Resiliency of Existing Concrete Structures and Communities
How Can We Improve Long-Term Performance and
Resiliency?
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Learning Objectives

e How resiliency is defined

 Need for resiliency of communities

* Improve resiliency of existing structures

e Contribution of codes and standards to resiliency
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Resiliency - Definition

« Measure of the response of a system to a perturbation
 Perturbations????
e How is it measured?

— Structural dynamics — impulse response function
e Duhamel integral

e Newmark method

u(t) =

t
J p(1)e @t sin[ w, (t — 7)]dT
0

e Numerical integration mawp
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Resiliency - Definition

‘o Measure of the response of a system to a perturbation

e How is it measured?

— Weebles

* They wobble,
e but they don’t fall down
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Resiliency - Definition

e How is it measured (cont.)?
— Time to recovery of system
— Restoration of services

III

— Things back to “norma

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

 Multi-scale problem

— Individual structures, neighborhoods, full communities/cities
e How to improve???

— Response to events

— Structures — safe, durable and sustainable
— Better codes and standards
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Durability vs. Resiliency

e Durability
— Long-term exposure to natural environment
— Long-term exposure to man-made problems
— Minimal downtime for repair
e Resiliency
— Short-term exposure to environment / man-made problems
— Minimal downtime for restoration of services
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Sustainability vs. Resiliency

e Sustainability
— Minimize impact on environment
— Keep structures in service
e 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

e Critical to long-term performance of structures
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Resiliency — Existing Structures

e Reality

— We all can work to improve
resiliency

* Things to strive for:

— Less damage during events

— Faster recovery time e o

— COﬂSiStency N 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

e 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
e Consistent reliability of existing structures

e 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

Long-term performance

Durable:

Strength
Resilient;

Serviceability Sustainable, etc.
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Existing Structures - Performance

—

e Service life
* Repairs
e Execution of repairs

— Timely fashion
— Consistent manner

Deterioration

A

Structural Failure Imminent

Demolition Warranted

Safe Structure Zone

Maintenance / Repairs

Adapted from: Extending the Service Life of Parking Structures,

.
I I m e 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

e

(@)

Poor performance of repairs

Repair A

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?

e Many design professionals do not consider repair a distinct area
— Limited evaluation of structures
— Lack of understanding of durability
e Lack of contractor focus on quality
e 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?

e Lack of formal education in existing structures
— Limited coursework on existing structures
e 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?

I

e The how of minimum evaluation requirements
— How bad is a structure?
— Analysis considerations?

e Reliability of repaired structures?

INTERHATIONAL

e Durability considerations? PAO) IS s

e Consideration of service life

e Construction quality assurance ' [ RS
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What is wrong with the IEBC?

e Missing standard of care

e 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.




What is wrong with the IEBC

e Confusing definitions

UNSAFE. Buildings, structures or equipment that are unsani-

tary, or that are deficient due to inadequate means of egress
facilities, inadequate light and ventilation, or that constitute a [BS] DANGEROUS. Any building, structure or portion
fire hazard, or in which the structure or individual structural / thereof that meets any of the conditions described below shall

members meet the detinition of “Dangerous.” or that are oth- be deemed dangerous:

erwise dangerous to human life or the public welfare, or that 1. The building or structure has collapsed, has partially
involve illegal or improper occupancy or inadequate mainte- collapsed, has moved off its foundation, or lacks the
nance shall be deemed unsafe. A vacant structure that 1s not necessary support of the ground.

secured against entry shall be deemed unsafe,

ot

. There exists a significant risk of collapse, detachment

or dislodgement of any portion, member, appurtenance

[ W h at | S n e e d e d ? or ornamentation of the building or structure under ser-

vice loads.

— Clear path to identify unsafe conditions
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Concrete repairs — How to improve?

e Establish a clearer standard of practice
— Minimum standards
— Durable repair design

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

e 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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AC| 562

e ACI Standard

Code Requirements for

— Sets the minimum requirements for repair Assessmen, Rcpai; and
Concrete Structures and

* Provides clear requ. for strengthening Commentary
— Based upon damage present

— New vs. existing code requirements

e Fully developed support documents

ACI| 562-16
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ACl 562 — Major Sections

e Applicability / General
 Loads

e Evaluation

e Repair design

e Durability

e Construction & QA/QC
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Standard Repair Specifications

* |nstructions to contractors
e How to execute project requirements

e Material requirements
e Consistency of repairs
 Improved repair performance
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ACl 563 — Specifications for Repair

* Developed to be parallel to ACI 301
® CO nte nts Specifications for Repair

of Concrete in Buildings
(ACI 563-18)

ee 563

— Shoring / bracing Removals

— Formwork Reinforcement 00

— Conv. concrete Handling / placement 9

. ) LO)

— Prop. materials Crack repair — epoxy 5
— Shotcrete (ACI 503.7) < i
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ICRI 030130 — Structural Concrete Repair

e Stand-alone specification

— Concrete removal Repair layout
— Material selection Placement
— Pay basis QA/QC & e

¢ NOt Coordinated GUIDE SPECIFICATIONS for
— ICRI CRST ACI 562 / ACI 563 CANCRETE REBARE
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upporting Documents

Courtesy of the American Concrete Institute, www.concrete org

¢ ACI/ICRI GUide Evolution of the

ACl 562 Code—Part 1
— Worked examples

Guide to the Code for Assessment, Repair, and

i S N K Rehabilitation of Existing Concrete Structures
A Companion to AC

e Cl Article series

Existing Concrete Structures—Loarning
Lessons and Advancing Solutions
ACI Commitice 562, Evalustion, Repair. and
Rehabilittion of Concrere Buildings. strives to advance
a rt S the peactice of engincering and improve the repair and
_— rehablitation of cxisting comcroic structurcs, The
Education subcomminice of Commitice 562 (ACT 562-17)
i dedicated to helping cugineers, building officials,
comiractors, owners, inspoctors, and others by comveying
informatson im more detail thas is pessible solely through
the ACT 362 Code and Commestary, To this end, and in

— Code explanations o

and Advancing Salutions
Through this senes, the commuiiter members explain v =
the rationale behisd some of the upoomeng changes n the
° AU 552 Coe na well xs share cxample problenss, iess,
womcepts, and the thoughts drscussed in AUT 362
. We b I n a rS Cumnmitise meetings. s abeo anticipated the: séries will
belp i cosmitice mbdiess questions oo the
enmpincetsnyg and conatiisction seclies, slst snoken s
roblens, s review areas of needed rescasch
I cach aiticls, a tops related 1o the evalustiva, epair,
of rehabilitation of existing coesrelc strucnies b
addicascd. Topis will be schocted with the intentins of

incrvasing awascncss, Enproving undeestanding, and
— expunding perspectives relaied to this insponant theme.
The flrst set of anticles will discuss key featurcs in the.

updated versiea of the ACT 562 Code, The updated Code

two torms

has beem revicwed by the ACH Technical Activities

Committce (TAC) and is in the public revicw phase watil i

Febeuary 18, The commiee meembers are loaking American Concrete Institute ;" TE :;I‘AEI "‘;"‘;'l‘ .,',. Bléﬂ.leﬁglpcmem

Farward oft the. o & Always odvoncing ONCH
INTERNATIONAL M i el R of 06 o %ﬁ & counc

ccthis fodeunts by S ot acl
CONCRETE REPAIR cxpen. o strucraral sssessment & MNL-3(16)




ICRI — CSRT Program

e 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

e Establish standard of care

e Raise the bar for performance
— Reliability
— Durability

e Repaired structures

— Resistance to further damage
— Capable of long-term performance
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ACl| 562 Adoption

e Statewide adoption in OH and HI

 Working on 2021 IEBC Adoption
e |EBC Alternate procedure/
e Why ACI 5627

— Use a standard for design of repairs
— |EBC is not sufficient

— Current practice is not working

|A] 104.11 Alternative materials, design and methods of
construction, and equipment. The provisions of this code
are not intended to prevent the installation of any material or
to prohibil any design or method of construction not specifi-
cally prescribed by this code, provided that any such alterna-
tive has been approved. An alternative material, design, or
method of construction shall be approved where the code offi-
cigd finds that the proposed design is satisfactory and com-
plies with the intent of the provisions of this code, and that
the material, method, or work offered is, for the purmpose
intended, not less than the equivalent of that prescribed in this
code in quality, strength, effectiveness, fire resistance, dura-
bility and safety. Where the alternative material, design or
method of construction is not approved, the code official shall
respond in writing, stating the reasons the alternative was not

approved. 2015 - |[EBC
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How to support ACI 562 adoption?

e Use it on projects

e Encourage NCSEA EBC to support
e Talk to code officials

e www.concrete.org/adopt
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Summary

e Resiliency of communities
— Starts with durable existing structures
— Hard to quantify actual resiliency

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