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Learning Objectives

• How resiliency is defined
• Need for resiliency of communities
• Improve resiliency of existing structures
• Contribution of codes and standards to resiliency
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Resiliency - Definition
• Measure of the response of a system to a perturbation
• Perturbations????
• How is it measured?

– Structural dynamics – impulse response function
• Duhamel integral
• Newmark method
• Numerical integration
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Resiliency - Definition
• Measure of the response of a system to a perturbation
• How is it measured?

– Weebles
• They wobble,
• but they don’t fall down
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Resiliency - Definition

• How is it measured (cont.)?
– Time to recovery of system
– Restoration of services 
– Things back to “normal”

• Numerous resiliency “measures”
• FEMA, NIST, NIBS, etc.  
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Resiliency 

• Multi-scale problem
– Individual structures, neighborhoods, full communities/cities

• How to improve???
– Response to events
– Structures – safe, durable and sustainable
– Better codes and standards
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Durability vs. Resiliency
• Durability 

– Long-term exposure to natural environment
– Long-term exposure to man-made problems
– Minimal downtime for repair

• Resiliency
– Short-term exposure to environment / man-made problems 
– Minimal downtime for restoration of services



2016 ICRI Kick-Off Party | February 1, 2016

Sustainability vs. Resiliency

• Sustainability 
– Minimize impact on environment
– Keep structures in service

• Resiliency
– Keep structures operational / restorable

• Co-equal goals
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Resiliency - Durability - Sustainability 

• Not well understood by design professionals 
• Not well understood by general public
• Highly inter-related
• Not mutually exclusive
• Critical to long-term performance of structures
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Resiliency – Existing Structures

• Reality
– We all can work to improve 

resiliency

• Things to strive for:
– Less damage during events
– Faster recovery time
– Consistency in recovery protocols Hurricane Michael, Mexico Beach, FL

Johnny Milano for NY Times, 2018
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Design to resist: begin with the end in mind 

• Reinforced concrete 
• Pilings for storm surge
• Roof minimized against 

wind uplift
• Break-away walls at base 

& tear-away staircase
Rebuilding tear-away staircase

Johnny Milano for NY Times, 2018
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Resiliency – How to improve it?

• Long-term durable structures
• Consistent reliability of existing structures
• Consistent repair procedures

– Use codes and standards for repair
– Support adoption of Codes and Standards for repair
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Existing Structures

• Long-term performance of structures is not 
guaranteed

Strength

Durability Serviceability

Long-term performance

Durable;

Resilient; 

Sustainable, etc.



2016 ICRI Kick-Off Party | February 1, 2016

Existing Structures - Performance

• Service life
• Repairs
• Execution of repairs

– Timely fashion
– Consistent manner De
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Adapted from: Extending the Service Life of Parking Structures, 
Shiu, K, and Stanish, K. Concrete International V. 30 No. 4
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Existing Structures – Repairs

• Problems with concrete repairs?
– Variations in practice
– Variations in repair performance
– Poor performance of repairs
– Lack of quality control
– Mis-diagnosis of problems
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http://projects.bre.co.uk/conrepnet/pdf/newsletter3.pdf
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What is wrong with concrete repair?
• Many design professionals do not consider repair a distinct area

– Limited evaluation of structures
– Lack of understanding of durability

• Lack of contractor focus on quality
• US national codes 

– IBC – comprehensive document for new design
– IEBC – does not establish a clear standard of care for repair
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What is wrong with concrete repair?

• Lack of formal education in existing structures
– Limited coursework on existing structures

• ACI Faculty Network – 21 US universities have 1 course
– Limited course materials on repair
– Academic “preservation” is not repair
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What is wrong with the IEBC?
• The how of minimum evaluation requirements

– How bad is a structure?
– Analysis considerations?

• Reliability of repaired structures?
• Durability considerations?
• Consideration of service life
• Construction quality assurance
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What is wrong with the IEBC?
• Missing standard of care
• Standard of Care - “level of effort a prudent LDP would be 

expected to provide on a project”
– Determined from codes, industry standards, guidelines, 

tradition, etc.
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What is wrong with the IEBC

• Confusing definitions

• What is needed?
– Clear path to identify unsafe conditions
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Concrete repairs – How to improve?

• Establish a clearer standard of practice 
– Minimum standards
– Durable repair design

• Reliability of repaired structures
• Fully developed supporting documents
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Codes and Standards for Repair

• 562 – Code for Repair of Existing Structures
– First published in 2013
– Third version in Spring 2019

• 563 – Specifications for Repair
– First published in 2018
– Parallel document to ACI 301
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ACI 562 

• ACI Standard
– Sets the minimum requirements for repair

• Provides clear requ. for strengthening
– Based upon damage present
– New vs. existing code requirements

• Fully developed support documents
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ACI 562 – Major Sections

• Applicability / General
• Loads
• Evaluation 
• Repair design
• Durability
• Construction & QA/QC
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Standard Repair Specifications

• Instructions to contractors
• How to execute project requirements
• Material requirements
• Consistency of repairs
• Improved repair performance
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ACI 563 – Specifications for Repair

• Developed to be parallel to ACI 301
• Contents

– Shoring / bracing Removals
– Formwork Reinforcement
– Conv. concrete Handling / placement
– Prop. materials Crack repair – epoxy
– Shotcrete (ACI 503.7)
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ICRI 030130 – Structural Concrete Repair

• Stand-alone specification
– Concrete removal Repair layout
– Material selection Placement
– Pay basis QA/QC

• Not coordinated
– ICRI CRST ACI 562 / ACI 563
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Supporting Documents

• ACI/ICRI Guide
– Worked examples

• CI Article series
– 11 parts
– Code explanations

• Webinars 
– ACI / ICRI
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ICRI – CSRT Program

• Certified repair inspectors
• Written and field training

– QA / QC procedures
– Understand

• Why and how of good
repair practices
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Codes and Standards - Resiliency

• Establish standard of care
• Raise the bar for performance

– Reliability 
– Durability

• Repaired structures
– Resistance to further damage
– Capable of long-term performance
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ACI 562 Adoption
• Statewide adoption in OH and HI
• Working on 2021 IEBC Adoption
• IEBC Alternate procedure
• Why ACI 562?

– Use a standard for design of repairs
– IEBC is not sufficient
– Current practice is not working 2015 - IEBC
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How to support ACI 562 adoption?

• Use it on projects 
• Encourage NCSEA EBC to support
• Talk to code officials
• www.concrete.org/adopt
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Summary

• Resiliency of communities
– Starts with durable existing structures 
– Hard to quantify actual resiliency

• Repair Codes and Standards
– Current repair process is not working
– Needed to improve process 
– Code adoption is critical step
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