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Preface

In 2021, the Federal Emergency Management Agency (FEMA), in 

cooperation with the National Institute of Standards and Technology (NIST), 

completed the FEMA-NIST Special Publication, FEMA P-2090/NIST SP-

1254, Recommended Options for Improving the Built Environment for Post-

Earthquake Reoccupancy and Functional Recovery Time (FEMA-NIST, 

2021), which provided options in the form of recommendations, tasks, and 

alternatives for improving the built environment in terms of reoccupancy and 

functional recovery time.  Even before the publication of the FEMA 

P-2090/NIST SP-1254 report, there has been growing interest, momentum, 

and activity related to researching, predicting, and codifying reoccupancy 

and functional recovery times for buildings and lifeline infrastructure 

systems.  This has included ongoing work by FEMA, NIST, and others.   

In September 2021, FEMA awarded the Applied Technology Council (ATC) 

a task order (70FA6021F00000048) under its “Seismic Technical Guidance 

Development and Support” contract (HSFE60-17-D-0002), which included a 

task to plan and conduct a workshop that would serve to coordinate the 

various efforts related to functional recovery that are being undertaken at the 

local and national levels.  The FEMA-Sponsored Workshop on Functional 

Recovery is the result of this work.   

The purpose of this workshop was to advance the conversation around 

reoccupancy and functional recovery concepts using information from recent 

FEMA, NIST and other projects, and to identify and discuss ongoing 

activities and areas for potential future collaboration.  Attendees consisted of 

stakeholders involved in implementation of policy, research, and technical 

development activities centered around resilience and functional recovery, 

including engineers, non-engineering design professionals, researchers, 

owners/facility managers, building officials, code developers, and state and 

federal government entities. 

ATC is indebted to the leadership of the Workshop Planning Committee, 

including Ryan Kersting, Jonathan Buckalew, and Susan Dowty, who 

planned and conducted workshop activities, and to the support provided by 

the ATC-138-4 Project Technical Committee, including Ron Hamburger 

(Project Technical Director), Greg Deierlein, Curt Haselton, John Hooper, 
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Abbie Liel, and David Mar, and Working Group Members Jack Baker, 

Dustin Cook, and Jared DeBock, who participated in the development and 

presentation of technical information presented at the workshop.  

ATC gratefully acknowledges the ATC-138-4 Project Review Panel that 

attended the workshop, including Peter Morris, Jonathan Siu, and Steve 

Winkel, and the entire group of invited workshop participants for their 

contributions to workshop plenary and breakout discussions, especially 

Siamak Sattar, Nico Luco, Katherine (Jo) Johnson, Carlos Molina Hutt, 

Jakub Valigura, and Brian Meacham, who agreed to present their individual 

projects and perspectives in plenary sessions.  The names and affiliations of 

all who attended the workshop are provided in Appendix A. 

ATC also gratefully acknowledges funding provided by the Federal 

Emergency Management Agency, guidance and support provided by Michael 

Mahoney (FEMA Project Officer) and Robert Hanson (FEMA Technical 

Monitor), workshop logistical support provided by Bernadette Hadnagy 

(ATC), and report production services provided by Ginevra Rojahn (ATC).  

Jon A. Heintz  

ATC Executive Director 
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Chapter 1  

Introduction 

In 2021, the Federal Emergency Management Agency (FEMA), in 

cooperation with the National Institute of Standards and Technology (NIST), 

completed the FEMA-NIST Special Publication, FEMA P-2090/NIST 

SP-1254, Recommended Options for Improving the Built Environment for 

Post-Earthquake Reoccupancy and Functional Recovery Time (FEMA-

NIST, 2021), which provided options in the form of recommendations, tasks, 

and alternatives for improving the built environment in terms of reoccupancy 

and functional recovery time.   

Even before the publication of the FEMA P-2090/NIST SP-1254 report, 

there has been growing interest, momentum, and activity related to 

researching, predicting, and codifying reoccupancy and functional recovery 

times for buildings and lifeline infrastructure systems.  This has included 

ongoing work by FEMA, NIST, and others.   

To coordinate the various efforts related to functional recovery being 

undertaken at the local and national levels, and to advance the functional 

recovery conversation using information from recent projects, FEMA 

contracted with the Applied Technology Council (ATC) to plan and conduct 

the FEMA-Sponsored Workshop on Functional Recovery.  This report 

describes the workshop program and presents the findings and conclusions 

from workshop discussions. 

1.1 Resilience, Reoccupancy, and Functional Recovery 

Community resilience is defined as the ability to prepare for and adapt to 

changing conditions and to withstand and recover rapidly from disruptions 

(The White House, 2013).  The overarching purpose of community resilience 

is to maintain the long-term viability of a community following an 

earthquake or other natural hazard event.  Goals of improved community 

resilience, however, are challenging to achieve and difficult to enforce.  To 

support resilience goals at the community level, there is a need to establish a 

link between the design, construction, and retrofit of individual buildings and 

lifeline infrastructure systems, and community resilience as measured by 

time to recovery of function.  The concepts of reoccupancy and functional 

recovery have been introduced to serve as this link.  
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In contrast with community resilience, functional recovery refers to the 

performance of a distinct piece of the built environment, such as an 

individual building or lifeline infrastructure system (NIBS, 2019).  

Reoccupancy and functional recovery are performance milestones that are 

beyond basic safety, but are somewhat less than full functionality, as shown 

in Figure 1-1. 

 

Figure 1-1 Range of building performance and relative placement of safety-
based and recovery-based goals (FEMA-NIST, 2021). 

Reoccupancy is defined as a post-earthquake performance state in which a 

building is maintained, or restored, to allow safe re-entry for the purposes of 

providing shelter or protecting building contents (FEMA-NIST, 2021). 

Functional recovery is defined as a post-earthquake performance state in 

which a building or lifeline infrastructure system is maintained, or restored, 

to safely and adequately support the basic intended functions associated with 

the pre-earthquake use or occupancy of a building, or the pre-earthquake 

service level of a lifeline infrastructure system (FEMA-NIST, 2021).  A key 

concept for functional recovery is that basic intended functions are 

something less than full pre-earthquake functionality, but more than what 

would be considered the minimum sufficient for reoccupancy of buildings or 

temporary provision of lifeline services.   

Using concepts from performance-based seismic design, designing for 

reoccupancy or functional recovery would require a performance objective 

that defines the desired performance, within an acceptable time frame, with a 

specified reliability, following a specified earthquake.  Acceptable time 

frames might vary for different building uses or occupancies or lifeline 

infrastructure services.    

Although the concepts have been defined, additional research, study, and 

discussion is needed to clarify how much function constitutes basic function, 

what is necessary for reoccupancy of a building, what earthquake hazard 

levels or risk targets should be used, and what recovery times at what 



ATC-58-7 1: Introduction 1-3 

reliability levels would be considered acceptable for different building 

occupancies or lifeline infrastructure systems.  Discussion to advance 

functional recovery concepts is one of the key motivations for this workshop.     

1.2 Recent Research, Practice, and Policy Milestones 

Decades of research, practice, and attempts at implementation of policy have 

resulted in a recent surge of interest and activity centered around functional 

recovery concepts.  Important research, practice, and policy milestones 

contributing to the functional recovery context are shown in Figure 1-2.   

 

Figure 1-2 Recent research, practice, and policy milestones (courtesy of R. 
Kersting). 

In 2003, Bruneau et al. is credited with defining the concept of community 

resilience in terms of time to recovery of function.   

In 2012, ATC completed the first phase of a multi-phase program for FEMA 

to develop next-generation concepts for performance-based seismic design, 

resulting in the publication of the FEMA P-58 series of reports, Seismic 

Performance Assessment of Buildings, Methodology and Implementation 

(FEMA, 2012).  The FEMA P-58 methodology probabilistically 

characterizes performance in terms of losses including casualties, repair 

costs, and repair time.  The FEMA P-58 loss algorithms form the basis of a 

computational engine that can be used to estimate time for recovery of 

function for individual buildings.   

In 2016, NIST published the Community Resilience Planning Guide for 

Buildings and Infrastructure Systems (NIST, 2016), defining communities as 

an assembly of political, social, human, and cultural needs, and outlining a 

process for resilience planning intended to result in a built environment that 

supports the government, industry, business, education, social, cultural, and 

health services necessary for everyday life.  
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In 2018, Congress reauthorized the National Earthquake Hazard Reduction 

Program (NEHRP), and added community resilience and functional recovery 

concepts into the NEHRP mandate.  NIST and FEMA were charged with 

assembling a committee of experts to develop a report to Congress on 

options for improving the built environment in terms of reoccupancy and 

functional recovery time. 

In 2019, the International Code Council (ICC) and California Building 

Officials (CALBO) hosted a “Roundtable Discussion” to chart a path toward 

achieving a national approach for functional recovery design for new 

construction, followed by a “Next Steps Forum” hosted by ICC at their 2019 

Annual Conference (ICC, 2019a; 2019b).   

Also in 2019, the Earthquake Engineering Research Institute (EERI) 

published a white paper, Functional Recovery: A Conceptual Framework 

with Policy Options (EERI, 2019), defining functional recovery and its 

relation to community resilience, and outlining four issue areas as a 

framework for thinking about functional recovery concepts: definitional, 

policy, technical, and implementation. 

In the period between 2018 and 2021, the California State Assembly 

considered a series of bills introducing the concept of functional recovery 

and the development of functional recovery design provisions for adoption 

into the California Building Code.  Although these bills were ultimately not 

approved, the effort has resulted in growing support among the legislature, 

industry stakeholders, and the public. 

In 2021, NIST and FEMA completed their charge under the NEHRP 

reauthorization to convene a committee of experts and develop a report to 

Congress with the publication of the FEMA-NIST Special Publication, 

FEMA P-2090/NIST SP-1254. 

1.3 FEMA-NIST Special Publication 

The FEMA-NIST Special Publication, FEMA P-2090/NIST SP-1254, 

establishes definitions for reoccupancy and functional recovery, and explains 

their relation to community resilience.  It makes the case for why recovery-

based concepts are needed to protect U.S. communities and taxpayers against 

future loss of life and property, and negative impacts to the economy, on the 

scale of those experienced in Hurricane Katrina or predicted in earthquake 

scenario studies.  Finally, it provides a set of options in the form of 

recommendations, tasks, and alternatives for improving the built 

environment in terms of reoccupancy and functional recovery time.   
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The seven recommendations are listed below, and the relationship among the 

recommendations is depicted in Figure 1-3:      

1. Develop a Framework for Post-Earthquake Reoccupancy and Functional 

Recovery Objectives.   

2. Design New Buildings to Meet Recovery-Based Objectives.   

3. Retrofit Existing Buildings to Meet Recovery-Based Objectives.   

4. Design, Upgrade, and Maintain Lifeline Infrastructure Systems to Meet 

Recovery-Based Objectives.   

5. Develop and Implement Pre-Disaster Recovery Planning Focused on 

Recovery-Based Objectives.   

6. Provide Education and Outreach to Enhance Awareness and 

Understanding of Earthquake Risk and Recovery-Based Objectives.   

7. Facilitate Access to Financial Resources Needed to Achieve Recovery-

Based Objectives.   

 

Figure 1-3 Interactions among the seven FEMA-NIST recommendations 
(FEMA-NIST, 2021). 

Recommendations, tasks, and alternatives identified in FEMA-NIST Special 

Publication were not explicitly assigned to Congress, FEMA, NIST, or any 

specific federal, state, or local agency or private entity.  It was envisioned 
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that the NEHRP agencies would, ideally, leverage their past success in 

similar activities to lead, support, and coordinate with all appropriate public 

and private partners in the development of technical information, policies, 

and programs supporting the implementation of the recommendations.  

Identification of ongoing activities, and coordination among those activities, 

is one of the key motivations for this workshop. 

1.4 The ATC-138 Functional Recovery Methodology 

The FEMA P-58 methodology was developed under the ATC-58 series of 

projects.  It was initially published in 2012 and updated in a subsequent 

phase of work completed in 2018 (FEMA, 2018).  

In the FEMA P-58 methodology, seismic performance is characterized on a 

probabilistic basis in terms of the potential for incurring damage and losses 

in the form of repair costs, repair time, casualties, unsafe placarding, and 

environmental impacts.  The general methodology and procedures can be 

applied to seismic performance assessments of new or existing buildings of 

any type, regardless of age, construction, or occupancy.  Implementation of 

the methodology requires basic data on the vulnerability of structural and 

nonstructural components to damage (fragility), and information on the 

impacts resulting from that damage (consequence), which can be used to: (1) 

assess the probable performance of a building; (2) design new buildings to be 

capable of providing desired performance; or (3) design seismic upgrades for 

existing buildings to improve their performance. 

As part of its ongoing commitment to performance-based seismic design, 

FEMA funded the ATC-138 series of projects to support, enhance, and 

facilitate the use of the FEMA P-58 methodology in engineering practice.  

Using the results from a recent NIST-funded grant to researchers at the 

University of Colorado Boulder and Texas A&M University, the ATC-138 

project expanded the FEMA P-58 methodology to update red-tag algorithms, 

enhance repair time computations, and consider functional consequences of 

damage in the development of a functional recovery methodology.   

The preliminary methodology is described in the ATC-138-3 report, Seismic 

Performance Assessment of Buildings, Volume 8 – Methodology for 

Assessment of Functional Recovery Time (ATC, 2021), which will eventually 

be published as Volume 8 in the FEMA P-58 series of reports.  A beta 

version of the methodology has been used to generate information on the 

potential functional performance of code-conforming building archetypes, as 

measured by the methodology.  Use of data from the ATC-138 functional 
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recovery methodology to inform discussions of functional recovery concepts 

is one of the key motivations for this workshop.     

1.5 FEMA-Sponsored Workshop on Functional Recovery 

This FEMA-Sponsored Workshop on Functional Recovery was planned and 

conducted in response to the growing interest in functional recovery concepts 

and accelerated activity centered around functional recovery research and 

development that has occurred since the publication of the FEMA 

P-2090/NIST SP-1254 special report.   

The purpose of this workshop was to bring together researchers, design 

professionals, engineering associations, codes and standards development 

organizations, building officials, and government agencies actively involved 

in research, development, and implementation of functional recovery 

concepts, policies, and technologies.  Discussions were intended to address 

the following key objectives: (1) advance the conversation around functional 

recovery concepts informed by data from the ATC-138 Project; and (2) 

identify ongoing activities in and areas for potential future collaboration 

among public and private entity partners at the federal, state, and local levels.  

The workshop provided a forum for interaction among different stakeholder 

groups to develop a common understanding of the current state of knowledge 

and context, and to provide a launching point for further discussion on 

conceptual and technological challenges associated with functional recovery 

concepts.  Discussions included questions such as: (1) what is necessary to 

achieve reoccupancy and functional recovery performance states in 

buildings; (2) what are reasonable and acceptable recovery times; (3) what 

hazard level or risk target should functional recovery be measured at; and (4) 

who is active in this area, what is being done, and where do we go from 

here?  Prior to the workshop, participants were asked to submit information 

about ongoing activities, which was used to seed workshop discussions.   

Information gathered during this workshop is intended to inspire 

collaboration and inform future functional recovery efforts by FEMA, other 

federal, state, and local agencies, research institutions, engineering 

associations, codes and standards development organizations, and other 

research and development partner organizations.  
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Chapter 2  

Workshop Program 

A two-day FEMA-Sponsored Workshop on Functional Recovery was held in 

Burlingame, California on August 17-18, 2022.  This chapter summarizes the 

workshop program and describes the structure of the plenary presentations 

and breakout discussions. 

2.1 Workshop Overview and Agenda 

The workshop format included plenary sessions followed by focused 

breakout discussions.  The workshop was broadly organized into three 

sessions: (1) keys to measuring functional recovery; (2) hazard levels and 

target recovery times; and (3) future actions: where do we go from here?  

The workshop agenda is shown in Figure 2-1.   

The workshop was attended by 57 participants.  Attendees included 

engineers, non-engineering design professionals, researchers, owners/facility 

managers, building officials, code developers, and state and federal 

government entities.  A list of workshop participants, and their affiliations, is 

provided in Appendix A.  

The overall context for the workshop was set in an introductory presentation 

(by R. Kersting) providing an overview of current and planned efforts to 

advance functional recovery concepts, including important research, practice, 

and policy milestones in recent history.  This included a summary of the 

seven recommendations in the FEMA P-2090/NIST SP-1254 special report, 

with a focus on Recommendation 1: Develop a Framework for Post-

Earthquake Reoccupancy and Functional Recovery Objectives, and 

Recommendation 2: Design New Buildings to Meet Recovery-Based 

Objectives, which are closely related to the planned workshop discussions.  It 

also included an overview of the upcoming 2026 cycle of the NEHRP 

Provisions Update Committee (PUC), which includes a special Task 

Committee (TC) on functional recovery that will attempt to: define key terms 

and concepts; identify recovery categories with appropriate ranges and 

precision; identify target functional recovery times for various occupancies; 

develop prescriptive design provisions to meet recovery objectives; and 

select appropriate hazard levels or risk targets for measuring functional 

recovery performance.  This introductory presentation, and all subsequent 

plenary presentations, are provided in Appendix B for future reference.     
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Figure 2-1 Agenda – FEMA-Sponsored Workshop on Functional Recovery.  
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Figure 2-1 Agenda – FEMA-Sponsored Workshop on Functional Recovery (continued).  
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2.2 Session 1: Keys to Measuring Functional Recovery 

The purpose of Session 1 was to explore key concepts for measuring 

functional recovery, including challenges related to defining basic function 

and requirements for reoccupancy.  Plenary presentations for Session 1 

included: 

 An overview of the development of the ATC-138 functional recovery 

methodology (by J. Heintz), which explained how the FEMA P-58 

methodology was adapted to assess function, showed how criteria for 

basic function and requirements for reoccupancy have been embedded in 

the computational algorithms, and highlighted challenges associated with 

linking damage to function. 

 A method of evaluating building uses for functional recovery (by J. 

Buckalew), which illustrated a logical approach for itemizing and 

assessing the importance of key systems deemed necessary for function 

and reoccupancy of a building, and subsequently defining basic intended 

function, as presented in a paper by Buckalew and Lang (2020).          

Attendees were divided into three multi-disciplinary breakout groups, each 

addressing a different occupancy:  

 Group 1-A: Critical Healthcare (RC IV)  

 Group 1-B: Commercial Office (RC II)  

 Group 1-C: Single and Multi-Family Residential (RC II) 

For the assigned occupancy, each group was instructed to answer the 

following questions: 

 What is necessary for basic function? 

 What is necessary for occupancy? 

 What is the basic function for a given use or occupancy? 

To drill down in additional detail, each group was also asked to evaluate 

what level of functionality for each system was necessary (or acceptable), 

what temporary workarounds were possible, and how long temporary 

workarounds might be acceptable? 

2.3 Session 2: Hazard Levels and Target Recovery Times 

The purpose of Session 2 was to explore key concepts related to hazard 

levels (or risk targets) for measuring functional recovery, consideration of 

impeding factors in recovery time calculations, and selection of target 
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recovery times for different occupancies.  Plenary presentations for Session 2 

included: 

 A summary of building reoccupancy and recovery times for selected 

code-forming buildings, as measured by the ATC-138 functional 

recovery methodology (by J. DeBock for C. Haselton), illustrating the 

overall magnitude and variability of the reported recovery time (in days) 

for earthquakes with return periods ranging from 22 years to 2475 years. 

 A description of the development of recovery categories and target 

recovery times (by S. Sattar), based on a conceptual framework 

presented in the FEMA P-2090/NIST SP-1254 special report, explored in 

a series of stakeholder workshops in 2020, and revisited in a mini-

workshop at the 12th National Conference on Earthquake Engineering in 

2022. 

 An explanation of how ground motions are specified in a performance-

based design context (by N. Luco), including pros and cons associated 

with the use of scenario/deterministic, uniform-hazard, or risk-targeted 

ground motions. 

 An overview of considerations for selection of risk targets for functional 

recovery assessment (by J. Baker), including approaches for choosing 

performance goals, units of measure, and target hazard levels.           

Attendees were divided into the same three multi-disciplinary breakout 

groups (Groups 2-A, 2-B, and 2-C), each addressing the following questions: 

 What hazard level(s) should be used for functional recovery performance 

objectives? 

 How should impeding factors be addressed in recovery time calculations 

and in communicating results? 

 What should be the target functional recovery times or priorities for 

various categories of buildings? 

 At what scale should risk be considered for functional recovery 

performance objectives (individual building level, community level, or 

regional level)? 

For discussion and illustration purposes, examples of previously published 

target recovery times and recovery frameworks were shared with the groups.  

Figure 2-2 summarizes recovery time information available in published 

literature; Figure 2-3 shows a conceptual recovery category framework 

presented in the FEMA P-2090/NIST SP-1254 special report; Figure 2-4 

shows one possible proposed framework for recovery categories and target 
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recovery times; and Figure 2-5 presents a performance matrix showing the 

possible variation in recovery times versus hazard level.   

 

Figure 2-2 Summary of target recovery time information available in the 
literature (Sattar et al., 2022). 

  

Figure 2-3 A conceptual recovery category framework (FEMA-NIST, 2021). 
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Figure 2-4 A proposed framework for recovery categories and target 
recovery times (Sattar et al., 2022). 

 

Figure 2-5 Matrix of possible variation in recovery times versus hazard level 
(FEMA-NIST, 2021). 
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2.4 Session 3: Future Actions: Where Do We Go From 
Here? 

The purpose of Session 3 was to identify future actions and where public and 

private organizations can go from here in moving functional recovery 

concepts forward.  As part of workshop preparations, participants were asked 

to submit, in advance, information about ongoing research, design practice, 

committee, code development, or federal/state/local government program 

activities related to functional recovery.  Information about ongoing activities 

submitted by workshop participants is provided in Appendix C for future 

reference.  Plenary presentations for Session 3 included: 

 A summary of ongoing activities submitted by workshop participants (by 

S. Dowty). 

 A description of an ongoing NIST project using artificial intelligence to 

develop prescriptive functional recovery design procedures for 

reinforced concrete moment frame systems (by D. Cook). 

 A description of an ongoing NIST project investigating economic 

considerations for recovery-based design using benefit-cost analysis 

principles (by D. Cook for J. Fung). 

 A description of the ongoing NIST-funded ATC-152 project developing 

a framework for expected recovery times for lifeline infrastructure 

system components and assets after earthquake events (by K. Johnson).  

 A description of the ongoing FEMA-funded ATC-150 project developing 

a framework for identifying target lifeline infrastructure system recovery 

times needed by users (by M. Mahoney).  

 A description of an alternative framework for assessing earthquake-

induced downtime, and evaluation of the impact of design interventions, 

using resilience-based metrics such as robustness and rapidity (by C. 

Molina Hutt). 

 An overview of the Structural Engineers Association of Northern 

California (SEAONC) Resilience Committee plans to evaluate the 

functional recovery times of code compliant buildings (by J. Valigura). 

 An overview of ICC plans for reimagining the ICC Performance Code 

and opportunities for incorporation of functional recovery performance 

concepts (by B. Meacham).           

Attendees were divided into four stakeholder-specific groups: 

 Group 3-A: Federal Government Entities  

 Group 3-B: Researchers and Lifelines Professionals  
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 Group 3-C: Design Professionals 

 Group 3-D: Building Officials and State and Local Government Entities  

Each group was instructed to answer the following questions: 

 How does what was discussed/presented today affect what you are 

currently working on? 

 From the perspective of your stakeholder group, what is the “next step” 

for functional recovery development, and how does your current work 

support that development? 

 What do you need from your own stakeholder group, and from other 

stakeholder groups, to advance functional recovery? 

 What are actionable items that your stakeholder group can accomplish to 

advance functional recovery? 
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Chapter 3  

Workshop Findings and 
Conclusions 

This chapter summarizes information provided by breakout groups in each 

session, followed by a summary of overarching findings and conclusions 

drawn from the collective information provided by all groups in each session.  

3.1  Breakout Session 1: Keys to Measuring Functional  
Recovery 

Breakout Session 1 consisted of three multi-disciplinary groups, each 

addressing a different occupancy: Group 1-A: Critical Healthcare (RC IV); 

Group 1-B: Commercial Office (RC II); and Group 1-C: Single and Multi-

Family Residential (RC II).  The process for answering questions was a 

graphical exercise.  In identifying what is needed for basic function and 

occupancy, each group was asked to rate the relative importance of key 

building systems in a PowerPoint template used to record their responses.  

Results and comments from each group are provided in the sections that 

follow.  

3.1.1  Group 1-A: Critical Healthcare (RC IV) 

Group 1-A completed all exercises.  Figure 3-1 shows critical healthcare 

requirements for function, and Figure 3-2 shows critical healthcare 

requirements for occupancy.  Notes and comments from the group included 

the following: 

 The initial default position for critical healthcare occupancies was that all 

systems were 100% necessary for occupancy and function, and all 

systems needed to be fully functional. 

 Upon reflection, this was considered unrealistic, and it was suggested 

that 100% functionality for all systems should be considered an 

aspirational goal. 

 It was decided that temporary workarounds (e.g., emergency power, and 

72-hour backup supplies) could be used to relax functional and 

occupancy requirements for selected systems, as depicted in the figures. 
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Figure 3-1 Group 1-A: Critical Healthcare requirements for function. 

 

Figure 3-2 Group 1-A: Critical Healthcare requirements for occupancy. 

 Answers were specific to different hospital service areas, and certain 

service areas (e.g., surgical rooms) had higher requirements for 

functionality.  

 The need for heating (and air conditioning) was noted to be region 

specific. 

 Most hospitals are already required to maintain alternative sanitary sewer 

protocols for unanticipated disruption to normal service, which could be 

leveraged as a temporary workaround for post-earthquake disruption of 
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the system, reducing the importance of a fully functioning sanitary sewer 

system. 

 While data was considered 100% necessary, phone and internet were 

considered separately and deemed 0% necessary. 

 Minimum requirements for elevators included one functioning elevator 

capable of patient transport for both functionality and occupancy. 

 Adequate fire watch was considered an acceptable substitute for a 

functioning fire suppression system, although flooding must be 

prevented.   

Based on the information developed in this exercise, Group 1-A suggested 

that the basic intended function of a critical healthcare occupancy is to 

provide emergency treatment and critical life support after a major 

earthquake.   

3.1.2  Group 1-B: Commercial Office (RC II) 

Group 1-B only had time to discuss functional requirements for commercial 

offices, and did not address occupancy requirements.  Figure 3-3 shows 

commercial office requirements for function.  Notes and comments from the 

group included the following: 

 An initial suggested position for commercial office occupancies was that 

recent work-from-home lifestyles have shown that a functioning office 

space may not be completely necessary (at least for some businesses), so 

if any system was not fully functional, occupants would simply choose to 

work remotely. 

 Further, because people can choose to work at remote locations with 

limited functionality (e.g., at the beach), it was suggested that many 

office functions may not really be necessary. 

 In contrast, it was suggested that some offices can serve essential 

business operations and would need to remain functional.  If a function 

could not be replicated somewhere else (e.g., at home), then it should be 

considered 100% necessary. 

 Owners/landlords feel a responsibility to provide basic necessities (e.g., 

intact exterior envelope; functioning mechanical, electrical, and 

plumbing systems), and are concerned about the liability associated with 

allowing work in an environment with damage.  From this perspective, 

most systems would be considered 100% necessary.  
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Figure 3-3 Group 1-B: Commercial Office requirements for function. 

 In discussing the necessity of each system, it was suggested that 

temporary workarounds are possible in most cases, and the use of 

temporary workarounds factored into the relaxation of functional 

requirements depicted in the figures.  “Good enough” was considered an 

important concept, and it was suggested that limited functionality could 

also mean capacity for less than full occupancy.  

 It was noted that exterior envelope considerations are not just about 

weather or comfort.  In the case of multi-story (i.e., high rise) buildings, 

there are also safety considerations (e.g., fall protection and fire 

separation). 

 The need for heating (and air conditioning) was noted to be region 

specific, and air conditioning was considered less important than heating. 

 A distinction was made between emergency lighting (75% necessary) 

and regular lighting (25% necessary), and portable lighting was 

suggested as a feasible workaround for both. 

 Data, phone, and internet systems were considered separately. Data 

servers were considered important (75% necessary), while phone and 

internet were considered less important and could be more easily 

accommodated by temporary workarounds (e.g., use of personal cell 

phones or outside wifi connections). 

 Minimum requirements for elevators included one functioning elevator. 

 Fire watch was considered an acceptable substitute for lowering the 

functional requirement for fire suppression systems. 
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Group 1-B was not able to come up with a consensus statement defining 

basic function for commercial office occupancies, but suggested, in general, 

that basic intended function is about 80-90% as effective as would normally 

be the case in the occupancy under consideration.   

3.1.3  Group 1-C: Single and Multi-Family Residential (RC II) 

Group 1-C chose to discuss occupancy requirements for residential 

occupancies, and did not have time to address functional requirements. 

Figure 3-4 shows multi-family residential requirements for occupancy.  

Notes and comments from the group included the following: 

 The group noted considerable difficulty in quantifying necessary 

requirements for occupancy without considering other important aspects, 

such as time frame (i.e., time that occupants would be expected to live 

without a system or service).  A time frame of about one month was 

chosen for consideration.  

 It was noted that answers would be different for single-family versus 

multi-family residences, and would depend on building height.  Multi-

family residences, 4-5 stories in height, were chosen for consideration. 

 

Figure 3-4 Group 1-B: Multi-Family Residential requirements for 
occupancy. 

 In some cases, the group had difficulty agreeing on a single value of 

importance for certain occupancy requirements, so the range of responses 

from the group is depicted in the figure (i.e., from 75%-100%, or 25%-

100%) 
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 Weather considerations associated with the exterior envelope were noted 

as a regional-specific concern.  It was further noted that the exterior 

envelope also includes safety concerns (e.g., fall protection and fire 

separation).  

 It was suggested that the code is clear on egress, and that there is little 

flexibility in compromising egress requirements related to occupancy. 

 The group anecdotally referred to housing studies in Berkeley, California 

that suggested the need for at least one operational elevator at all times in 

residential occupancies. 

 Regarding accessibility considerations, it was noted that anyone in a 

given population can become non-ambulatory for a period of time (e.g., 

sports injury).  It was suggested that occupancy of a building should not 

be restricted solely because a single occupant may be temporarily unable 

to access upper stories. 

 In contrast with the other groups, fire suppression was identified as 100% 

necessary, even though the existence of temporary workarounds (e.g., 

fire watch) were discussed. 

Group 1-C was not able to come up with a consensus statement defining 

basic function for multi-family residential occupancies.   

3.1.4  Key Themes and Overarching Observations from Session 1 

Overarching observations and key themes expressed across multiple breakout 

groups included the following: 

 Prior conversations on necessities for functional recovery, such as the 

NIST-FEMA Workshops (NIST, 2021) held as part of the development 

of the FEMA P-2090/NIST SP-1254 special report, have tended to 

identify almost all systems and services to be important and necessary 

within a short time frame (i.e., hours or days) following an earthquake 

event.  Similar to these prior conversations, groups tended to identify 

most functional and occupancy requirements as closer to 100% necessary 

(with few exceptions).  This was the case, even when participants were 

fully aware of the likely potential for damage in an earthquake, and were 

presented with information showing the potential for long recovery times 

(i.e., months) for code-conforming buildings with limited damage.   

 With a limited number of exceptions, it proved difficult for groups to 

decide that it was acceptable for a system to be damaged to the point that 

functionality was significantly impaired. 
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 Most groups noted that temporary workarounds are possible for many 

important functional and occupancy requirements.  The existence of an 

“easy workaround” factored into discussions of reduced level of 

importance (or necessity), but also complicated the ability to determine 

an absolute level of importance (or necessity). 

 Most groups noted that the need for heating (and air conditioning) was 

region specific, and that air conditioning was less important than heating. 

 Most groups noted that weather considerations associated with the 

exterior envelope were region specific, and that the exterior envelope 

included safety concerns (e.g., fall protection and fire separation). 

 While access to data (e.g., servers) was considered very important, most 

groups considered phone and internet separately, and deemed these 

services to be less important. 

 Most groups agreed that adequate fire watch was considered an 

acceptable substitute for a functioning fire suppression system, although 

flooding must be prevented. 

 All groups suggested that minimum requirements for elevators consisted 

of one functioning elevator for both functionality and occupancy. 

3.2  Breakout Session 2: Hazard Levels and Target 
Recovery Times 

Breakout Session 2 consisted of the same three multi-disciplinary groups 

(Groups 2-A, 2-B, and 2-C), each addressing the same series of questions in 

four topical areas.  The questions were generally poll-based, intending to 

capture votes for various options but also capture discussion based on the 

results of the polls.  Every group did not answer every question within each 

topical area, so responses across all groups are reported for each topical area 

in the sections that follow.   

3.2.1  Topic 1: What Hazard Level(s) Should be used for 
Functional Recovery Performance Objectives? 

Question 1A: If only one hazard level were to be considered for functional 

recovery performance, which should it be? 

Answer choices: 

a) Small / Frequent (assume approximate mean return period of 25-100 

years) 

b) Medium / “Design” level (assume approximate mean return period of 

300-700 years) 
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c) Large / MCE (assume approximate mean return period of 1000-2500 

years)  

d) A specific scenario event for a given community 

In response to the question and answer choices as written, the clear majority 

of responses supported functional recovery performance being considered 

only at a singular medium, or “design level,” hazard level (assumed 

approximate mean return period of 300-700 years). 

Generalized comments supporting this answer included: 

 The “design level” approach is familiar to and understood by those 

currently involved in the design of buildings, in building code 

development and enforcement, and in related research and development. 

 The “design level” approach would be consistent with, and support the 

desire for, achieving improved recovery time relative to what is expected 

from the current life-safety design basis. 

Generalized reservations expressed regarding this answer included: 

 A “design level” basis for functional recovery may not provide adequate 

information for community planners, emergency response managers, and 

other related professionals who often consider MCE or certain scenario 

events as the basis for pre-disaster planning and post-disaster response. 

 Owners and users of buildings and members of the public generally do 

not understand, and have difficulty relating to, “design level” 

performance objectives for buildings used for code-based design and 

enforcement.  

Given the plenary presentations by N. Luco and J. Baker that preceded this 

breakout session, each group also spontaneously discussed a modified 

question that included an additional answer choice of taking a “risk-targeted” 

approach to the hazard consideration for functional recovery performance.  

For the purposes of this conversation, a “risk-targeted” approach was 

understood to mean that seismic hazard would be selected such that it would 

provide a desired probability of not exceeding a certain functional recovery 

time (for example, a certain number of days) when considering the 

probability of various earthquakes that may occur over the lifespan of a 

building (for example, 50 years).  Most participants were in favor of a “risk-

targeted” approach compared to the selection of a singular hazard intensity, 

and the following generalized comments were provided in support but also 

with some reservation: 
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 A “risk-targeted” approach for functional recovery would be consistent 

with the current approach for code-based building design that applies a 

specified low risk of collapse due to the effects of earthquakes over a 50-

year time frame. 

 A “risk-targeted” approach may be a better basis for other professionals 

to inform pre-disaster planning and to evaluate overall community 

resilience.  Similarly, a “risk-targeted” approach may be a better way to 

communicate performance to building owners, building users/occupants, 

and the general public. 

 A singular “design level” hazard could be selected as an approach for 

development of first-generation functional recovery objectives to 

improve recovery performance of code-conforming buildings, if a “risk-

targeted” approach involves additional research and development that 

cannot be completed within near-term code-development deadlines. 

Question 1B: Should multiple hazard level(s) be considered for functional 

recovery performance? 

Answer choices: 

a) No; only one hazard level is appropriate 

b) Yes, but only for certain buildings 

c) Yes, for all buildings 

In response to the question and answer choices as written, the responses were 

generally spread across the three choices, suggesting a slight preference for 

consideration of multiple hazard levels, at least for some buildings.  The 

distribution of responses likely reflects the “risk-targeted” approach 

considered for Question 1A, as discussed in more detail below. 

The resulting discussion can be summarized with the following observations: 

 Responses in support of multiple hazard levels being considered for at 

least some buildings tended to focus on a desire for targeting acceptable 

recovery times under different hazard levels for essential service 

facilities (e.g., Risk Category IV) and other services critical to 

community recovery, suggesting that adequate recovery times for such 

services are needed for small, medium, and large earthquakes (even if the 

targeted times might vary based on hazard level). 

 It was generally noted by many participants that a “risk-targeted” 

approach inherently would address the question by considering all 

earthquake events, the probability of those events occurring, and the 

expected recovery time across all earthquake intensities.  Even if 
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recovery times vary based on earthquake intensity, a “risk-targeted” 

approach would be able to provide a probability of achieving a desired 

post-earthquake recovery over the life of a building considering the 

probability of various earthquakes that may occur in that time frame.  

Question 1C: If multiple hazard levels were to be considered for functional 

recovery performance, which one(s) should be explicitly or directly 

considered and which one(s) should be implicitly or indirectly considered? 

Answer choices: 

a) Small / Frequent 

b) Medium / “Design” level 

c) Large / MCE  

d) A specific scenario event for a given community 

In response to the question and answer choices as written, the clear majority 

of responses generally supported the concept of using a singular “design 

level” hazard for explicit code-based functional recovery design provisions 

and performance objectives.  Some responses (although not a clear majority) 

expressed support for the explicit “design level” to also implicitly meet 

specific recovery goals at other hazard levels, particularly for a smaller, 

more-frequent earthquake.   

Although a “risk-targeted” approach also considers multiple hazard levels, a 

distinction was noted between this question and the “risk-targeted” approach 

being considered in the context of this workshop.  This question was 

generally interpreted to be asking if specific recovery performance objectives 

should be established at multiple hazard levels and if performance should be 

explicitly assessed at those hazard levels in the design process, or whether 

the desired performance at multiple hazard levels could be implicitly 

achieved through the selection of an appropriate hazard level used in a single 

explicit design check.  In other words, this question was essentially asking 

whether multiple specific performance objectives envisioned in Figure 2-5 

(Table B-2 from the FEMA P-2090/NIST SP-1254 special report) should be 

established and explicitly checked.  The responses were generally interpreted 

as a majority being in support of establishing and explicitly checking a 

singular performance objective.  A minority also expressed a preference that 

the explicit performance objective should also provide an implied 

performance at other hazards, even if not explicitly checked.   

The resulting discussion can be summarized with the following additional 

observations: 



ATC-58-7 3: Workshop Findings and Conclusions 3-11 

 Those in support of performance objectives at multiple hazard levels 

suggested a desire or preference that the performance objective for 

explicit code-based design should be selected to implicitly provide 

adequate recovery for most buildings under smaller earthquakes, and 

adequate recovery for essential service or recovery-critical buildings 

under larger earthquakes.  

 Although a “risk-targeted” approach would provide a probability of 

achieving a desired post-earthquake recovery over the life of a building 

considering the probability of all earthquakes that may occur, the concept 

of whether adequate recovery time is provided for a specific hazard level 

under a “risk-targeted” approach may warrant additional consideration 

and investigation. 

 Beyond what might be specified in code provisions, some building 

owners or some jurisdictions may be interested in explicitly knowing 

expected performance at alternative hazard levels or regional-specific 

earthquake scenarios.    

3.2.2  Topic 2: How Should Impeding Factors be Addressed in 
Recovery Time Calculations and in Communicating 
Results? 

Question 2A: Should impeding factors be considered when calculating and 

reporting functional recovery time and/or when setting functional recovery 

performance objectives? 

Answer choices: 

a) Overall 

b) By Individual Impeding Factor: post-earthquake inspection; 

engineering, including hiring, mobilization, design, and permitting; 

contractor, including hiring, mobilization, and material procurement; 

financing, including cash on hand and procuring other financing; and 

long lead time items 

For the purposes of discussion, impeding factors were defined as all 

predecessor activities that need to occur prior to initiation of repair work.  In 

introducing this question, it was discussed that impeding factors are generally 

outside the control of building designers, and that designers may not be able 

to accurately or confidently quantify the effects of impeding factors when 

assessing recovery performance.  In response to the question and answer 

choices as written, the results were mixed, with a slight majority supporting 

that impeding factors need to be considered, although the discussion included 

many concerns about how they should be considered, and by whom.   
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The plenary presentation showing the recovery performance of buildings as 

measured by the ATC-138 functional recovery methodology (by J. DeBock 

for C. Haselton) demonstrated that impeding factors overall had a large 

impact on calculated recovery times, but there was a lack of sensitivity to any 

one specific impeding factor.  Based on this information, all groups chose to 

avoid consideration of individual specific impeding factors, and instead 

focused on whether impeding factors should be considered overall. 

The resulting discussion can be summarized with the following additional 

observations: 

 The interest in considering impeding factors seemed to be based on a 

desire to acknowledge that recovery time is indeed a function of both 

repair time and impeding factors.  Similarly, there was a desire to be as 

transparent as possible in communicating results for anticipated recovery 

times that will likely better align with actual post-earthquake recovery 

experiences. 

 Many concerns were expressed about the ability to reliably predict the 

effects of impeding factors, as well as the recognition that most aspects 

of impeding factors are beyond the control of designers, may be 

unknown at the time of design, or may change over the life of a building.  

 The ability to report repair time separately from impeding factors was 

considered important because repair time is more easily calculated, tends 

to have less uncertainty, and is more directly controlled in the design 

process. 

 The difference between considering impeding factors as part of the 

design process versus considering impeding factors as part of 

communicating realistic results was discussed.  

 Reservations were expressed over the development and implementation 

of code provisions that require a designer to quantify the effects of 

impeding factors, unless default values are established for consistent use.  

 There was general recognition that once a certain threshold of damage 

was reached, impeding factors on the order of months would be 

triggered, and it would not be possible to achieve recovery times on the 

order of hours, days, or weeks.  Therefore, target recovery times will 

likely need to recognize the impact of impeding factors, with realistic 

objectives based on the design criteria selected, and the potential 

likelihood of damage triggering impeding factors (or not). 

Question 2B (open-ended): How should the effect of impeding factors 

(regardless of whether considered or not) be quantified when communicating 
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functional recovery performance objectives (target times) and/or when 

reporting results of functional recovery time calculations?  

Due to time limitations, no group was able to fully address this question.  

Instead, most groups noted a common theme: 

 It was considered important to develop a clear and consistent way for 

considering and implementing impeding factors as part of the recovery 

time calculation methodology.  Furthermore, it was considered important 

to develop a clear and consistent way of communicating recovery time 

results, which identifies whether impeding factors have been considered 

and how they contribute to the total expected recovery time.  This could 

be a combination of clear expectations, instructions, and acceptable 

defaults contained in code provisions, related commentary, best practice 

guidelines, permitting requirements, and even public-facing education 

and outreach. 

3.2.3  Topic 3: What Should be the Target Functional Recovery 
Times or Priorities for Various Categories of Buildings? 

Question 3A: What level of detail should be used to describe the recovery 

time associated with different recovery categories? 

Answer choices: 

a) “Precise” time ranges (e.g., 5-30 days, 1-3 months, 3-12 months, or 

> 12 months) 

b) “Order of magnitude” time ranges (e.g., hours, days, weeks, months, 

or years) 

c) “Generic time” descriptions (e.g., short, medium, or long) 

d) “Generic priority” descriptions (e.g., high, medium, or low) 

Not all groups were able to answer this question.  Using the results from 

those who did, a slight majority (55%) favored use of “order of magnitude” 

time ranges, while most of the remaining minority (29%) favored use of 

“precise” time ranges, and a smaller minority (16%) favored use of “generic 

time” descriptions.   

The related discussion can be summarized with the following observations: 

 If “order of magnitude” time ranges are used, it will still be necessary to 

identify the threshold at which the transition occurs between categories 

(i.e., after how many “weeks” does the “months” category get 

assigned?). 

 It was noted that if a “risk-targeted” approach is selected, then it might 

be more meaningful to use probability of meeting or exceeding a certain 
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recovery time (or range of times).  For example, a “risk-targeted” 

approach would specify the desired probability of not exceeding a certain 

functional recovery time (e.g., number of days) considering all 

earthquakes that may occur over the lifespan of a building (e.g., 50 

years). 

Question 3B: Functional recovery times are probabilistic in nature and can 

be communicated in different formats. Given the current state of analytical 

tools and how much they have been tested or validated, what level of detail 

or confidence should engineers use to express those results?   

Answer choices: 

a) 50th percentile recovery time for all buildings  

b) 50th percentile recovery time for most, but 90th percentile for some 

c) 90th percentile recovery time for all buildings 

Not all groups were able to answer this question.  Using the results from 

those who did, a slight majority (53%) favored use of 90th percentile for all 

buildings, while the remaining minority was almost equally split (25% and 

22% respectively) between using 50th percentile for most but 90th percentile 

for some, and 50th percentile for all buildings.   

Question 3C: What is the unit of time and rough order of magnitude you 

would assign to the two categories with the quickest recovery times?   

Answer choices for first category (quickest recovery category): 

a) Hours (< 72) 

b) Days (< 14) 

c) Weeks (< 4) 

d) Months (< 2) 

e) Longer 

Answer choices for second category (next quickest recovery category): 

a) Days (< 14) 

b) Weeks (< 4) 

c) Months (< 2) 

d) Months (< 6) 

e) Longer 

Not all groups were able to answer this question.  Using the results from 

those who did, a clear majority favored use of “hours” as the unit of time for 

the first recovery category (quickest recovery) and a slight majority favored 

use of “days” as the unit for the second recovery category (although there 

was less agreement about the threshold number of days to use).   
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The limited extent of discussion can be summarized with the following 

observations: 

 The category with the quickest recovery time should be benchmarked 

toward recovery time on the order of hours, even if this might be an 

aspirational goal, or might require design improvements to achieve that 

goal.  One response advocated for an even better category that could 

provide effectively zero recovery time. 

 It was noted that short recovery times on the order of hours, days, and 

weeks will require designs that prevent damage triggering impeding 

factors.  It was further noted that the choice of confidence level discussed 

in Question 3B will affect the ability to achieve shorter recovery times 

(as shorter recovery times with a higher level of confidence will be more 

difficult to achieve). 

 It was acknowledged that further investigation and discussion is needed 

regarding the selection, precision, confidence level, and differentiation of 

target recovery times to be assigned to functional recovery categories. 

3.2.4  Topic 4: At What Scale Should Risk be Considered for 
Functional Recovery Performance Objectives? 

Question 4A: At what scale should risk be considered for functional 

recovery performance objectives?  

Answer choices: 

a) Individual: Where design parameters are selected such that the 

performance and risk is considered by the probability of a given 

building meeting (or not meeting) its target functional recovery time 

over a given length of time (or specified hazard level). 

b) Community: Where design parameters are selected such that the 

performance and risk is considered by the probability of a given 

community meeting (or not meeting) its community resilience goals 

over a given length of time (or specified hazard level). 

c) Regional: Where design parameters are selected such that the 

performance and risk is considered by the probability of a larger 

region meeting (or not meeting) its regional resilience goals over a 

given length of time (or specified hazard level). 

Due to time limitations, not all groups were able to answer this question nor 

have a full discussion.  Using the results from those who did, there was a 

slight majority favoring the individual compared to a community scale, with 

no support for a regional consideration.  These results recognize that design 

happens at an individual building level, and there would be difficulty 
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developing design criteria that reflects risk at a community scale when 

different communities have a different compilation of (and therefore different 

dependencies on) individual buildings.  It was considered important to be 

able to develop minimum design criteria for individual buildings that could 

be modified (exceeded) by local communities, if needed. 

3.3  Breakout Session 3: Future Actions: Where Do We Go 
From Here? 

Breakout Session 3 consisted of four stakeholder-specific groups: Group 

3-A: Federal Government Entities; Group 3-B: Researchers and Lifelines 

Professionals; Group 3-C: Design Professionals; and Group 3-D: Building 

Officials and State and Local Government Entities, each addressing the same 

series of questions.  Each group independently chose how much time to 

dedicate and how much detail to offer in response to each question.  

Responses have been sorted and presented in three basic categories: 

(1) needs; (2) immediate next steps; and (3) longer-term actions.      

3.3.1  Group 3-A: Federal Government Entities 

Federal government entities, including the NEHRP agencies (FEMA, NIST, 

NSF, and USGS) are the primary leaders, supporters, and funders in the 

development of technical information, policies, and programs that support 

implementation of functional recovery. 

Needs:  

 Additional resources are needed.  Current funding levels only allow for 

small, incremental progress without the commitment of future resources.  

Other stakeholder groups (e.g., state and local government entities, 

research organizations, and engineering associations) must be the 

advocates for additional commitment and funding. 

 Improved interagency coordination and collaboration, and engagement at 

the appropriate level within each agency. 

 Broader education and advocacy for functional recovery throughout the 

agencies.  

 USGS needs to be involved in discussions on functional recovery intent 

and implementation to have the full understanding necessary for hazard 

development. 

 NSF needs to be engaged at the appropriate level to make sure functional 

recovery is on the list of desirable projects so that research can support 

development of new technologies and methodologies. 
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 Improved progress on lifeline infrastructure systems.  

Immediate Next Steps:  

 Explore interagency coordination and collaboration, including: (1) 

quarterly interagency working group meetings; (2) annual meetings to 

present progress on functional recovery to agency managers; (3) the 

ongoing NIST Disaster Resilience Symposium (with NSF); and (4) 

coordination of funding priorities to identify gaps, needs, and 

redundancies. 

 Pursue functional recovery for new construction (e.g., new buildings), as 

the “low-hanging fruit” and ideal next step, including: 

o Development of a performance objective consisting of a defined 

performance state and earthquake hazard (risk-targeted or uniform 

hazard) as soon as possible.  

o Research and development support for the NEHRP Provisions 

Update Committee, Functional Recovery Task Committee in the 

current Provisions update cycle.  

Longer-Term Actions: 

 Ongoing FEMA support for performance-based design for functional 

recovery (e.g., ATC-138 Project), including near-term refinement and 

publication of the completed functional recovery methodology and 

longer-term monitoring, facilitation, and enhancement of technologies. 

 Ongoing FEMA support for the NEHRP Provisions Update Committee, 

Functional Recovery Task Committee over the 3-5 year duration of the 

current Provisions update cycle.  

 Ongoing USGS support to the NEHRP Provisions Update Committee, 

Functional Recovery Task Committee to develop appropriate earthquake 

hazard (possibly including main-shock and after-shock effects) and 

consideration of other earthquake-induced geologic hazards 

(liquefaction, surface displacement, etc.) for functional recovery 

objectives. 

 Ongoing NIST support for their Prescriptive Design Project  

 Ongoing NIST support for their Benefit-Cost Analysis Project, including 

extension of functional recovery BCA to the community/regional scale.  

 Ongoing NIST support for their Community Resilience Group to 

establish a link between community resilience (recovery aspect) to 

functional recovery of individual buildings, including future research on 
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how recovery of buildings affects recovery at the community/regional 

scale.  

 Work with the Administration to explore possible options for 

development of functional recovery guidelines for federally owned or 

leased buildings to lead by example (per the FEMA P-2090/NIST SP-

1254 special report) 

 Develop and implement a plan for functional recovery of lifeline 

infrastructure systems, including leveraging current work on the FEMA-

funded ATC-150 Project and NIST-funded ATC-152 Project developing 

frameworks for decision-making, extension to consider transportation, 

future research on prescriptive versus performance-based approaches, 

and identification of opportunities for collaboration.   

 Develop and implement a plan for functional recovery of existing 

buildings, which is expected to be more challenging, and may need 

broader stakeholder support. 

 Leverage and promote the adaptation of earthquake-related research, 

concepts, and solutions for applicability to other hazards. 

3.3.2  Group 3-B: Researchers and Lifelines Professionals 

Researchers are called upon to develop the fundamental information and 

technologies necessary for advancement of functional recovery concepts.  

Lifelines professionals are expected to implement functional recovery 

priorities within the lifeline infrastructure system context.   

Needs:  

 Funding for functional recovery fundamental research, and time to 

conduct research studies. 

 More multidisciplinary research activities, including social scientists 

(equity and disadvantaged populations) and economists (detailed 

economic analyses of scenario modeling).   

 Additional data and information on key aspects of functional recovery, 

including: benefit-cost models; impeding factors; demand-surge; 

reoccupancy decisions (so that building officials can make consistent 

decisions); and updated information on community tolerance for living 

without services for a period of time. 

 Transparency and consistency of assumptions related to data and criteria 

embedded in different methods for estimating functional recovery.   
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Immediate Next Steps:  

 Forge ahead and start defining functional recovery to answer the question 

“what do users need and when do they need it?” recognizing that there 

might be differences for lifelines versus buildings, and for different types 

of uses or occupancies. 

 Mapping exercise to explain what FEMA P-58 damage states impact 

function, including a collaborative workshop to provide input, 

development of protocols for how to judge functional impacts, and a 

taxonomy for organizing and presenting the information. 

Longer-Term Actions: 

 Data mine past recovery research with a new functional recovery 

perspective to obtain information on impeding factors, demand-surge, 

reoccupancy decisions, and updated information on community 

tolerance. 

 Promote open-source tools for estimation of functional recovery and get 

them into hands of users. 

 Collect new functional recovery specific data from structures, both 

before and after events, and consider the use of social media for 

collecting information on the experiences of “real” people. 

 Develop integrated building-community models to calibrate target 

performance criteria. 

 Create infrastructure (clearinghouse) for sharing functional recovery 

research and information. 

 Support modern-day “librarians” to help navigate repositories (e.g., 

DesignSafe and SimCenter) because it is difficult to find specific 

information. 

3.3.3  Group 3-C: Design Professionals 

Design professionals are involved in code and technology development 

activities, and are expected to implement functional recovery concepts within 

the building and non-building structure context.  They also serve as a key 

interface with public stakeholders in the form of owners, developers, and 

users of the built environment.   

Needs:  

 Research information on how to achieve functional recovery. 
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 An understanding of what we are achieving now in terms of expected 

recovery-based performance using current safety-based design 

provisions.  

 Tools for every-day engineers to apply functional recovery (in common 

and familiar terms and processes), including simple design 

improvements that yield meaningful results, and possible tweaks to what 

we are already doing to improve performance without increasing costs. 

 Education for engineers on how to implement functional recovery in 

practice. 

 Education on functional recovery concepts for owners, architects, and 

contractors, to promote understanding and create allies across the entire 

project team. 

 Invention of better ways to build structural and nonstructural components 

in buildings to limit potential damage (e.g., drywall partitions, elevators).  

Immediate Next Steps:  

 Collaborate internally among practitioners through sharing at 

conferences, committee discussions, word of mouth, and peer-to-peer. 

 Benchmark and understand the functional performance of code-

conforming buildings. 

 Engage in the codes and standards development process (from the PUC, 

to ASCE 7 and the IBC) to bring minimum functional recovery concepts 

into building code provisions, appendices, or commentary, as 

appropriate. 

Longer-Term Actions: 

 Develop guidelines and best practices. 

 Utilize lessons learned from introduction of sustainable design concepts 

(e.g., LEED). 

 Develop advocacy information to facilitate buy-in from owners and 

developers, including: 

o Justification for why recovery-based performance is desirable and 

economical (benefit-cost data), and why it would be important to 

prospective tenants and other users. 

o Quantification of impacts on probable maximum loss (PML) 

assessments and insurance premiums. 
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o Specification of uniform, national, and codified criteria and 

procedures so that everyone is on an “equal playing field.” 

3.3.4  Group 3-D: Building Officials and State and Local  
Government Entities 

The concept of functional recovery has broad implications to state agencies 

and local jurisdictions that are actively promoting risk reduction or resilience 

plans.  Those involved in such efforts have been asking how proactive 

policies affect state and local government agencies and the workload on 

building departments.   

Needs:  

 Education for state and local officials and emergency managers on what 

functional recovery is and how it could work in their jurisdictions, and 

resources to help answer the questions that will arise. 

 Information on costs and benefits, including costs for implementation of 

functional recovery (who pays), and potential benefits (who receives the 

benefit), and consequences associated with not doing anything.  

 Outreach and communication to broaden stakeholder support, including: 

(1) information on earthquake risks, vulnerabilities, and expected losses 

for banking and lending institutions to engage those that can provide the 

money to do something; and (2) outreach to construction trades and 

associations that might oppose changes affecting construction costs and 

affordability, to promote benefits and minimize potential opposition.   

Immediate Next Steps:  

 Plan to take advantage of opportunities for public policy advocacy in the 

immediate aftermath of an earthquake (or other natural hazard event) 

when state and local officials and politicians might be more ready and 

willing to act.  Includes draft legislative actions or pre-prepared 

programs for mitigating risk before the next disaster.  

Longer-Term Actions: 

 Incorporate functional recovery provisions for new and existing 

buildings into building code provisions, appendices, or commentary, as 

appropriate.  Use knobs and levers available to change design 

requirements (e.g., strength, drift, detailing, bracing) to improve seismic 

performance. 
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 Incorporate building and lifeline performance objectives into the ICC 

Performance Code, and train building departments on implementation of 

performance-based approaches to design. 

 Assess the functional performance provided by the current building code.  

Communicate the expected performance to the general public, and 

correct misperceptions on what the building code provides.   

 Examine how research and development products are translated into the 

building code, and look for ways to reduce the time it takes to translate 

research into practice. 

 Develop and promote advocacy materials on why functional recovery is 

needed, considering what it might mean to each state, and how it relates 

to all hazards (including wildfire). 

3.3.5  Key Themes and Overarching Observations from Session 3 

The perspectives of each stakeholder group are unique to their area of 

emphasis and operation, but certain needs and activities were observed to 

come up more than once, or cut across multiple groups:     

 All groups expressed a need for more information, suggesting a strong 

coordinated need for additional leadership and funding at the federal 

level, the conduct of fundamental research, and technical and code 

development work to support implementation by design and lifelines 

professionals in buildings and lifeline infrastructure systems. 

 Most groups expressed a need for benefit cost procedures and advocacy 

information, which was considered necessary for making a strong case 

for implementation to owners, developers, code writers, building 

officials, politicians, and state and local government entities seeking to 

create risk mitigation or resilience programs. 

 Most groups expressed a need for education on functional recovery 

concepts and implementation at a multitude of levels (e.g., among federal 

agencies, state and local government entities, emergency managers, 

engineering practitioners, other design professionals, and owners, 

developers, and contractors). 

 All groups expressed a desire for uniform, consistent, and codified 

procedures for recovery-based design (i.e., code provisions), and more 

than one group expressed a need to benchmark and better understand the 

functional recovery performance that current code provisions are 

providing.    
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3.4  Use of Workshop Findings and Conclusions 

Information gathered during this FEMA-Sponsored Workshop on Functional 

Recovery is intended to inspire collaboration and inform future functional 

recovery efforts by FEMA and other research and development partners, 

including: other federal, state, and local agencies; research institutions; 

engineering associations; and codes and standards development 

organizations. 

It is envisioned that detailed discussions of functional recovery concepts in 

Breakout Sessions 1 and 2 will be used to inform ongoing and future 

technical development efforts, including, but not limited to, the ATC-138 

Project, and the NEHRP Provisions Update Committee Functional Recovery 

Task Committee.  It is further envisioned that information from plenary 

presentations (Appendix B), and information on ongoing activities from 

workshop participants (Appendix C) will be used to coordinate among public 

and private partners at all levels in future functional recovery developmental 

efforts. 

Each group plays a role, and we must all work together in advancing the state 

of knowledge and practice on improving post-earthquake functional 

recovery.   
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20212018

California Assembly 
Bill 1857
First use of “Functional 
Recovery” by California 
Assemblymember Adrin 
Nazarian, January 2018

NEHRP Reauthorization 
passes into Law by U.S. 
Congress
Adds Community Resilience 
and Functional Recovery to 
the NEHRP mandate, 
December 2018

2019

EERI Functional Recovery 
White Paper released
EERI releases conceptual 
framework with policy options 
to inform NIST/FEMA 
Functional Recovery Task Force 
that is just launching their 
study, August 2019.

2020

FEMA/NIST Functional 
Recovery Report released
“Recommended Options for 
Improving the Built Environment 
for Post-Earthquake 
Reoccupancy and Functional 
Recovery Time” FEMA P-2090/ 
NIST SP-1254 official released, 
January 2021

.

California Assembly 
Bill 393
“Functional Recovery” Standard 
concept re-introduced by 
California Assemblymember 
Adrin Nazarian, January 2019

California Assembly 
Bill 1997
“Functional Recovery” Standard 
concept re-introduced by 
California Assemblymember 
Adrin Nazarian, January 2020

California Assembly 
Bill 1329
“Functional Recovery” Standard 
re-imagined by California 
Assemblymember Adrin 
Nazarian with support from 
SEAOC, January 2021

ICC & CALBO Seismic Roundtable 
+ ICC Next Steps Forum
Two comprehensive workshops to 
consider Functional Recovery for new 
building construction in July and 
October 2019

2003

Various research studies consider 
levels of functionality required for 
community resilience
Decades of research lay the groundwork 
for functional recovery concepts, notably: 
Bruneau, et al. in 2003, FEMA P-58 in 2012, 
and NIST Community Resilience Planning 
Guide for Buildings and Infrastructure 
Systems in 2016
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FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

Thank you!
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FEMA-Sponsored Workshop on Functional Recovery

ATC-138 Project

Development of an ATC-138 
Functional Recovery Methodology:

Challenges and Assumptions

FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery
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FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery
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FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

Seismic Performance 
Assessment of Buildings, 
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FEMA-Sponsored Workshop on Functional Recovery

Fragility Spec

Building Performance Model

FEMA-Sponsored Workshop on Functional Recovery

Repair Time

Full Repair

FEMA-Sponsored Workshop on Functional Recovery

Level of  Building Functionality

Repair TimeInspection
Red Tag clearance

Financing
Design/Permitting

Mobilization

Reoccupancy
Functional 
Recovery Full Repair

FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery
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FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

Level of  Performance
X% of  the building 

floor area

Performance State
This tenant unit is/is-not 

functional

FEMA-Sponsored Workshop on Functional Recovery

Check 1.
Building Safety

Check 3.
Local Safety

Check 4.
Tenant Function

Building Function

Check 2.
Story Access

FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery
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FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

Reoccupancy

Functional Recovery

Full Functionality

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery
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FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

Thank you!
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FEMA-Sponsored Workshop on Functional Recovery

Defining Building Uses for a 
Future Functional Recovery 

Standard

FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery
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FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery
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FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery
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FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery

FEMA-Sponsored Workshop on Functional Recovery FEMA-Sponsored Workshop on Functional Recovery
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1ATC-138 Functional Recovery Project

Building Reoccupancy and Recovery Times 
as Measured by the ATC-138 

Functional Recovery Methodology

Work by: Ed Almeter, Laxman Dahal, 
D. Jared DeBock, Curt Haselton, Abbie Liel
(and Dustin Cook via NIST collaboration)

Presented by: D. Jared DeBock, PhD, PE

SP3 | where research meets practice
www.sp3risk.com

Functional Recovery Workshop | August 17-18, 2022

2

© HB Risk Group

Purpose of this Presentation

Session #2: Hazard Level(s) and Target Recovery Times

Small Group Break-out Discussions:
• Topic 2A (35 min): What hazard level(s) should be 

used for FR performance objective(s)? (What is 
appropriate amount of consideration for FR at various 
hazard levels?)

• Topic 2B (30 min): What should be the target FR times 
or priorities for various occupancies (and for different 
hazard levels)?

• Topic 2C (30 min): How should impeding factors be 
addressed in recovery time calculations and in 
communicating results?

Purpose of Talk: Provide seed information for the Session #2 breakout discussions.

3

© HB Risk Group

Focus of Talk: Show estimated functional recovery times (and reoccupancy times) for new 
buildings.  Times based on FEMA P-58 with recent ATC-138 Functional Recovery Methodology 
extension.

Overview of Topics:
 Building/site text matrix (592 buildings shown here)

 Functional recovery time results for modern buildings

 Individual building examples

 Results for all buildings (average and variability)

 “Common offenders” (which building systems/components are damaged)

 Sensitivity assessments:

 Methodology components (e.g. if we include impeding times)

 Design aspects (e.g. RC II vs. RC IV)

 Summary/discussion

Overview 
4

© HB Risk Group

Building Test Matrix: Building Types

Structural System Age Occupancy Risk 
Category

Stories

Wood Light Frame New Residential II 1, 2
Wood Light Frame New Residential II, IV 5
Wood Light Frame New Office II, IV 5

Precast Concrete Tilt‐Up  New Warehouse II, IV 1
Precast Concrete Tilt‐Up  Pre‐NR Warehouse II, IV 1

Steel Perimeter Moment Frame New Office, Healthcare II, IV 3, 5, 12, 20
Steel Perimeter Moment Frame Pre‐NR Office II, IV 5, 12
Steel BRBF, no back‐up frame New Office II, IV 5, 12
Steel BRBF, with back‐up frame New Office II, IV 5, 12
Steel Concentric Braced Frame New Office II, IV 5, 12

Reinforced Concrete Moment Frame New Office, Residential II, IV 5, 12
Reinforced Concrete Moment Frame Pre‐1971 Office II 5, 12

RC Shear Wall (coupled in one direction) New Office, Healthcare II, IV 3, 5, 12, 20
RC Shear Wall (coupled in one direction) New Residential II, IV 5

RC Cantilever Shear Wall  Pre‐1971 Office ‐‐ 5, 12

5

© HB Risk Group

Building Test Matrix: Site Locations

592 building cases run.  Baseline plots are for new RC II buildings at 
three high seismic sites (LA, Riverside, SF), and variations are noted.

City State Site Class SS [g] S1 [g] SDC Lat Long FEMA 570 
Site ID

Return Period 
@ DE (years)

Return Period 
@MCE (years)

Los Angeles California D 2.40 0.84 E 34.05 ‐118.25 1 581 1356
Riverside California D 1.50 0.60 D 33.95 ‐117.40 6 330 839

San Francisco California C 1.50 0.64 D 37.75 ‐122.40 16 415 986
San Diego California D 1.25 0.48 D 32.70 ‐117.15 9 ‐‐
Oakland California D 1.86 0.75 D 37.80 ‐122.25 12 ‐‐

Sacramento California D 0.67 0.29 D 38.60 ‐121.50 15 ‐‐
San Jose California D 1.50 0.60 D 37.35 ‐121.90 18 ‐‐
Seattle Washington C 1.37 0.53 D 47.60 ‐122.30 22 ‐‐
Portland Oregon D 0.98 0.42 D 45.50 ‐122.65 25 ‐‐

Salt Lake City Utah D 1.54 0.56 D 40.75 ‐111.90 26 ‐‐
St. Louis Missouri  C 0.44 0.17 C 38.60 ‐90.20 30 ‐‐
Memphis Tennessee D 1.01 0.35 D 35.15 ‐90.05 31 ‐‐
New York New York C 0.28 0.07 B 40.75 ‐74.00 34 ‐‐

Anchorage Alaska D 1.50 0.68 D 61.22 ‐149.90 ‐‐ ‐‐
Hilo Hawaii C 1.50 0.60 D 19.71 ‐155.09 ‐‐ ‐‐

442 1060Average

6
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Results for Individual Buildings: New Steel Moment Frame

Take Away: Low times at SLE (just for median), several months at DE, a year at MCE. 

CBH1

1 2

3 4

5 6
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Results for Individual Buildings: New Steel Moment Frame

Take Away: Low times at SLE (just for median), several months at DE, a year at MCE. 
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Results for Individual Buildings: New RC Shear Wall

Take Away: Low times at SLE (just for median), several months at DE, a year at MCE. 
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Results for Full Set of Buildings: RC II

Sanity Checks:
• Typical Best Case: 1-Story Residential WLF in LA
• Typical Worst Case: 12-story Office SCBF in Riverside

Take Away: Lots of spread between buildings (since code doesn’t design for function).
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Results for Full Set of Buildings: RC II
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Results for Full Set of Buildings: RC II vs. RC IV
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Results for Full Set of Buildings: RC II vs. RC IV
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Results for Full Set of Buildings: RC II vs. RC IV

RC II RC IV

Take Away: Risk Category IV delays the onset of damage around SLE, but results similar at DE (and MCE) levels.
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Most Frequent System/Component “Offenders”

Take Away: FEMA P-58/ATC-138 identifies system causing issues, so they can be designed resiliently.

15

© HB Risk Group

Most Frequent System/Component “Offenders”

• Reoccupancy offenders (ordered, 
mostly falling hazards):
 Stairs when no seismic joint (C2011.xx)

 Curtain/exterior walls (B2022/B1071)

 HVAC components (C3041)

 Pendant lighting (C3034.002)

 Suspended ceilings (C3032.003c)

• Functional Recovery (ordered):
 Electrical distribution panel (D5012)

 Elevators (D1014)

 HVAC components – ducting, drops, VAV 
boxes (D3041)

 Air handling units (D3052)

 Cooling tower (D3031)

 Exterior walls (B1071)

Take Away: FEMA P-58/ATC-138 also identifies the specific components causing issues, so they can be designed resiliently.

16

© HB Risk Group

Sensitivity to Methodology Components

17

© HB Risk Group

Sensitivity to Method Components: Impeding and Long-Lead

Take Away: Impeding factors and long-lead items increase recovery times substantially.

18

© HB Risk Group

Sensitivity to Method Components: Specific Impeding Times

Take Away: Impeding factors are mostly in parallel, so you get most of the effect even if you turn some off.

13 14

15 16

17 18
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Sensitivity to Method Components: Cash-on-Hand Before Loan

Take Away: Financing details generally don’t control (permitting/design/contracting does).

20

© HB Risk Group

Sensitivity to Method Components: Temp. Repair Allowance

Take Away: Allowing temporary repairs reduces recovery times some.  Important caveat is that the impact depends 
heavily on what is allowed to be temporarily repaired to regain basic function; if we are more permissible with what can 
be resolved with temp repair, then recovery times would be much lower between at SLE and even some DE levels.

21
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Trends for Building Design

How do some occupancy and design items affect results?

• RC II vs. IV

• New vs. Old buildings

• Occupancy (residential vs. commercial office)

22

© HB Risk Group

Trends for Building Design: Risk Category II versus IV

Take Away: RC IV delays onset of FR issues (near 72yr to 108yr), but then results are similar for DE and MCE.  

23

© HB Risk Group

Trends for Building Design: Old vs. New Buildings

Take Away: New buildings are better (but we didn’t need to tell you that).

24

© HB Risk Group

Trends for Building Design: Occupancy

Take Away: Similar results, with residential slightly better because more damage is allowed. 

19 20

21 22

23 24
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Recovery Times vs. Damage Ratio
26

© HB Risk Group

Recovery Times vs. Damage Ratio

27

© HB Risk Group

Results for a Real Project (Mar Structural Design)

Take Away: New practitioner design (RC wall lab building) was also taken through this process (full RHA).   
Results are comparable to what we have shown for main 592 building study. FEMA P-58/ATC-138 is 
enabling resilient design for this project by identifying which specific components need more resilient design.

28

© HB Risk Group

Summary 

• ATC-138 has extended the FEMA P-58 analysis method to now modeling/estimate functional 
recovery time (and reoccupancy times).

• Results for code-compliant buildings vary widely building-to-building and site-to-site (because the 
code doesn’t try to design for function).  Typical average values for high-seismic CA sites are:
 SLE: Current code design delivers near-immediate occupancy/function for most systems

 DE: Several months of recovery time (so need more resilient design to have quick recovery at DE)

 MCE: Long recovery (but probably not the focus of FR design)

• Impeding factors have important influence in the estimated recovery times (so please discuss 
how to handle them in Breakout #2c!).

• Risk Category IV delays onset of damage and function issues (near SLE), but doesn’t help much 
once we get to DE and MCE levels.

• Results are similar for a current practitioner design (and this methodology is already being used 
to inform resilient design as we speak).

• Looking toward the future, FEMA P-58/ATC-138 studies like this can be use to both inform FR 
acceptance criteria, and also to calibrate what prescriptive design requirements would meet FR 
goals. 

25 26

27 28
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Develop a Functional Recovery Framework 

recovery-based objectives

Motivation:

Outline

Establishing Recovery Goals: 
Previous Efforts

Community-Level Goals Building-Level Goals
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Example Recovery Goals Example Recovery Goals

Stakeholder Workshops 
supporting development of 
the NIST-FEMA Functional 

Recovery Report

National Input on Functional Recovery 

Workshop Participation

acceptable recovery 
times 

Workshop Objectives
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Defining Acceptable Recovery Times Stakeholder Workshop Takeaways

Draft Conceptual Basis for 
Framework

Proposed Recovery 
Categories and Recovery 

Times: 12NCEE Paper

Results from 12NCEE Special Session
Salt Lake City, UT 

June 2022

Question 1: What is your current position?

   ATC-58-7 B: Plenary Presentations B-29

16

Recovery 
Category

Recovery 
Phase

Community Functions or Services Target 
Recovery 

Time

Example Buildings and Infrastructure Enabling 
Function or Service

A Immediate Public Health and Safety;
Telecommunications and Cyber; 

Infrastructure; Healthcare (acute);  
Shelter

0-24 hours Cell Phone Towers; Emergency Operations Center; Fire 
Stations; Hospitals; Lifelines; Police Stations; 

Designated Shelters

B Near Term Key Transportation Services; Housing; 
Banking and Finance;  Resources;
Energy and Electricity; Food and 

Water; 
Healthcare (outpatient)

1-6 days Critical Retail (Grocery Stores, Home Improvement); 
Nursing Homes; Outpatient Medical; Pharmacies; 
Residential Water; Transportation Nodes (roads, 

bridges, ports, runways)

C Short Term Education; Governance; Housing; 
Cultural Identity (religious); 

Local Economy (jobs); 
Social Support; 

1-4 weeks Courthouses; Daycares; Government Buildings; Lifeline 
Infrastructure that supports Short Term Functions; Major 
Regional Employers; Schools and Rec Centers; Single-

and Multi-family Residential

D Long Term Cultural Identity (landmark);
Entertainment; Recreation

1 month+ Buildings not assigned to other categories; Historic 
Buildings; Landmarks; Museums; Night Clubs; Religious 

Centers; Stadiums; Restaurants; Other Commercial 
Buildings (small business, retail, etc.); Theaters; Country 

Clubs

16



Question 2: On a scale of 1 (unfamiliar) to 5 (very 
familiar), how familiar are you with functional recovery 
concepts?

Question 3: Should target recovery timeframes be 
defined in terms of hours, days, weeks, etc….?

Question 3a: If not, what alternative timeframes 
would you suggest?

(3 responses)

Question 4: What is your preference for the number 
of recovery categories needed to represent variations 
in recovery priorities?

Question 4: What is your preference for the number of 
recovery categories needed to represent variations in 
recovery priorities?

Question 5: Should target recovery times (a) only include 
the time to repair the damage (i.e., repair time) or (b) also 
include delays impeding the repairs (i.e, recovery time)?
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Question 5b: If recovery time was targeted, what should 
be the target recovery time be for recovery category D 
(long term)?

Question 6: Whether considering recovery or repair 
time, what confidence level should be targeted?

Question 6: Whether considering recovery or repair 
time, what confidence level should be targeted?

Question 7: Should target recovery times be established 
for a (a) single hazard level or (b) across multiple 
hazard levels?

Question 8: Should the table be based on something 
other than community functions and services?

Question 9: What critical information is missing 
from the table?
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Key Takeaways from Mini Workshop Next Steps on Improving/Finalizing the 
Dataset 

Thanks!
siamak.sattar@nist.gov
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FEMA-Sponsored Workshop on Functional Recovery: Hazard Level(s) and Target Recovery Times

What hazard level(s) should be used for FR performance 
objective(s)? (What is appropriate amount of consideration 
for FR at various hazard levels?)

Scenario/deterministic

Uniform-hazard

Risk-targeted

Pros:

Figure citation:

Pros:

Figure citation:
Earthquake Spectra

Pros:

Cons:

Disclaimer:
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Pros:

Figure citation: ATC-40

Pros:

Cons:

Figure citation: Prentice Hall

Pros:

Cons:

Disclaimer:

Pros:

Cons:

Disclaimer:

“Often the courts become the final judge of 
whether a proposed course of action for 
mitigating a hazard is acceptable. The body 
of law that has been developed in the area 
of flood plain regulation is a useful guide to 
judicial reactions to hazard mitigation. The
lesson is to match severity of the 
regulation to the severity of the risk. The
courts follow the principle of the reasonable 
person who strives to achieve this balance, 
and uses data to support findings of the 
appropriate balance.”

Figure citation: ATC 3-06

(ATC 3-06)

(ASCE 43-05)

ASCE 7-10

ASCE 7-16)

2023 AASHTO Specifications
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Table citation:
Proceedings of the 12th National Conference on Earthquake Engineering Figure citation: ATC 3-06

Figure caption:
U.S. Geological Survey Scientific Investigations Report 2017–5013–A–H

ASCE 7
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Risk Considerations for Selection of 
Targets for Functional Recovery 

Assessment

FEMA-Sponsored Workshop on
Functional Recovery

Jack W. Baker

1

Topics

1. Approaches for choosing performance goals

2. Unit of measure for target performance criteria

3. Choosing a target hazard level for analysis

J. Baker

2

Question 1 

What general 
approaches are used 
to choose tolerable 
performance criteria?

J. Baker

3

Big picture: bases for tolerable performance criteria

There are four bases for developing risk regulations and criteria

1. risk-cost–benefit measures
2. past performance or revealed preferences 
3. societal preferences or expressed preferences
4. natural standards, e.g. as in some environmental risk criteria 

Vrijling et al. (2004) A framework for risk criteria for critical 
infrastructures: fundamentals and case studies in the Netherlands. J. Baker

4

Bases for performance criteria

1. risk-cost–benefit measures
2. past performance or revealed preferences 
3. societal preferences or expressed preferences
4. natural standards, e.g. as in some environmental risk criteria 

J. Baker

5

Pate-Cornell (1994). “Quantitative safety goals for risk 
management of industrial facilities.” Structural Safety.

Bases for performance criteria

1. risk-cost–benefit measures
2. past performance or revealed preferences 
3. societal preferences or expressed preferences
4. natural standards, e.g. as in some environmental risk criteria 

Galambos et al. (1982). “Probability Based Load 
Criteria - Assessment of Current Design Practice.”

Reliability of components per 
Allowable Stress Design criteria 

J. Baker

6
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Load combination
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Bases for performance criteria

1. risk-cost–benefit measures
2. past performance or revealed preferences 
3. societal preferences or expressed preferences
4. natural standards, e.g. as in some environmental risk criteria 

J. Baker

7

See also Tanner, Chang, and Elwood (2020). “Incorporating societal expectations 
into seismic performance objectives in building codes.” Earthquake Spectra.

Bases for performance criteria

1. risk-cost–benefit measures
2. past performance or revealed preferences 
3. societal preferences or expressed preferences
4. natural standards, e.g. as in some environmental risk criteria 

SPUR (2009) J. Baker

8

How might these bases apply for functional recovery?

1. Cost-benefit is informative

2. Past building codes have not 
quantified resilience, and so 
provide little calibration 

3. Revealed and expressed 
preferences are generally at a 
community level, not for individual 
buildings 

4. (Natural standards are not relevant)

J. Baker

9

Question 2 

What unit of measure 
could we use to 
specify target 
performance criteria?

J. Baker

10

Unit of measure for target performance criteria

A person?
A building?
A community?
The nation?

J. Baker

11

Per-community metrics don’t lead to unique 
per-building strategies

J. Baker

12

A- B- D B B C F B+ C

   B-38 B: Plenary Presentations ATC-58-7



Per-community metrics don’t lead to unique 
per-building strategies

J. Baker

13

A- B- D B B C F B+ CA+?

Per-community metrics don’t lead to unique 
per-building strategies

J. Baker

14

Haywired scenario

Per-nation analysis should likely be normalized to a per-
person risk metric

J. Baker

15

Question 3 

What hazard level 
should we choose 
for analysis?

J. Baker

16

Choosing a target hazard level

An analysis procedure can be considered a predictive tool: 

the designer, having followed the procedure, will expect the resulting 
structure to be sufficiently functional during its lifetime

J. Baker

17

Choosing a target hazard level

An analysis procedure can be considered a predictive tool: 

the designer, having followed the procedure, will expect the resulting 
structure to be sufficiently functional during its lifetime

J. Baker

18

LRFD equation check 
with design loads 

LRFD equation check 
with design loads 

Low probability of 
component failure
Low probability of 
component failure

ASCE 7 DBE seismic 
member forces and 

drifts are acceptable

ASCE 7 DBE seismic 
member forces and 

drifts are acceptable

Low lifetime 
probability of building 

collapse

Low lifetime 
probability of building 

collapse

Procedure: Performance:
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Choosing a target hazard level

An analysis procedure can be considered a predictive tool: 

the designer, having followed the procedure, will expect the resulting 
structure to be sufficiently functional during its lifetime

J. Baker

19

LRFD equation check 
with design loads 

LRFD equation check 
with design loads 

Low probability of 
component failure
Low probability of 
component failure

ASCE 7 DBE seismic 
member forces and 

drifts are acceptable

ASCE 7 DBE seismic 
member forces and 

drifts are acceptable

Low lifetime 
probability of 

building collapse

Which of these to specify today?

Choosing a target hazard level

J. Baker

20

We have three coupled choices to 
make for an analysis procedure:

1. The checking procedure
2. The hazard level
3. The performance target at that 

hazard level

Good choices will produce 
informative performance 
predictions

Analysis procedure
(ATC-138, building only)

A

B

Hazard level

Pe
rf

or
m

an
ce

 ta
rg

et

Considerations for your discussion

J. Baker

21

We can consider multiple resources when setting performance goals
1. Cost-benefit analysis
2. Past performance
3. Expressed preferences

Our hazard level targets need to be compatible with other decisions:
1. Unit of measure for performance (e.g., building vs community)
2. Analysis check conditions

› Analysis procedure
› Hazard level
› Performance target
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FEMA-Sponsored Workshop on Functional Recovery

Session #3: Where do we go from here?

Overview of Ongoing Work from 

Pre-Workshop Questionnaires

Susan Dowty

Inspire Collaboration and Inform Future Efforts

FEMA-Sponsored Workshop on Functional Recovery

Sent Email on July 22, 2022 

FEMA-Sponsored Workshop on Functional Recovery

How Many Were Received?
51 Questionnaires were received from 35 individuals  

Stakeholder Group
Federal Government Agencies 7
Researchers & Lifelines 12
Practitioners 22
State & Local Gvt
Codes & Stds Organizations

10

FEMA-Sponsored Workshop on Functional Recovery

How Do Projects Relate to 
FEMA/NIST Report  Recommendations?

FEMA-Sponsored Workshop on Functional Recovery

How Do Projects Relate to 
FEMA/NIST Report  Recommendations?

Recommendation #

1 Functional Recovery Framework 33

2 & 3 Designing New & Existing Buildings to Meet Recovery-
Based Objectives

31

4 Designing New and Existing Lifeline Infrastructure 14

5 Pre-Disaster Recovery Planning 20
6 Education and Outreach 14
7 Financial Resources 7

FEMA-Sponsored Workshop on Functional Recovery

Breaking Down the Projects

 ATC Projects: 5

 NIST Projects: 4

 Code & Standard Development Projects: 9

 Other Projects: 23

1 2

3 4

5 6

   ATC-58-7 B: Plenary Presentations B-41



FEMA-Sponsored Workshop on Functional Recovery

ATC Projects
 ATC 138: Support of Performance-Based Seismic Design of 

Buildings

 ATC 140: Update of Seismic Evaluation and Retrofit of Existing 
Buildings Guidance

 ATC 150: Improving the Nation’s Lifelines Infrastructure to 
Achieve Seismic Resilience (FEMA)

 ATC 152: Developing a Framework for Design of Lifeline 
Infrastructure Systems for Functional Recovery (NIST)

 ATC 155: Development of an Updated Plan to Coordinate 
NEHRP Post-Earthquake Investigations, Phase II 

FEMA-Sponsored Workshop on Functional Recovery

NIST Projects

 NIST Study on Recovery Categories and Recovery 
Times

 NIST Reports and Journal Papers 
– Prescriptive requirements for FR

– Improve nonstructural performance data for recovery-based 
PBEE

– Target building level performance objectives based on 
regional performance 

FEMA-Sponsored Workshop on Functional Recovery

 2023 Update of the USGS National Seismic Hazard Model

 BSSC/PUC Functional Recovery Task Committee

 ASCE 7-28 Seismic Subcommittee

 Reimagining the ICCPC

 2024 IBC development (S74-22 through S78-22)

 FEMA Seismic Code Support Committee (SCSC, ATC 136)

 Ongoing BSSC and code and standards work

 ASCE 41: Seismic Evaluation and Retrofit of Existing Buildings

 NEHRP Resource Paper: Resilience Based Design

Codes & Stds Development Projects

FEMA-Sponsored Workshop on Functional Recovery

Other Projects

 Structural Extreme Events Reconnaissance (StEER) 
Network Project 

 PEER Transportation Research Program

 Bridge Rapid Assessment Center for Extreme Events 
(BRACE2) Project

 Concrete Wall Typology Study with Rocking and 
Conventional Walls

 Downtime and model recovery of buildings.

FEMA-Sponsored Workshop on Functional Recovery

Other Projects (cont.)
 Investing in Housing Capacity for Crisis Preparedness

 Center for Risk-Based Community Resilience Planning

 Automated Structure Alert Program (ASAP)

 Educate design professionals and advance FR 
legislation

 Identify reach opportunities beyond the SE community 
to advance FR and CR Concepts

 Automated building inventory collection for disaster 
mitigation and civil projects

FEMA-Sponsored Workshop on Functional Recovery

Other Projects (cont.)

 Accelerated Building Reoccupancy Program

 WAsafe Building Safety Evaluators

 Community Resilience Group Leader and Program 
Manager

 Statewide Community Outreach and Education

 Utah Credentialing of ATC Evaluators

 Ongoing CA Seismic Safety Commission Work

 FR Times of Code Compliant Buildings

7 8

9 10

11 12
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FEMA-Sponsored Workshop on Functional Recovery

Other Projects (cont.)
 Hazard and Climate Risk Acknowledgment Form

 ASTM Resilience Property Assessment Guide

 Resilience-based Inventories Project (SEAONC Special 
Project)

 Earthquake Functional Recovery Roundtable

 Risk Communication Strategies for Community 
Preparedness 

 Seismic/Resilience Support for a large water 
infrastructure project in Portland, OR

FEMA-Sponsored Workshop on Functional Recovery

Opportunities for Collaboration?

YES!
Inspire Collaboration and Inform Future Efforts

FEMA-Sponsored Workshop on Functional Recovery

Other Information included with Questionnaires  

 Contact information

 Description

 Timeline

 Deliverable and Intended Audience

 Opportunities for Collaboration with Others

 How to Learn More

FEMA-Sponsored Workshop on Functional Recovery

Today’s Presentations

 NIST Prescriptive Design Procedures (Dustin Cook)

 NIST Study on Benefit-Cost Analysis (Juan Fung) 

 NIST Study on Lifelines, ATC-152 (Katherine Johnson)

 FEMA Study on Lifelines, ATC-150 (Mike Mahoney)

 Downtime & Recovery Framework (Carlos Molina Hutt)

 FR Times of Code-Compliant Buildings (Jakub Valigura)

 ICCPC and Functional Recovery (Brian Meacham)

FEMA-Sponsored Workshop on Functional Recovery

Be Thinking About

 How does it relate to what you’re currently working on?

 What is your “next step” for functional recovery 
development?

 What are some challenges you’re facing?

 What do you need from this group to overcome those 
challenges?

Inspire Collaboration and Inform Future Efforts

FEMA-Sponsored Workshop on Functional Recovery

Thank you!

13 14
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Dustin Cook, PhD, PE
Siamak Sattar, PhD
Earthquake Engineering Group
National Institute of  Standards and Technology
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Economic Considerations for 
Recovery‐Based Design

FEMA-ATC Workshop on Functional Recovery

Juan F. Fung 
Dustin Cook 
Yating Zhang 

Katherine Johnson 
Siamak Sattar

1/ 23

National Institute of Standards and Technology

August 18, 2022
2/ 23

Introduction and motivation

Introduction and motivation

What do we need to advance functional recovery?
► Design guidelines (engineering for recovery time)
► Performance evaluation (modeling recovery time)
► Economic evaluation (value of improved recovery time)

► Key to adoption and implementation

3/ 23

This project: Economic evaluation

Economic decision support for functional recovery

Conceptual framework summarizing economic considerations Case studies to illustrate the framework

4/ 23

Feasible economic analysis for plausible recovery-based design

5/ 23

Economic framework

Goal: Tailor economic evaluation for functional 
recovery

Conceptual framework to guide economic evaluation1

► Assist implementation by providing a thorough checklist of 
benefits, costs, and relevant stakeholders

► Suggest existing methods for quantification or areas where 
research is needed

► Applies to any new or existing building

1NIST SP 1277 (2022). A Framework to Evaluate the 
Cost-Effectiveness of Recovery-Based Design. 
https://doi.org/10.6028/NIST.SP.1277

6/ 23

1 2

3 4

5 6
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Framework: Estimating benefits
Category Loss Examples 

Building damageDamage 
Casualties

Direct
Injuries/fatalities
Business interruption 
Indirect property* 
Supply chain disruption* 
Displacement
Underserved communities** 
Government assistance** 
Debris
Energy consumption 
Emissions*

Economic losses

Social lossesIndirect

Physical losses

Note: * = research need with precedent in related literature; **
= research need without precedent 7/ 23

Framework: Estimating costs

8 / 23

9 / 23

Framework: Benefit‐cost analysis (BCA)

► Why BCA?
► Comprehensive
► Interpretable
► LCC or CEA may be appropriate when cost is primary 

concern
► What is new/different?

► Benefits tied to (time to) recovery of function

10/ 23

Framework: Benefit‐cost analysis (BCA)

Decision criteria
► BCR:

PV (Bi)
PV(Ci) > 1

► NPV:

PV(Bi) − PV(Ci) > 0

11/ 23

Case study

12/ 23

Goal: Illustrate economic analysis

Not meant to convey recommendations on acceptable 
design.

► Focus on new buildings
► Show steps, inputs, considerations for conducting 

economic evaluation
► Highlight gaps
► Benefits included:

► Repair costs
► Business income
► Rental income
► Displacement (relocation costs)

7 8

9 10

11 12

   B-52 B: Plenary Presentations ATC-58-7



Case study: Analysis parameters

Parameter Values
δ
T
0

3%
50
Baseline design:
- Commercial office building
- Site: SDC D (Sds = 1.0g and Sd1 = 0.6g)
- Soil: Site Class C
- Designed per ASCE 7-16 (B-4)2

2Cook, D. and Sattar, S. (2022). The Effect of Increased Strength and 
Stiffness Requirements on the Functional Recovery Performance of 
Reinforced Concrete Special Moment Frames. 12th National Conference 
on Earthquake Engineering, Salt Lake City, UT.

13/ 23

Case study: Analysis parameters

Parameter
i = s

Values
(RCMF) Ie = 1.5, Drift = 1%
(BRBF) Add backup frame
Includes bracing upgrades, stiffening and anchoring
improvements, falling hazard mitigation, and use of
seismically rated components

i = ns

s = structural improvements, ns = nonstructural
improvements

14/ 23

15/ 23

Case study: RCMF

Table 3: 8-story RCMF: Benefit-cost ratio (BCR), net present value 
(NPV), and cost increase, for T=50, delta=0.03.

Model BCR NPV Cost increase
s 0.002 -$690,538 4.17%
ns 3.568 $350,575 0.82%
s+ns 0.710 -$240,498 4.99%

Note: s = structural improvements only; ns = nonstructural 
improvements only; s+ns = structural + nonstructural 
improvements

Case study: RCMF
s

s+ns

ns

0 2 4

bi

delta

T

bi

delta

T

bi

delta

T

Benefit−cost ratio

16/ 23

P
ar
am
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er

Sensitivity Analysis: Benefit−cost ratios for 8−story RCMF archetypes, relative to baseline ASCE 7−16 design

17/ 23

Case study: BRBF

Table 4: 4-story BRBF: Benefit-cost ratio (BCR), net present value 
(NPV), and cost increase, for T=50, delta=0.03.

Model BCR NPV Cost increase
s 0.671 -$33,773 1.49%
ns 4.510 $302,609 1.25%
s+ns 2.429 $270,047 2.74%

Note: s = structural improvements only (backup frame), ns = 
nonstructural improvements only, s+ns = structural + 
nonstructural improvements

Case study: BRBF

s+ns

ns

2 4 6

bi

delta

bi

delta

T

bi

delta

T

Benefit−cost ratio

18/ 23

P
ar
am

et
er

Sensitivity Analysis: Benefit−cost ratios for 4−story BRBF archetypes, relative to no nonstructural improvements

s

T

13 14

15 16

17 18
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Case study: Distributed BCA Example

Table 5: Distributed benefit-cost analysis: 4-story RCMF with 
nonstructural improvements only (ns), assuming cost is shared 
evenly by owner (title holder) and tenant, for T=50, delta=0.03. 
Based on NIBS (2019).

Stakeholder Weights Distributed Cost Distributed BCR Distributed NPV 
Developer 0.004 $0.00 $1,009.15

19/ 23

Title holder 0.316 $65,714.50 1.21 $14,008.13
Lender 0.014 $0.00 $3,532.02
Tenant 0.466 $65,714.50 1.79 $51,851.15
Community 0.200 $0.00 $50,457.36

20/ 23

Conclusion

21/ 23

Case study takeaways

► Benefits from nonstructural improvements may be 
significant compared to their costs

► Biggest beneficiaries do not necessarily bear cost
► Opportunities to quantify additional (e.g.,

community-level) benefits of improved recovery time => 
results represent plausible lower bound

22/ 23

Case study limitations

► Single building (e.g., no variation in site seismicity or other 
design parameters)

► Results illustrate FR-BCA and are not intended to make or 
inform design recommendations

► Cost estimates plausible, within data constraints. Not 
intended to reflect actual construction costs

► Assumption: Cost deltas are reasonable
► Did not consider potential increases in implementation 

costs (e.g., QAQC)

23/ 23

Future directions

► Future directions
► Extending the case studies to consider SMF and RC shear 

wall systems (in progress)
► Estimating environmental benefits from improved 

recovery times (in progress)
► From framework to standard

19 20

21 22

23
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Presenter: Katherine Johnson
Co-Authors: Craig Davis, Applied Technology Council, Siamak Sattar

FEMA-Sponsored Workshop on Functional Recovery
August 18, 2022

DEVELOPING LIFELINES FUNCTIONAL 
RECOVERY

OUR MOTIVATION

NIST is a bureau of the U.S. Department of Commerce, which currently has 5 key strategy 
areas:

Drive U.S. Innovation and Global Competitiveness

Foster Inclusive Capitalism and Equitable Economic Growth

Address the Climate Crisis Through Mitigation,  Adaptation, and Resilience Efforts

Expand Opportunity and Discovery Through Data

Provide 21st Century Service with 21st Century Capabilities

NIST's mission is to promote U.S. innovation and industrial competitiveness by 
advancing measurement science, standards, and technology in ways that enhance economic 
security and improve our quality of life.

Our efforts within NIST's Engineering Laboratory fall under the Earthquake Risk Reduction in 
Buildings and Infrastructure Program

NIST is also a core partner in, and lead agency for, the National Earthquake Hazards Reduction 
Program (NEHRP)

BACKGROUND LITERATURE

(2014) NIST GCR 14-917-33: Earthquake-Resilient Lifelines: NEHRP Research, Development and 
Implementation Roadmap

(2016) NIST GCR 16-917-39: Critical Assessment of Lifeline System Performance: Understanding Societal 
Needs in Disaster Recovery

(2018) NIST SP 1224: Research Needs to Support Immediate Occupancy Building Performance Objective 
Following Natural Hazard Events

(2021) NIST SP-1254/ FEMA P-2090: Recommended Options for Improving the Built Environment for Post-
Earthquake Reoccupancy and Functional Recovery Time

(2021) NIST SP-1269: NIST-FEMA Post-Earthquake Functional Recovery Workshop Report

RELATED NIST ACTIVITIES INVOLVING INFRASTRUCTURE

NIST Community Resilience Group

NIST CoE on Community Resilience

Contract on Transportation Recovery Decision-making Tool

Transportation Functional Recovery Roundtable

Other infrastructure-focused research projects

PROJECT SCOPE

[ATC 152] Title: "Developing a Framework for Design of Lifeline Infrastructure Systems 
for Functional Recovery"

Organization: Project Director- Craig Davis; Technical Committee, Review Panel (tbd)

Support identification of target recovery timeframes for the functional recovery of three 
lifelines systems: water, wastewater, and electric power

Key recommendation from NIST SP 1254: “Recommended Options for Improving the Built 
Environment for Post-Earthquake Reoccupancy and Functional Recovery Time” to establish nationally 
applicable set of recommendations for producing functional recovery of lifelines

WHAT ARE WE TARGETING ON THE RECOVERY CURVE?

There are a number of service 
categories which together constitute a 
lifeline service; each recovers at a 
different rate and most are not 
independent of one another

Before full functionality (full system 
restoration) can be achieved, there is 
usually some level of 
operability whereby basic 
functions/services of the lifeline are 
operational; this is the same concept as 
functional recovery but the specific 
attributes needed for each system may 
differ
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BUILDING ON CURRENT METHODOLOGIES

The project is building upon the 
idea of performance based seismic 
design to identify a suitable process 
for lifelines infrastructure

The technical committee has 
stressed the need not only for asset 
design procedures, but also 
delineation of organizational 
activities necessary to support 
performance achievement and is 
developing a framework which 
incorporates these parallel tracks

FOR WHOM?

This draft concept for criticality 
categories specifies the level of 
impact that failure or damage to 
the asset poses to users, and 
specifies two customer types (A 
& B) who could benefit from 
enhanced design, "Critical C 
Customers" would be all others 
served by components under 
criticality category I and II

PROJECT OUTCOMES
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FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

A Framework to Establish National 
Lifeline Infrastructure System Recovery 

Goals for Seismic Resilience
ATC-150 Project Series

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022
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FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022
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FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

Different sets of target recovery times will achieve different 
levels of societal performance:

Target recovery time assuming NO adaptations
Target recovery time assuming WITH adaptations
Target recovery time assuming adaptations used for an 
extended duration
Target recovery time beyond with societal impacts may not 
be recoverable (Maximum)

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022
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FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022

FEMA-Sponsored Workshop on Functional Recovery
August 17-18, 2022
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Reimagining the ICCPC
and Functional Recovery

Brian Meacham,MeachamAssociates

ATC FEMA SponsoredWorkshop on Functional Recovery

17 18August 2022, Embassy Suites SFOWaterfront, Burlingame,CA

9/24/2022 ©MeachamAssociates 2022 1

Reimagining
the ICCPC
Research
Effort

9/24/2022 ©MeachamAssociates 2022 2

www.iccsafe.org/performance

Reimagining
the ICCPC
Research
Effort

9/24/2022 ©MeachamAssociates 2022 3

www.iccsafe.org/performance

Reimagining
the ICCPC
Research
Effort

9/24/2022 ©MeachamAssociates 2022 4

https://www.iccsafe.org/products and services/performance code online resources/

Reimagining
the ICCPC
Research
Effort

9/24/2022 ©MeachamAssociates 2022 5

https://www.iccsafe.org/products and services/performance code websites/

Reimagining
the ICCPC
Research
Effort

9/24/2022 ©MeachamAssociates 2022 6

https://www.iccsafe.org/products and services/performance code media center/
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Reimagining
the ICCPC
Research
Effort

Benchmarking survey in summer 2021, stakeholder
group roundtable discussions in fall 2021, workshop
in late winter 2022.

Participants support mechanisms to facilitate
performance based design and verification.

Participants support concepts embodied in ICCPC.

Participants support moving forward, but not 100%
consensus on how. Majority support for standalone
document like the current ICCPC.

Quantification & verification critical. Expert (peer)
review needed. Flexibility & appropriateness key.

9/24/2022 ©MeachamAssociates 2022 7

Possible
Reimagined
ICCPC
Structure

9/24/2022 ©MeachamAssociates 2022 8

Possible RICCPC Structure

KeyNew
Considerations

In addition to ‘performance group’ concept (which
will be changed to ‘risk groups’ for building design

Explore the concept of outcome based performance
objectives, requirements and measures as part of new
sustainability focus (i.e., in use performance)
Introduce functional recovery performance objectives,
requirements and measures as part of new community
resilience focus (including coupled event magnitude
and time to functional recovery level(s) for different
events)

Will require collaboration with key groups / experts
that have the knowledge, like this group today

9/24/2022 ©MeachamAssociates 2022 9

Outcome of
Research
Effort

©MeachamAssociates 2022 109/24/2022

Steps Forward

I am starting some work for ICC to expand on input
gained in research effort to provide additional
resources for document development (fall 2022)

ICC will be reaching out to entities to collaborate
with on the development, starting the process to
form committees, seeking committee members,
etc.

The new ICCPC will remain a code, but will follow
the ICC standards development process

Standards development to begin in 2023

©MeachamAssociates 2022 119/24/2022

Steps Forward

©MeachamAssociates 2022 129/24/2022

https://www.iccsafe.org/products and services/performance code get involved/
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Appendix C 

Ongoing Activities 

C.1 Ongoing Activities Reported by Workshop 
Participants 

Bonowitz, David: Earthquake Functional Recovery Roundtable ................ C-5 

Bonowitz, David: 2024 IBC Development .................................................. C-6 

Bonowitz, David: Resilience-Based Building Inventories ........................... C-7 

Bonowitz, David: NEHRP Resource Paper: Resilience-Based Design ....... C-8 

Comerio, Mary: Investing in Housing Capacity for Crisis Preparedeness .. C-9 

Cook, Dustin: Improve Nonstructural Performance Data for Recovery- 
Based PBEE (NIST) .................................................................................. C-10 

Cook, Dustin: Prescriptive Design Requirements for Functional  
Recovery (NIST) ........................................................................................ C-11 

Cook, Dustin: Exploring Correlations Between Building-Level and  
Regional Functional Recovery Performance (NIST) ................................. C-12 

Crofts, John: Utah credentialing of ATC-20 Evaluators ............................ C-13 

Davis, Craig: Frameworks for Lifeline Infrastructure System Functional 
Recovery (ATC-150 and ATC-152 Projects) ............................................ C-14 

Guglielmo, Emily: ASCE 7-28 Seismic Subcommittee ............................ C-15 

Gunay, Selim: PEER Brace2 ..................................................................... C-16 

Gunay, Selim: PEER Transportation Research Program ........................... C-17 

Gunay, Selim: PEER Structural Extreme Events Reconnaissance ............ C-18 

Hamburger, Ron: ATC-138 Project, Performance-Based Seismic  
Design Support (FEMA) ............................................................................ C-19 

Heintz, Jon: ATC-138 Project, Performance-Based Seismic Design  
Support (FEMA) ........................................................................................ C-20 

Hortacsu, Ayse: ATC-150 Project, Improving the Nation's Lifeline 
Infrastructure the Achieve Seismic Resilience (FEMA) ............................ C-21 

Hortacsu, Ayse: ATC-152 Project, Developing a Framework for Design  
of Lifeline Infrastructure Systems for Functional Recovery (NIST) ......... C-22 

Hutt, Carlos Molina: Development and Use of Analytical Frameworks  
to Assess Earthquake-Induced Downtime and Model Recovery of  
Buildings .................................................................................................... C-23 
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Issa, Omar: Development of an Optimization Framework to Support 
Recovery-Based Design ............................................................................ C-24 

Johnson, Katherine: NIST Framework for Lifelines Functional  
Recovery (ATC-152 Project) .................................................................... C-25 

Lang, Anna: Identify Reach Opportunities Beyond the SE Community to 
Advance FR and CR Concepts (FEMA) ................................................... C-26 

Lang, Anna: Automated Building Inventory Collection for Disaster 
Mitigation and Civil Projects (Zylient) ..................................................... C-27 

Lang, Anna: Educate Design Professionals and Advance FR Legislation 
(SEAOC) ................................................................................................... C-28 

Luco, Nico: 2023 Update of the USGS National Seismic Hazard Model 
(NSHM) ..................................................................................................... C-29 

Mar, David: Concrete Wall Typology Study with Rocking and  
Conventional Walls (NIST) ...................................................................... C-30 

McAllister, Therese: Design Criteria for Critical Facilities for Resilience 
(NIST) ....................................................................................................... C-31 

Meacham, Brian: Reimagining the ICC-PC  ............................................. C-32 

Minnery, Rachel: Hazard and Climate Risk Acknowledgement Form ..... C-33 

Minnery, Rachel: ASTM Resilience Property Assessment Guide ............ C-34 

Morris, Peter: ATC-138 Project, Performance-Based Seismic Design  
Support (FEMA) ....................................................................................... C-35 

Pekelnicky, Robert: ASCE 41 ................................................................... C-36 

Pekelnicky, Robert: ATC-136 Project, Seismic Code Support  
Committee (FEMA) .................................................................................. C-37 

Pekelnicky, Robert: ATC-140 Project, Update Seismic Retrofit Design 
Guidance (FEMA) ..................................................................................... C-38 

Pekelnicky, Robert: ICC-PC ..................................................................... C-39 

Pekelnicky, Robert: NEHRP Provisions Update Committee (FEMA) ..... C-40 

Sattar, Siamak: Recovery Categories and Times for Functional Recovery 
Framework (NIST) .................................................................................... C-41 

Siu, Jonathan: FEMA P-2055-1, Guidance for Accelerated Building 
Reoccupancy Programs (ATC-137 Project) .............................................. C-42 

Siu, Jonathan: WAsafe Building Safety Evaluators .................................. C-43 

Soules, Greg: BSSC/PUC Functional Recovery Task Committee  
(FEMA) ..................................................................................................... C-44 

Takiguchi, Ron: Higher Structural-Resiliency Standards and Utility 
Infrastructure ............................................................................................. C-45 
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Valigura, Jakub: Functional Recovery Times of Code-Compliant  
Buildings (SEAONC) ................................................................................ C-46 

van de Lindt, John: Center for Risk-Based Community Resilience  
Planning (NIST) ......................................................................................... C-47 

Villamil, Joel: Automated Structure Alert Program .................................. C-48 

Wang-Connelly, Jia: California Seismic Safety Commission ................... C-49 

Winkel, Steven: ATC-138 Project, Project Review Panel (FEMA) .......... C-50 

Woodward, Janell: Nevada Statewide Community Outreach and  
Education ................................................................................................... C-51 

Yuan, Jiqui: National Committees ............................................................. C-52 

Yu, Kent: Seismic/Resilience Support for a Large Water Infrastructure 
Project in Portland, Oregon ........................................................................ C-53 
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FEMA-Sponsored Workshop on 
Functional Recovery 

list organizations you are involved with e.g., Research, Design Practice, Prof. 
Assoc., Government, Code Development, Building Dept. Admin.

e.g., what 
problem is being solved

e.g., start and end 
dates

from FEMA  
P-2090/ NIST SP-1254 Report; 
check all that apply

Developing a Framework for Post-Earthquake Reoccupancy and Functional 
Recovery Objectives 

Designing New and Existing Buildings to Meet Recovery-Based Objectives 

Designing New and Existing Lifeline Infrastructure Systems to Meet Recovery-Based 
Objectives
Developing and Implementing Pre-Disaster Recovery Planning Focused on 
Recovery-Based Objectives  
Providing Education and Outreach to Enhance Awareness and Understanding  

Facilitating Access to Financial Resources Needed to Achieve Recovery-Based 
Objectives  

e.g., website, report, or contact 
information
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