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Motivation

● What does the code promise?
● Life safety is the primary objective

● Is Life Safety an acceptable target?
● Buildings and Lifeline systems may 

experience extensive damage during an 
earthquake

● Widespread damage can have severe 
social & economic impacts

● We need to do better!

2011 Tohoku

2011 Christchurch

2011 Christchurch

2014 Napa



Congressional Mandate

“Functional recovery is 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…”

Functional Recovery 



After Development of the Report to Congress

NIST initiated the Functional 
Recovery project with a focus 
on buildings, lifelines, social 
science, and economic 
evaluations (2021).

• Functional Recovery has become the premier emerging topic 
in the field of earthquake engineering!

Outside of NIST many efforts 
have been initiated:
• PUC has identified FR as the 

largest effort in this cycle and 
formed FRTC to draft a 
chapter on FR building design 
(2022).



Policy

Engineering

Economic Evaluation

🡪🡪 what do we need and when? 

🡪🡪 how do we get it?

� is it worth it? 

Functional Recovery Framework:
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Policy: What do we need, and when?
• Hosted five stakeholder workshops

• Explore acceptable recovery times 
for various components of the built 
environment

• Findings: participants described targets 
for recovery time categories fairly 
consistently

• Support FRTC efforts

• October 8-9, 2024 at the NIST with ~ 50 
attendees

Rec. 
Category

Rec. Time 
Target

Function

RC-4 Hours life safety, emergency 
response, and basic servicesRC-3 Days

RC-2 Weeks supporting a return to 
community normality 

RC-1 Months improving quality of life
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Engineering: Design Requirements

Study 1: Prescriptive Design 
- A robust framework to map recovery 

time to design provisions
- Uses state-of-the-art recovery time 

estimation method; ML; includes 
structural and nonstructural  systems 

Goal
Develop design 

recommendation to 
achieve functional 

recovery objectives in 
buildings Study 2: Performance-based Design

- Develop design requirements to mitigate 
structural damage that requires “safety-

based repair”
- Fill a gap in the current PBSD Guides xx

xx
x

Design of Reinforced 
Concrete Structures for 
Functional Recovery

An ACI Guide



Engineering: Nonstructural Element 
Database

Unified DB 
Architectur

e

Lit Review 
Data 

Extraction

Detailed Experimental 
and Analytical 
Component Studies

>1200 nonstructural 
experimental data 

points collected

2014 Napa 
Earthquake

NED



• 2-volume framework (NIST SP 1310 and 1311) for the 
application of functional recovery to lifelines systems 
(water, wastewater, and electric power)

• A multi-step process assists owners/operators in 
designing their physical and organizational systems 
for functional recovery performance 

• Key objective: establish and meet recovery time 
objectives for basic service categories tailored to the 
critical needs of each lifeline

Engineering: Lifelines



Economic Evaluation



Economic Evaluation for Functional Recovery

4 story 12 story

• 4 different structural systems; 4 different heights
• Construction costs increase ~4-8 % for above-code design

• Outcomes from this study provide key economic decision 
metrics for functional recovery design 



• Support codification of FR design
• Extend the BCA to the regional level
• Quantify the environmental impacts associated with designing “better” 

buildings
• Test and improve the lifeline framework for broad application to benefit 

the U.S. population
• Linking the building-level functional recovery design objectives to the 

community-level performance goals

Moving Forward



Thank you!



NIST Alternatives for Resilient Communities 
(NIST ARC)
An interactive tool for 
developing alternative sets of 
actions that meet community 
resilience and cost goals, 
given hazard and 
interdependency information, 
and socio-economic data.

Harrison, K, TI Faiz, Z Farahmandfar, S Crawford, and J. Loerzel. 2023. 
“NIST Alternatives for Resilient Communities (NIST ARC) Software 
Tool: Mathematical Programming Model.” Technical Note (NIST TN) 
NIST TN 2239pt1. National Institute of Standards and Technology.




