun referring to code-compliant buildings as “safe but
disposal.” Several efforts are underway to consider design requirements that are also focused on building
reparability and functionality, and the new terminology often being used is “design for Functional
Recovery”. These include efforts by the State of California in Assembly Bill 393 [1,2], the federal
government (through the recent National Earthquake Hazards Program, NEHRP, reauthorization and
direction to NIST/FEMA to look into functional recovery standards), and efforts by local governments such
as San Francisco [3]. The NIST/FEMA effort is currently working on a report on options for functionalrecovery-based design, which will be submitted to the U.S. Congress in the summer of 2020.
In parallel with this new awareness of what the building code is providing (and not providing),
analytical methods have now been developed to the point that engineers are able to analytically estimate
building damage and function through a building-specific engineering analysis. This was not possible 10
years ago. These supporting research efforts have occurred over the past couple decades (e.g. [5,6]) and
have coalesced with the 2012 release of the FEMA P-58 risk analysis method [7] and complementary
extensions for repair times and downtimes [8,9]. Enabling software tools are also now available to support
these engineering analyses [7,10]. Many in the Structural Engineering profession have been adopting and
vetting the FEMA P-58 and REDi technologies starting in 2014, with most large California Structural
Engineering firms now utilizing this new technology. This new technology has already been electively used
to design recent buildings to be resilient, with limited building closure time and limited repair costs after the
earthquake [11,12].
The above two recent developments (societal interest and new engineering technology) have created a
remarkable situation and opportunity. Structural Engineers now have the technology to predict building
damage and functionality, and they can use that information to iteratively design buildings to be better (e.g.
building functionality within weeks). Many levels of government are now making it clear that they desire
post-earthquake functionality and smoother recovery for their communities, rather than only safe (but
disposable) buildings. This societal need, coupled with new technology available to Structural Engineers,
puts our society in a good place to improve our building design practices and create more resilient buildings
and communities. This paper focuses on how such resilient design can be achieved, both electively for
individual building projects (which can start now and has already started), and through possible building
code updates to change future design of all buildings (which will require a consensus development process to
be completed to determine the building code changes).

3. Toward a U.S. Design Standard for Design for Functional Recovery
The next technical development step in this effort is to work toward a pre-standard for how structural design
can be done to meet functional recovery goals. This includes running thousands of resilient design studies
using the FEMA P-58 analysis method and then mining those data to determine prescriptive design
requirements that can be shown to achieve functional recover goals (e.g. building will be functional within a
week after a design-level earthquake).
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4. Summary and Next Steps
Technical development is ongoing, with the goal of having design recommendations for functional-recoverybased design available in September 2020. These findings and recommendations will be covered in the
conference presentation, along with more details about the associated legislative and policy efforts in the
United States.

5. Acknowledgements
This work was partially funded by the National Science Foundation through the Small Business Innovation
Research Program, by matching funds under award numbers 1519719 and 1632429.

6. Copyrights
17WCEE-IAEE 2020 reserves the copyright for the published proceedings. Authors will have the right to use
content of the published paper in part or in full for their own work. Authors who use previously published
data and illustrations must acknowledge the source in the figure captions.

7. References
[1] AB-393 (2019). AB-393 Building Codes – Earthquake Safety – Functional Recovery Standard, a bill of the
California State Assembly, introduced by Assembly Member Nazarian on February 6, 2019, available at
http://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB393 (last accessed 7/4/19).
[2] Williams, T. (2018). Functional Recovery and Seismic Vulnerability, Structure Magazine, November 2018.
[3] ATC (2018). “San Francisco Tall Buildings Study.” An Applied Technology Council project (ATC-119) for the
City and County of San Francisco, CA.
[4] American Society of Civil Engineers (ASCE). (2016). ASCE7-16: Minimum Design Loads for Buildings and Other
Structures, Reston, VA.
[5] Moehle J. and G. Deierlein. (2004). A Framework Methodology for Performance-Based Earthquake Engineering.
13th World Conference on Earthquake Engineering, Vancouver, Canada.
[6] Porter, K. A. (2003). An Overview of PEER’s Performance-Based Earthquake Engineering Methodology,
Conference on Applications of Statistics and Probability in Civil Engineering (ICASP9), Civil Engineering Risk
and Reliability Association (CERRA), San Francisco, CA, July 6-9, 2003.
[7] FEMA 2012, FEMA P-58-1: Seismic Performance Assessment of Buildings, Applied Technology Council Project
58, Redwood City, CA.
[8] REDi 2013. Resilience-based Earthquake Design Initiative for the Next Generation of Buildings, Ibrahim Almufti
and Michael Willford, Arup.
[9] Terzic, V. and D. Yoo (2016). Repair Time Model for Buildings Considering Earthquake Hazard, 2016
Proceedings of the Convention of the Structural Engineering Association of California, pp. 562-571.
[10] Seismic Performance Prediction Program (SP3) (2019). © Haselton Baker Risk Group, available at
www.hbrisk.com and https://www.hbrisk.com/products/risk (last accessed 7/4/19).
[11] Hata, O.,et al. (2016). Emerging Concepts in Structural Design of Tall Buildings – Long Beach Civic Center, Los
Angeles Tall Buildings Structural Design Council Conference, May 6, 2016, Los Angeles, CA.
[12] Almufti, I., J. Krolicki, and A. Crowther (2016). The Resilience-Based Design of the 181 Fremont Tower,
Structural Magazine, pp. 42-46, June 2016.

3

