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PREFACE
This code provides minimum requirements for assessment, repair, and rehabilitation of existing structural concrete buildings, 

members, systems and where applicable, nonbuilding structures. This code was developed by an ANSI-approved consensus 
process. This code can supplement the International Existing Building Code (IEBC), supplement the code governing existing 
structures of an authority having jurisdiction, or act as a stand-alone code in a locality that has not adopted an existing-building 
code. When this code is adopted as a stand-alone code, Appendix A should be used in place of Chapter 4.

The Code is specifically written for use by a licensed design professional. This code provides minimum requirements for 
assessment, design and construction, or implementation of repairs and rehabilitation, including quality assurance require-
ments, for structural concrete in service. This code has no legal status unless it is adopted by the authority having jurisdiction. 
Where the code has not been adopted, it serves as a standard to provide minimum requirements for assessment, and design 
and construction of repair and rehabilitation of existing structural concrete. ACI 318 provides minimum requirements for the 
materials, design, and detailing of structural concrete buildings and, where applicable, nonbuilding structures, and for new 
construction within existing structures where noted herein.

Key changes from ACI 562-16 to ACI 562-19 include:
(a) Text was added to simplify use of new materials that have the equivalent of an ICC-ES evaluation report in Chapter 1.
(b) The requirements for the basis of design report were simplified in Chapter 1.
(c) Requirements related to detailing of existing reinforcing steel in Chapter 4 have been clarified.
(d) The commentary in Chapter 8 was updated to include a listing of exposure categories that may affect durability.
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CHAPTER 1—GENERAL REQUIREMENTS

1.1—General
1.1.1 ACI 562, “Code Requirements for Assessment, 

Repair, and Rehabilitation of Existing Concrete Structures,” 
is hereafter referred to as “this Code.”

1.1.2 Scope—This code shall apply to assessment, repair, 
and rehabilitation of existing concrete structures as:

1. A code supplementing the International Existing 
Building Code (IEBC)

2. As part of a locally adopted code governing existing 
buildings or structures

3. Or as a stand-alone code for existing concrete structures

1.1.3 The intent of this Code is to safeguard the public 
by providing minimum structural requirements for existing 
structural concrete members, systems, and buildings.

1.1.4 All references in this code to the licensed design 
professional shall be understood to mean persons who 
possess the knowledge, judgment, and skills to interpret and 
properly use this code and are licensed in the jurisdiction 
where this code is being used. The licensed design profes-
sional for the project is responsible for, and in charge of, the 
assessment or rehabilitation design, or both.

R1—GENERAL REQUIREMENTS

R1.1—General

R1.1.2 This code defines assessment, design, construction 
and durability requirements for repair and rehabilitation of 
existing concrete structures. Throughout this code, the term 
“structure” means an existing building, member, system, 
and, where applicable, nonbuilding structures where the 
construction is concrete or mixed construction with concrete 
and other materials.

Chapter 4 provides assessment, repair, and rehabilitation 
criteria if this code is used as a supplement to the Interna-
tional Existing Building Code (IEBC) for concrete members 
and systems.

Appendix A provides assessment, repair, and rehabilitation 
criteria when this Code is adopted, including Appendix A, as 
a stand-alone code for repair of existing concrete structures.

R1.1.3 The intent of this code is to address the safety of 
existing structures through assessment requirements that 
demonstrate an approximation of the structural reliability 
using demand-capacity ratio limits of Chapter 4 or Appendix 
A and, if necessary as determined by the assessment, increase 
the structural capacity by repair or rehabilitation.

Unless prohibited by the authority having jurisdiction, if 
an existing structure is shown to be potentially dangerous in 
accordance with 4.3 or A.3, the structure should be rehabili-
tated using 4.3 or A.3.

Using the demand-capacity ratio limits of 4.5.1 or A.5.1, 
repair of the existing structural concrete to its predeteriorated 
state is permitted based on material properties specified in 
the original construction (per Chapter 6), and substantiated 
engineering principles of the original design. Where require-
ments of the original building code are appreciably changed 
in the current building code, the licensed design professional 
may consider using 4.5.2 or A.5.2.

Beyond the restoration assessment requirements of 
4.5.1 and 4.5.3 or A.5.1 and A.5.3, the structural reliability 
principles of 4.5.2 or A.5.2 are permitted. These alterna-
tive requirements provide acceptable safety if the current 
building code demand exceeds the original building code 
demand or if the regulations of the original building code 
provide an unacceptable level of structural reliability.
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1.1.5 The requirements of this code are provided using 
strength design provisions for demands and capacities, 
unless otherwise noted.

1.2—Criteria for the assessment and design of 
repair and rehabilitation of existing concrete 
structures

1.2.1 The “existing building code” refers to the code 
adopted by a jurisdiction that regulates existing buildings or 
structures.

1.2.2 The “current building code” refers to the general 
building code adopted by a jurisdiction that regulates new 
building design and construction.

1.2.3 The “original building code” refers to the general 
building code applied by the authority having jurisdiction 
to the structure in question at the time the existing structure 
was permitted for construction.

R1.1.5 When this code permits the original building code 
regulations to be used and that code uses allowable stress 
design, the following should be considered: those provisions 
should be substituted for strength design as noted in 4.5.3 
or A.5.3; the licensed design professional is not required to 
use, but should consider using strength design provisions of 
this code as a check in the assessment of existing structures 
originally designed with allowable stress methods.

R1.2—Criteria for the assessment and design 
of repair and rehabilitation of existing concrete 
structures

R1.2.1 The code governing existing buildings in the 
United States is commonly the IEBC developed by the 
International Code Council (ICC). The IEBC provides regu-
lations for evaluations of damage and the limit for damage to 
be repaired using the original building code.

R1.2.2 The current building code establishes the design 
and construction regulations for new construction. Strength 
design regulations of the current building code include:

(a) Required strengths computed using combinations of 
factored loads (strength design demands)

(b) Design strengths (capacities) based on testing of mate-
rials, members, and systems

(c) Analytical methods used to calculate member and 
system capacity

(d) Strength reduction factors, which have been estab-
lished to be consistent with reliability indices used with the 
strength design demands

The load factors and strength reduction factors in the 
current building code are obtained through rational design 
code calibration procedures to achieve the targeted reli-
ability indices which produce historically acceptable struc-
tural safety for new structures. The targeted reliability 
indices are generally based on past structural behavior, engi-
neering experiences, costs and consequences of loss, among 
other criteria. The resulting demand-capacity ratios for new 
structures provide the limits that are not to be exceeded if 
designing new construction, but these demand-capacity ratio 
limits need not to be the same as those for existing structures 
as noted in sections 4.5.2 and A.5.2.

The general building code in the United States is usually 
based on the International Building Code (IBC) published 
by the ICC. Prior to 2015, Chapter 34 of the IBC included 
provisions for existing structures. For the design and 
construction of new concrete structures, the IBC and most 
other older general building codes often reference ACI 318, 
Building Code Requirements for Structural Concrete and 
Commentary, with exceptions and additions.

R1.2.3 This definition of “original building code” is consis-
tent with the building code in effect at the time of original 
permitted construction per the IEBC. In assessing existing 
structures, the licensed design professional may need to 
consider changes in the codes enforced by the local authority 
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1.2.4 Design-basis code criteria

1.2.4.1 The design-basis code criteria in this Code shall 
be used to assess and design repairs of existing members, 
systems, and structures.

having jurisdiction for the structure from the time of the orig-
inal design through the time of the completion of construc-
tion. For buildings with major alterations or additions, the 
original building code should refer to the code in effect when 
the subject portion of the building was permitted, and different 
portions of a building may have different original building 
codes.

Reference to design requirements of the original building 
code should include: demands determined using either 
nominal loads, load factors, and load combinations of the 
original building code, or using allowable design loads and 
load combinations of the original building code; capaci-
ties determined using either strength design and reinforce-
ment detailing provisions, and strength reduction factors of 
the original building code or using allowable stress design 
provisions of the original building code; and construction 
materials. Requirements for concrete design and construc-
tion include previous versions of ACI 318, concrete codes 
predating ACI 318, or concrete provisions within the orig-
inal building code. A structural assessment using allowable 
stress design provisions of the original building code should 
be coupled with an evaluation using current standards or the 
strength design and reinforcement detailing provisions of 
this code to increase the understanding of structural behavior.

For a structure constructed prior to the adoption of a 
building code, the licensed design professional should 
research available standards and practices in effect at the 
time of construction. The Historic American Engineering 
Record, a program of the United States Park Service, has 
information on construction and preservation of historic 
structures (https://www.nps.gov/hdp/haer/).

R1.2.4 Design-basis code criteria

R1.2.4.1 The design-basis code criteria include require-
ments for assessment of the existing structure and for design 
when repairs are required based upon assessment results.

If a jurisdiction has adopted the IEBC and ACI 562 is 
used, then the design-basis code criteria are based on the 
IEBC with supplemental requirements of this code for 
potentially dangerous structural conditions, damage less 
than substantial structural damage, deterioration of concrete 
and reinforcement, faulty construction, serviceability issues, 
and durability of existing concrete.

For substantial structural damage, additions, alterations, 
and changes in occupancy, the IEBC establishes limits to 
which an assessment and design of repair and rehabilita-
tion can occur in accordance with the original building 
code. Above these limits, an assessment and design of the 
repair and rehabilitation is in accordance with the current 
building code. Current and original building code provisions 
are supplemented by this code to address existing concrete 
members, systems, and structures.

Appendix A applies if a jurisdiction has not adopted the 
IEBC and has adopted this code. Appendix A of this code can 
provide design-basis code criteria for potentially dangerous 
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1.2.4.2 Assessment and design-basis criteria and the 
requirements for applying these criteria are provided in 
Chapter 4 and Appendix A. Chapter 4 applies if a jurisdic-
tion has adopted the International Existing Building Code 
(IEBC) as the existing building code. Appendix A applies if 
a jurisdiction has not adopted the IEBC or if a jurisdiction 
has adopted this code.

1.2.4.3 Assessment criteria shall be used to classify the 
work and to establish the design-basis criteria.

1.2.4.3.1 It shall be permitted to use the current building 
code as the assessment criteria for all existing structures.

1.2.4.4 Design-basis criteria shall be used to establish the 
applicable building code for repair and rehabilitation design.

1.2.4.5 The current building code shall be the design-basis 
code for new members and for connection of new members 
to existing structures.

1.2.4.5.1 The exceptions to 1.2.4.5 occur for the following: 
1) when seismic retrofits are designed using the alternate 
design criteria of ASCE 41, or 2) when new members are 
added within the work area using the original building code 
as the design-basis code criteria for the repair.

1.3—Applicability of this code
1.3.1 This code provides minimum requirements when 

performing an assessment, repair or rehabilitation design 
and remedial construction of the structural components 
of existing concrete structures, including buildings and 
nonbuilding structures.

1.3.1.1 Regulations of the current building code need not 
be exceeded when assessing, designing repair and rehabilita-
tion work, or installing remedial work of existing structures.

structural conditions, substantial structural damage, damage 
less than substantial structural damage, deterioration of 
concrete and reinforcement, faulty construction, additions, 
alternations, changes in occupancy, serviceability issues, 
and durability of existing concrete.

R1.2.4.2 Classifying the work category using criteria and 
requirements of Chapter 4 or Appendix A defines the design-
basis criteria, which is used to design the repair or rehabilita-
tion work.

R1.2.4.3.1 Use of the current building code for assess-
ment criteria may result in a conservative assessment of an 
older structure. The design professional should review use of 
the current building code with the Owner at the start of the 
project (refer to R1.3.1).

R1.2.4.5.1 The performance-based criteria in ASCE 41 
may result in new member design that will not satisfy current 
code requirements for strength, stiffness, or detailing. New 
concrete members and reinforcement may be designed by 
the original building code if integrated with the work area 
repair construction of the existing structure when the repair 
design-basis criteria for the existing structure is the original 
building code. The detailing of these new members and the 
connection of these members to the existing concrete should 
be according to the current building code.

R1.3—Applicability of this code
R1.3.1 In typical U.S. practice, Owners are required to 

maintain existing structures to prevent unsafe conditions 
from occurring, or repair an existing structure when unsafe 
conditions are present. The minimum level of repair for an 
existing building will typically address these unsafe and 
potentially unsafe conditions.

The licensed design professional is permitted to perform 
assessment, design, and quality assurance activities that 
exceed the minimum requirements of this Code. Consider-
ations beyond the minimum requirements of this Code, such 
as those for progressive collapse resistance, redundancy, 
or integrity provisions are permitted. Exceeding the code 
minimum requirements is not a violation of this Code.
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1.3.2 This Code is applicable to existing nonbuilding 
concrete structures.

1.3.3 Foundations

1.3.3.1 This code shall apply to the assessment and repair 
or rehabilitation of existing structural concrete foundation 
members.

1.3.4 Soil-supported slabs

1.3.4.1 This code shall apply to the assessment and repair 
or rehabilitation of soil-supported structural slabs that 
transmit vertical loads or lateral forces from the structure 
to the soil.

1.3.5 Composite members

1.3.5.1 This code shall apply to the assessment and repair 
or rehabilitation of the concrete portions of composite 
members.

1.3.6 Precast and prestressed concrete

1.3.6.1 The code shall apply to the assessment and repair or 
rehabilitation of structural precast and prestressed concrete 
members, systems, and connections. The code shall apply to 
cladding transmitting vertical loads to supporting members 
or lateral loads to diaphragms or bracing members.

1.3.7 Nonstructural concrete

The Owner and the design professional should agree 
on the intent of the repair and rehabilitation program and 
desired outcome at the onset of the project. The desired repair 
outcome may include consideration of the design service life 
of the repairs, structural reliability, serviceability consider-
ations, and other factors. Due to the uncertain remaining 
service life of existing structures and the technical require-
ments of repair construction, quality assurance and construc-
tion observations in excess of that required by general 
building code is commonly required. The desired outcome 
of the repair and rehabilitation program, quality assurance, 
and construction observation requirements should be docu-
mented in the basis of design (Section 1.5.3).

R1.3.2 Nonbuilding concrete structures can include, but 
are not limited to arches, tanks, reservoirs, bins and silos, 
blast- and impact-resistant structures, and chimneys.

R1.3.3 Foundations

R1.3.3.1 Foundation members and systems should 
include those constructed using plain or reinforced concrete 
including but not limited to spread footings, mat founda-
tions, concrete piles, drilled piers, grade beams, pile and pier 
caps, and caissons embedded in the ground. The design and 
installation of new pilings fully embedded in the ground are 
regulated by the current building code. For repair of existing 
foundation members and systems, the provisions of this 
code apply if not in conflict with the code governing existing 
building. For the portions of concrete piling in air or water, 
or in soil not capable of providing adequate lateral restraint 
throughout the piling to prevent buckling, the provisions of 
this code govern.

R1.3.7 Nonstructural concrete
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1.3.7.1 This code is not intended for repair of nonstruc-
tural concrete or for aesthetic improvements, except if failure 
of such repairs would result in an potentially dangerous 
condition.

1.3.8 Seismic resistance

1.3.8.1 Evaluation of seismic resistance and design of 
retrofit shall be in accordance with the code governing 
existing buildings if one has been adopted or this code if 
a code governing existing buildings has not been adopted. 
If using this code for evaluation of seismic resistance and 
retrofit design, ASCE/SEI 41 shall apply.

1.3.8.2 If retrofit for seismic resistance is not required by 
the code governing existing buildings or by this code, volun-
tary seismic retrofit shall be permitted.

1.3.8.2.1 When this code is used without the IEBC, the 
licensed design professional shall use the current building 
code supplemented by ASCE/SEI 41 and ASCE/SEI 7 to 
design voluntary seismic retrofits.

1.4—Administration
1.4.1 Whenever this code is in conflict with the regula-

tions of the authority having jurisdiction or code governing 

R1.3.7.1 Where nonstructural concrete requires repair, 
that repair is not required to comply with or satisfy the 
requirements of this code. The licensed design professional 
designing repairs to nonstructural concrete should consider 
the consequence of repair failure to determine if there are 
provisions of this code that are applicable.

R1.3.8 Seismic resistance

R1.3.8.1 Provisions in Chapter 10 of ASCE/SEI 41 are 
based on ACI 369.1-17, which provides specific guidance 
on evaluation, repair and rehabilitation for existing concrete 
structures.

R1.3.8.2 Conditions for evaluation of seismic resistance 
and design of retrofits are provided in Chapter 3 of ACI 369R, 
Chapter A2 of Appendix A of IEBC, and ASCE/SEI 41.

Critical conditions requiring engineering review include, 
but are not limited to: irregular building configurations; 
nonductile or strong-beam-weak-column frames; and 
anchorage of walls to diaphragms. Significant improve-
ments to the seismic resistance of a building can be made 
using repair techniques that provide less than those detailing 
and reinforcement methods required for new construc-
tion. As an example, providing additional reinforcement to 
confine concrete in flexural hinging regions will increase the 
energy dissipation and seismic performance even though the 
amount of confinement reinforcement may not satisfy the 
confinement requirements for new structures (Kahn 1980; 
Priestley et al. 1996; Harris and Stevens 1991). Rapid Visual 
Screening of Buildings for Potential Seismic Hazards: 
A Handbook (FEMA P-154), Mitigation of Nonductile 
Concrete Buildings (ATC-78 Project), Seismic Perfor-
mance Assessment of Buildings (ATC-58), Quantification 
of Building Seismic Performance Factors (FEMA P-695 
Report), and Identification and Mitigation of Nonductile 
Concrete Buildings (ATC-78-1) address seismic assessment 
and resistance in existing concrete structures.

Components of the seismic-force-resisting system that 
require strength and ductility should be identified. Force-
controlled (nonductile) action is acceptable for some classi-
fications of components of the seismic-force-resisting system 
(ASCE/SEI 41). The strength requirement of this code, 
Section 7.1 is applicable to these force-controlled components. 
ASCE/SEI 41 and ACI 369R provide information on rehabili-
tation for seismic resistance. Seismic-resisting components 
requiring energy-dissipating capability should maintain the 
ability to dissipate energy after repair. Design and detailing 
requirements for seismic resistance of cast-in-place or precast 
concrete structures are addressed in ACI 318 and ACI 369R.

R1.4—Administration
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existing buildings, the authority having jurisdiction or code 
governing existing buildings shall govern.

1.4.2 Whenever this code is in conflict with requirements 
in other referenced standards, this code shall govern.

1.4.3 Approval of special systems of design or construc-
tion—Systems that are approved by the authority having 
jurisdiction through alternative means and methods clauses 
in the building design-basis code shall be permitted.

1.4.4 Materials that are evaluated in a process equivalent 
to the requirements of the IBC shall be used in accordance 
with the requirements of the written evaluation report for the 
material. Material use shall satisfy requirements of this code.

1.5—Responsibilities of the licensed design 
professional

1.5.1 The licensed design professional for the project is 
responsible for 1) assessing; 2) designing, detailing, and 
specifying the work proposed and material requirements; 3) 
consideration of load paths for the work proposed; and 4) 
preparing construction documents of the work proposed and 
specifying a quality assurance program. Construction docu-
ments shall indicate the location, nature, and extent of the 
work proposed.

1.5.2 Potentially dangerous structural conditions—The 
licensed design professional for the project shall report 
observations of exposed structural defects in the existing 
construction within the work area representing visible 
potentially dangerous structural conditions requiring evalu-
ation and possible mitigation to the Owner.

1.5.2.1 When required by the authority having jurisdic-
tion, visible potentially dangerous conditions shall be 
reported by the licensed design professional to the authority 
having jurisdiction.

R1.4.3 New methods of design, new materials, and 
new uses of materials for repair and rehabilitation usually 
undergo a period of development before being specifically 
covered in a code. Hence, good systems or components 
might be excluded from use by implication if means are not 
available to obtain acceptance. For systems considered under 
this section, specific tests, load factors, strength reduction 
factors, deflection limits, and other pertinent requirements 
should be set by the authority having jurisdiction and should 
be consistent with the intent of this code. Provisions of this 
section do not apply to model analysis used to supplement 
calculations or to strength evaluation of existing structures.

R1.4.4 The IBC (Section 1703 in IBC 2018) includes 
provisions for approval of alternate materials in new 
construction. The approval process requires the evaluation 
to be completed by an approved agency, and the material 
properties and use requirements be summarized in a written 
evaluation report. The same process may be used for mate-
rials in repair applications, provided the materials satisfy the 
provisions of this code. This process is intended to allow for 
use of new materials and new classes of materials that do not 
have approved design or material standards.

R1.5—Responsibilities of the licensed design 
professional

R1.5.1 During the assessment part of the investigation, the 
licensed design professional should request that the Owner 
provide all available information regarding the condition of 
the building, construction documents, previous engineering 
reports, disclose the presence of any known hazardous mate-
rials in the work area, and any other pertinent information 
to the parties involved in the work. This information may 
require that remedial measures be taken before or during the 
construction process and should be considered in the scope 
of work.

R1.5.2 During investigation or repair construction, poten-
tially dangerous structural conditions in the work area may 
be revealed. To protect the public safety, an observed poten-
tially dangerous structural condition should be reported to 
the contractor and Owner to initiate mitigation of the condi-
tion. Mitigation may include temporary shoring or construc-
tion as part of the remedial work
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1.5.3 The licensed design professional for the project 
shall document the basis of design. The basis of design shall 
address work categories and repair construction within the 
work area for each structural element and include:

(a) A description of the building
(b) Modifications such as additions, alterations, or changes 

in occupancy
(c) Elements of existing structure to be shored
(d) Quality assurance and quality control (QA/QC) 

requirements
(e) Conditions and details of the proposed rehabilitation 

work
(f) Assessment criteria and findings
(g) Repair material requirements
(h) Known history of repairs and rehabilitation

R1.5.3 The basis of design provides a summary of the 
assessment of the existing structure, and a summary of the 
construction documents from original construction or prior 
rehabilitation used in developing the basis of design. The basis 
of design can be documented in a written report or included 
in construction documents. Information on some structures 
may be unavailable or unnecessary if strengthening is not 
required and should be so documented in the basis of design. 
The licensed design professional should review requirements 
of the authority having jurisdiction to determine the informa-
tion to include in the basis of design documentation and filing 
requirements for the basis of design.

Additional materials that may be documented in the basis 
of design include:

(a) Detailed building description, including age of 
construction, structural systems, identified original building 
code, and past and current uses

(b) Documentation of potentially dangerous structural 
conditions in the work area of the structure determined in 
the assessment

(c) Documentation of substantial structural damage in the 
work area

(d) Members and systems of the work area requiring 
increase in capacity beyond the demand of the original 
building code

(e) Conditions and details of the proposed rehabilitation 
work

(f) Assessment criteria and findings
(g) Design-basis code criteria and basis of rehabilitation 

design
(h) Shoring requirements such as loads and spacing of 

shoring members
(i) Quality assurance and quality control (QA/QC) 

requirements
(j) Types and frequency of future inspection
(k) Types and frequency of future maintenance
(l) Recommendations to address serviceability conditions 

as discussed in Section 6.6
A maintenance protocol that addresses project-specific 

conditions provides the most effective method to ensure dura-
bility and should be established as part of the repair or reha-
bilitation design that includes inspections and period of time 
between inspections, after completion of the repair installa-
tion. Maintenance and frequent preventative approaches that 
occur early in the service life of the structure generally result 
in improved service life with less interruption and a lower 
life-cycle cost (Tuutti 1980; ACI 365.1R). Recommenda-
tions should be provided to the Owner on inspection and 
maintenance to be undertaken during the remaining design 
service life of the repair material or the repaired part of the 
structure.

A maintenance protocol should be provided in the basis of 
design, or in as-built or close-out documents. Maintenance 
of the repair can be incorporated in the instruction manuals 
from the licensed design professional, contractor, or product 
manufacturers. Documents and records of observations, 
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1.6—Construction documents
1.6.1 The construction documents for rehabilitation work 

proposed shall provide sufficient detail and clarity to convey 
the location, nature and extent of the work, and the neces-
sary information to perform the work in conformance with 
the requirements of this code and the local authority having 
jurisdiction. Specifications shall require that materials used 
for repair and rehabilitation construction satisfy this code 
and governing regulatory requirements at the time the work 
is implemented.

1.6.2 Calculations pertinent to design shall be submitted 
with the construction documents if required by the authority 
having jurisdiction. Scale-model testing and analysis shall 
be permitted to supplement calculations.

1.6.3 To the extent required by the contract between the 
licensed design professional and Owner, the licensed design 
professional shall provide the Owner with copies of the basis 
of design report, assessment reports, project documents, field 
reports, locations of completed repairs, and other project 
documents.

1.7—Preliminary assessment
1.7.1 Preliminary assessment of an existing structure shall 

include investigation and review of the structure, construc-
tion documents, reports, local jurisdictional codes, and 
other available documents of the existing structure. Existing 
in-place conditions shall be visually or otherwise investi-
gated to verify existing geometry and structural conditions.

inspections and tests should be provided to the Owner as 
necessary for future work.

R1.6—Construction documents
R1.6.1 As necessary, the construction documents should 

indicate:
(a) Name and date of issue of the building code and 

supplements to which the assessment, repairs, or rehabilita-
tion conforms

(b) Design-basis code criteria used for conditions 
addressed by the documents

(c) Design assumptions and construction requirements 
including specified properties of existing and remedial mate-
rials used for the project and the strength requirements at 
stated ages or stages of the construction

(d) Details, locations and notes indicating the size, config-
uration, reinforcement, anchors, repair materials, preparation 
requirements, and other pertinent information to implement 
the repairs, strengthening, or rehabilitation of the structure

(e) Magnitude and location of prestressing forces
(f) Anchorage details for prestressing reinforcement
(g) Development length of reinforcement and length of lap 

splices
(h) Type and location of mechanical or welded splices of 

reinforcement
(i) Shoring or bracing criteria necessary before, during, 

and at completion of the assessment, repair, or rehabilitation 
projects

(j) Quality assurance program including specific inspec-
tions and testing requirements

ACI 563 is a reference specification that is written to be 
consistent with the requirements of this Code.

R1.6.2 Analyses and designs should include calculations, 
evaluation and design assumptions. If computer-based anal-
yses and designs, such as finite element methods are used, 
they should include input, and computer-generated output.

R1.6.3 Documentation of the project and repairs that have 
been carried out, including structural observations, inspection 
reports by others, test results, and recommendations on inspec-
tion and maintenance to be undertaken during the remaining 
design service life of the repaired part of the concrete struc-
ture, should be provided to the Owner. The extent and type 
of quality assurance records should include those required in 
the construction documents. It is good practice for the Owner 
to keep documentation of repairs, inspections, testing, moni-
toring, and investigations for future reference.

R1.7—Preliminary assessment
R1.7.1 The goal of the preliminary assessment is to 

examine available information about the structure within 
the work area, and to make an initial determination of its 
adequacy to withstand in-place environmental conditions 
and design loads. The results of the preliminary assessment 
should be used to make decisions regarding the current 
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in-place condition, need for additional information, work 
items necessary as part of the assessment, possible rehabili-
tation design and construction work to consider, and if there 
is a need for temporary shoring for safety of the existing 
structure. The preliminary assessment results should be 
updated as additional data regarding the examined structure 
become available.

The licensed design professional may determine that 4.6 
or A.6 applies in a preliminary assessment based on engi-
neering judgment and without analysis if all of the following 
are confirmed:

(a) Historical performance of the structure and visual 
observation of the structural condition of members and 
systems indicate acceptable behavior precluding assessment 
by 4.3 or A.3

(b) Review of construction documents and observation of 
current structural conditions indicate damage or deteriora-
tion of the structure below the level requiring assessment by 
4.4 and 4.5 or A.4 and A.5

(c) Modifications for additions, alterations, and changes in 
occupancy are not planned.

Repairs are permitted that address durability and service-
ability of 4.6 or A.6 without analyzing members and systems 
and checking the demand-capacity ratio limits of 4.3 through 
4.5 or A.3 through A.5 if the structure is determined to be 
structurally acceptable. Structural performance should be 
considered acceptable if past and present performance has 
been satisfactory and observations do not indicate structural 
distress beyond levels expected.

The extent of damage or deterioration should be limited 
and the licensed design professional should not have a 
concern about the capacity of the structure if repairs are 
completed using the provisions of 4.6 with verifying the 
demand to capacity limits of 4.4 and 4.5 or A.4 and A.5.

R1.7.2 Potentially dangerous structural conditions may 
require the Owner to install shoring, limit access, or take 
other measures to mitigate these conditions.

R1.7.3 The assumed preliminary assessment criteria 
should be substantiated or modified in accordance with the 
assessment details of Chapter 6.

R1.7.4 When required as a part of the preliminary assess-
ment, strength calculations should be based on in-place 
conditions and should include an assessment of the loss 
of strength due to deterioration mechanisms. Guidelines 
for assessing in-place conditions include ACI 201.2R, 
ACI 214.4R, ACI 228.1R, ACI 228.2R, ACI 364.1R, ACI 
437.1R, FEMA P-58, FEMA P-154, FEMA 306, FEMA 307, 
ASCE/SEI 11, ASCE/SEI 41, ATC-20, ATC-45, and ATC-78 
as well as The Concrete Society Technical Report 68 (2008). 
When material test results are initially unavailable, histor-
ical properties based on typical values used at the time of 

1.7.2 The preliminary assessment shall determine if 
visibly potentially dangerous structural conditions are 
present. If present, they shall be reported in accordance 
with 1.5.2.

1.7.3 For the purpose of performing a preliminary assess-
ment, it is permitted to use the criteria of the original or 
current building code for assessment criteria of Chapter 4 
or Appendix A.

1.7.4 The in-place strength of the existing structure shall be 
determined considering in-place geometric dimensions and 
material properties including effects of material deterioration 
and other deficiencies. If material properties are not immedi-
ately available, a preliminary assessment is permitted to be 
completed using material properties as described in Section 
6.3.2.
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construction can be used in preliminary evaluation. If avail-
able, material properties from construction documents can 
also be used in a preliminary evaluation.

The assessment of existing structures should initially 
focus on critical gravity-load-resisting members such as 
columns, walls, and members that are expected to have 
limited ductility, followed by an assessment of the lateral-
load-resisting system.

Assessing fire damage and other deterioration mecha-
nisms that result in a change in material properties (such 
as compressive strength or modulus of elasticity) should 
include an evaluation of the effect of the damage on the 
material properties and the impact of the damage on the 
performance of the existing structure. Examples of deterio-
ration mechanisms that result in possible changes in material 
properties include corrosion of steel reinforcement, thermal 
damage, concrete reactions such as alkali-aggregate, and 
freezing and thawing.

Conditions to be documented include cracking, spalls, 
member deflection, cross-section dimensions different 
than specified on the original construction drawings, and 
construction deviating from tolerances permitted under the 
original design criteria.

R1.7.5 The preliminary assessment is generally the first 
portion of the work necessary to determine the rehabilitation 
category. Based upon preliminary assessment results, a struc-
tural assessment may be required to determine the extent of 
damage or if potentially dangerous structural conditions are 
present. However, in some cases the licensed design profes-
sional may deem that a structural assessment is not required 
based on judgement in accordance with 1.7.1 and R1.7.1.

1.7.5 A structural assessment in accordance with Chapter 
6 shall be performed when a member or structure exhibits 
damage, displacements, deterioration, or structural deficien-
cies, or behavior is observed during the preliminary assess-
ment that is unexpected or inconsistent with available design 
and construction documents or code requirements in effect at 
the time of construction.
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CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation
This chapter defines notation and terminology used in this 

code.
c = depth of neutral axis, in.
D = dead load acting on the structure
dt = distance from extreme compression fiber to centroid 

of extreme tension reinforcement, in.
fc̄ = average core strength modified to account for the 

diameter and moisture condition of the core, psi
fc′ = specified concrete compressive strength, psi
fceq = equivalent specified concrete strength used for 

evaluation, psi
fy = specified yield strength of steel reinforcement, psi
fȳ = average yield strength value for steel reinforce-

ment, psi
fyeq = equivalent yield strength of steel reinforcement 

used for evaluation, psi
kc = coefficient of variation modification factor for 

concrete testing sample sizes
ks = coefficient of variation modification factor for steel 

testing sample sizes
L = live load acting on the structure
ℓt = span of member under load test and taken as the 

smaller of: (a) distance between centers of supports; 
and (b) clear distance between supports plus thick-
ness h of member; for a cantilever, it shall be taken 
as twice the distance from face of support to canti-
lever end, in.

n = number of sample tests
Ra = service load capacity of structural member, system, 

or connection including effects of damage, dete-
rioration of concrete and reinforcement, and faulty 
construction determined using allowable stresses 
according to the original building code.

Rcn = current in-place nominal capacity of structural 
member, system, or connection including the 
effects of damage, deterioration of concrete and 
reinforcement, and faulty construction

Rex = nominal resistance of the structure during an 
extraordinary (that is, low-probability) event 
computed using the probable material properties

Rn = nominal capacity of structural member, system, or 
connection excluding the effects of damage, dete-
rioration of concrete and reinforcement, and faulty 
construction

S = snow load acting on the structure
Tg = glass transition temperature, °F
U = demand using nominal loads and factored load 

combinations for strength design provisions 
(LRFD)

Uc = demand using nominal loads of the current building 
code and factored load combinations of ASCE/SEI 
7 for strength design provisions (LRFD)

R2—NOTATION AND DEFINITIONS
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Uo = demand using nominal loads and factored load 
combinations of the original building code for 
strength design provisions (LRFD)

Uo
* = demand using nominal loads of the original building 

code and factored load combinations of ASCE/SEI 
7 for strength design provisions (LRFD)

Us = demand using service loads of the original building 
code and load combinations of the original building 
code

V = coefficient of variation (a dimensionless quantity 
equal to the sample standard deviation divided by 
the mean) determined from testing of concrete or 
steel samples from structures

vni = nominal interface shear stress capacity
vu = resultant interface stress demand from the transfer 

of tension and shear
εt = net tensile strain in the extreme tension reinforce-

ment at nominal strength
εy = yield strain of steel reinforcement
ϕ = strength reduction factor
ϕex = strength reduction factor used to check strength of 

the structure without external reinforcement after 
an extraordinary event

ϕo = strength reduction factor from the original building 
code used in the design of an existing structure

2.2—Definitions
ACI provides a comprehensive list of definitions through 

an online resource, “ACI Concrete Terminology.” Defini-
tions provided here complement that resource.

assessment—refer to structural assessment.
assessment criteria—codes, standards, loads, demands, 

capacities, strength reduction factors, materials, material 
properties, connections, details, and protections used in the 
evaluation.

authority having jurisdiction—person or entity that has 
legal control over the applicable building code and permit-
ting procedures for a structure.

bond—(1) adhesion of applied materials to reinforcement 
or other surfaces against which they are placed, including 
friction due to shrinkage and longitudinal shear in the 
concrete and repair materials engaged by the bar deforma-
tions; (2) adhesion or cohesion between layers of a repair 
area or between a repair material and a substrate produced 
by adhesive or cohesive properties of the repair material or 
other supplemental materials throughout the service life of 
the repair.

bond-critical application—strengthening or repair 
system that relies on load transfer from the substrate to the 
system material achieved through shear and tension transfer 
at the interface, where bond rather than mechanical attach-
ment is used as the primary load transfer mechanism.

capacity—the strength, stiffness, ductility, energy dissi-
pation and durability, of a material, member or system as 
determined by analysis or testing.

R2.2—Definitions
Additional repair-related definitions are provided by 

“ICRI Concrete Repair Terminology”.

An example of an authority having jurisdiction is the local 
building official.

This definition has been expanded from “ACI Concrete 
Terminology” for this code.
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compatible—the ability of two or more materials to be 
placed in contact or in sufficiently close proximity to interact 
with no significant detrimental results with respect to the 
intended service life.

connector steel—steel elements, such as reinforcing bars, 
shapes, or plates, embedded in concrete or connected to 
embedded elements to transfer load, restrain movement, or 
provide stability.

contact-critical application—strengthening or repair 
system that relies on load transfer from the substrate to the 
system material achieved through bearing perpendicular to 
the interface.

construction documents—written and graphic docu-
ments and specifications prepared or assembled that describe 
the location, design, materials, and physical characteris-
tics of the elements of a project necessary for obtaining a 
building permit and for construction of the project.

damage—a decrease in the capacity of an existing 
member or structure resulting from events, such as loads and 
displacements, or as a result of deterioration of the structure.

dangerous—any building, structure, or portion thereof 
that meets any of the conditions described below shall be 
deemed dangerous:

1. The building or structure has collapsed, has partially 
collapsed, has moved off its foundation, or lacks the neces-
sary support of the ground.

2. There exists a significant risk of collapse, detachment 
or dislodgement of any portion, member, appurtenance, or 
ornamentation of the concrete building or structure under 
service loads.

demand—the force, deformation, energy input, and 
chemical or physical attack imposed on a material, member, 
or system which is to be resisted.

design-basis code—legally adopted code requirements 
under which the assessments, repairs, and rehabilitations are 
designed and constructed.

design-basis criteria—codes, standards, loads, displace-
ment limits, material properties, connections, details, and 
protections used in the design of mandated or voluntary 
work.

design service life (of a building, component, or mate-
rial)—the period of time after installation or repair during 
which the performance satisfies the specified requirements if 
routinely maintained but without being subjected to an over-
load or extreme event.

deterioration—(1) physical manifestation of failure of 
a material (for example, cracking, delamination, flaking, 
pitting, scaling, spalling, and staining) caused by environ-
mental or internal autogenous influences on rock and hard-
ened concrete as well as other materials; (2) decomposition 
of material during either testing or exposure to service. (See 
also disintegration and weathering in ACI CT.)

durability—ability of a material or structure to resist 
weathering action, chemical attack, abrasion, and other 
conditions of service and maintain serviceability over a 
specified time or service life.

An example of a contact-critical application is the addition 
of a confinement jacket around a column.

This definition has been adopted from the IEBC. Poten-
tially dangerous conditions of an existing concrete member, 
system, or structure may include those defined as dangerous 
from the IEBC. Circumstances may render some conditions 
defined as dangerous to be potentially dangerous within a 
limited period of time or may be concluded to be less of an 
imminent hazard.
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equivalent cover—a system to supplement insufficient 
concrete cover to improve durability or fire protection to that 
equivalent to the minimum cover specified in the design-
basis code.

evaluation—refer to structural evaluation.
existing structure—structure for which a legal certificate 

of occupancy has been issued. For structures that are not 
covered by a certificate of occupancy, existing structures are 
those that are complete and permitted for use or otherwise 
legally defined as an existing structure or building.

factored load—product of the nominal load and load 
factor.

faulty construction—deficient construction resulting 
from errors or omissions in design or improper construction 
causing displacement of supporting portions of the structure 
or resulting in deficient materials, geometry, size or loca-
tion of concrete members, reinforcement or connections that 
result in a decrease in the capacity of an existing structure 
or an adverse impact on the long-term durability or service-
ability of the structure.

in-place condition—current condition of an existing 
structure, system, member, connection including component 
sizes and geometry, material properties, faulty construction, 
deterioration, and damage from an event.

interface reinforcement—(1) existing or supplemental 
reinforcement that is properly anchored on both sides of 
an interface; (2) post-installed reinforcement such as adhe-
sive anchors or mechanical anchors, or other mechanical 
connections providing a method of force transfer across an 
interface.

interface shear stress—shear stress resulting from transfer 
of forces at bonded interfaces between repair material and 
existing substrate used to achieve composite behavior.

licensed design professional—(1) an engineer or archi-
tect who is licensed to practice structural design as defined 
by the statutory requirements of the professional licensing 
laws of a state or jurisdiction; (2) the engineer or architect, 
licensed as described, who is responsible for the structural 
design of a particular project (also historically engineer of 
record).

nominal load—magnitude of load specified by the design-
basis code before application of any load factor.

nonstructural concrete—any element or portion thereof 
made of plain or reinforced concrete that is not required to 
transfer gravity load, lateral load, or both, along a load path 
of a structural system to the ground.

Owner—corporation, association, partnership, individual, 
or public body or authority with whom the contractor enters 
into an agreement and for whom the work is provided. The 
Owner is the party in legal possession of the structure.

potentially dangerous—(1) structural state of existing 
concrete within a work area for an individual structural 
member, structural system, or structure meets the definition 
of dangerous or unsafe, is unstable, has potential of collapse 
of overhead components or pieces (falling hazards), has 

The definition is different from the IEBC definition of an 
existing building. The IEBC definition is “A building erected 
prior to the date of adoption of the appropriate code, or one 
for which a legal building permit has been issued.” When 
using this code with the IEBC, use of the IEBC definition is 
appropriate.

This definition is adopted from “ACI Concrete Terminology.”

Potentially dangerous conditions of an existing concrete 
member, system, or structure include conditions that may be 
defined as dangerous or unsafe in the IEBC. These conditions 
may be overtly hazardous, dangerous, or unsafe depending 
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been determined to have demand/capacity ratio exceeding 
the limit of Section 4.3.2.2 or has potentially hazardous 
resistance for seismic events. (2) A limit state of unaccept-
ably low margin of safety against collapse without supple-
mental resistance.

rehabilitation—repairing or modifying an existing struc-
ture to a desired useful condition.

repair—the reconstruction or renewal of concrete parts 
of an existing structure for the purpose of its maintenance 
or to correct deterioration, damage, or faulty construction of 
members or systems of a structure.

repair reinforcement—reinforcement used to provide 
additional strength, ductility, confinement, or any combina-
tion of the three, to the repaired member.

repair, structural—restoring a damaged or deteriorated 
structure or increasing the capacity of a structure.

repair system—the combination of existing and new 
components, which may include existing reinforcement, 
repair materials, supplementary reinforcement and supple-
mental structural members.
retrofit—modification of an existing member, system, or 

structure to increase its strength, ductility, or both as a means 
of improving the seismic performance of the structure.

serviceability—structural performance under service 
conditions.

shoring—props or posts of timber, steel, or other material 
used for the temporary support of excavations, formwork, 
members during repairs, or potentially dangerous structures; 
the process of erecting shores.

on the circumstances or load probability between the time of 
determination and repair.

This definition is adapted from ACI Concrete Termi-
nology – “the process of repairing or modifying a structure 
to a desired useful condition.” The definition is specific for 
concrete rehabilitation and is inclusive of the IEBC defini-
tion – “Any work, as described by the categories of work 
defined herein, undertaken in an existing building.” Herein, 
concrete rehabilitations include: repair to restore original 
capacity; strengthening to increase the capacity to the current 
building code requirements; seismic retrofits per ASCE/SEI 
41; and modifications addressing additions, alterations, and 
change of occupancy.

The definition of repair from ACI Concrete Terminology 
is “to replace or correct deteriorated, damaged, or faulty 
materials, components, or elements of a structure.” The 
definition of repair from IEBC is “The reconstruction or 
renewal of any part of an existing building for the purpose 
of its maintenance or to correct damage.” The definition 
herein is adapted from the IEBC and is specific for repair 
of materials, components, or elements of existing concrete 
structures where structural repair or durability is addressed. 
Faulty materials, components, or elements of a structure are 
interpreted to be faulty construction resulting from errors or 
omissions in design or construction.

This definition is adapted from ACI Concrete Termi-
nology – “increasing the load-carrying capacity of a struc-
tural component beyond its current capacity or restoring 
a damaged structural component to its original design 
capacity.” Herein, the definition addresses increasing the 
capacity to include enhancements such as ductility of existing 
concrete members. Repairs to nonstructural members, whose 
failure would cause or result in potentially dangerous struc-
tural conditions are considered structural repairs.

Typically used to refer to seismic modifications to increase 
resistance in an existing structure per ASCE/SEI 41. The 
definition is adapted from ASCE/SEI 41 – “Improving the 
seismic performance of structural or nonstructural compo-
nents of a building.”
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specialty engineer—a licensed design professional 
retained by a contractor to design a delegated portion of the 
project.

stability, global—stability of the overall existing struc-
ture with respect to vertical support, uplift, overturning, 
sway instability, or sliding failure.

stability, local—the stability of an individual member or 
part of an individual member.

strengthening—process of increasing the capacity of an 
existing structure or a portion thereof.

structural analysis—process of using engineering 
mechanics to determine internal demands on, and capacities 
of a structure, member, or system.

structural assessment—the process of investigating by 
systematically collecting information regarding the perfor-
mance of an existing structure; and evaluating the collected 
information to make informed decisions regarding the need 
for repair or rehabilitation; and detailing of findings as conclu-
sions and reporting recommendations for the examined struc-
tural concrete work area (member, system, or structure).

The term “specialty engineer” is used in Chapter 9. In 
this code, the specialty engineer will typically be a licensed 
design professional that is retained by the contractor to 
design specific types of components such as precast concrete 
or shoring members.

This definition with specific details for existing concrete 
is adapted from ASCE/SEI 11 – “Systematic collection and 
analysis of data, evaluation, and recommendations regarding 
the portions of an existing structure which would be affected 
by its proposed use.”

A structural assessment is the process of acquiring knowl-
edge of the existing structure used for the purpose of judging 
the future performance. The results of the investigation and 
evaluation are used to make decisions on the appropriate 
course of action regarding the future use of the structure and 
the suitability of the structure to continue in service.

Herein, assessments should be limited to the work area 
and may include:

(a) Investigation of the in-place condition of the existing 
structure by:

i. Collection and review of field data for the struc-
ture, such as geometry, material strengths, conditions, 
symptoms of distress, extent of damage, measurement 
of displacements, environmental factors and reinforce-
ment sizes, and placement
ii. Collection of background data, such as construction 
plans, construction records, original, current, and code 
governing existing buildings, and historical events

(b) Evaluation of an existing structure, member or 
system of the work area (refer to commentary for structural 
evaluation)

(c) Findings and conclusions of the investigation and eval-
uation include:

i. Define the existing structure, member, or system rehabil-
itation category using the assessment criteria of this code
ii. Identify the work area, scope of work and likely cause 
or mechanism of damage, distress and deterioration
iii. Identify faulty construction limitations
iv. Evaluate test results to determine cause of failure and 
predict future performance.

(d) Determine repair and rehabilitation concepts, strate-
gies, alternates and recommendations

i. Develop cost-impact or economic study as necessary 
to appraise remedial work and maintenance
ii. Describe repair and rehabilitation work 
recommendations
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structural concrete—plain or reinforced concrete in a 
member that is part of a structural system required to transfer 
gravity loads, lateral loads, or both, along a load path to the 
ground.

structural evaluation—the process of determining and 
judging the structural adequacy of a structure, member, or 
system for its current intended use or performance objective.

(e) Report conclusions and recommendations include:
i. Work area limits and limitations of information 
collected and evaluated
ii. Assessment criteria and work of the evaluation such 
as calculations, tests and analyses
iii. Details of findings (conclusions) and recommendations
iv. Safety issue requirements (for example, recommen-
dation for any temporary shoring)

This definition is adapted from ASCE/SEI 11 – “The 
process of determining the structural adequacy of the struc-
ture or component for its intended use, performance, or 
both. Evaluation by its nature implies the use of personal 
and subjective judgment by those functioning in the capacity 
of experts.” An evaluation should determine, to the best of 
the license design professional’s knowledge, the level of 
quality (structural adequacy, serviceability, or durability) 
of an existing structure based upon a measured criteria and 
the judgment of the licensed design professional. An evalu-
ation may require professional judgment to gage structural 
adequacy. Structural analyses may be required to determine 
possible ranges of existing structure capacities and varia-
tions in demands. The goal of the evaluation process is to 
appraise the in-place condition to determine adequacy for 
current or proposed future use. Structural evaluation requires 
determining capacity and demand, which may vary widely 
depending on the acquired information, tests, models, and 
analyses; determining the demand-capacity ratios; and 
judging structural reliability limits, which may be open to 
interpretation based on project requirements, structural 
experience, knowledge, and past performance.

Evaluation activities may include:
(a) Tests to confirm reinforcement location, strength 

of material properties or structural capacity of existing 
members or systems or for presence of contaminants.

(b) Analysis of test results to establish reinforcement, 
statistical equivalent material properties, limits of faulty 
construction, and structural capacity

(c) Screening of observations and tests for mechanisms 
and causes of damage, distress, and deterioration

(d) Establishing the assessment criteria
(e) Calculating demand loadings, serviceability limits, 

lateral displacements, and durability requirements
(f) Analysis of the structure to determine the capacity of 

the structure to withstand current or future load demands and 
comply with serviceability limits

i. Determination of demand-capacity ratios to appraise 
structural adequacy, ascertain classifications, and judge 
the need for repair and rehabilitation
ii. determination of maintenance requirements neces-
sary for the service life of the structure
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substantial structural damage—except when using 
Appendix A, substantial structural damage shall be as 
defined in the IEBC.

When using this code as a stand-alone code, substantial 
structural damage shall be as defined in A.4.

temporary bracing—non-permanent supplemental 
members added to an existing structure to prevent local or 
global instability during assessment and repair construction.

undercutting—concrete removal around the reinforce-
ment circumference to allow for existing reinforcement to 
be encapsulated in repair material.

The definition of substantial structural damage is from the 
IEBC. The definition has been modified, as noted in A.4, 
when using this code as a stand-alone code.
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CHAPTER 3—REFERENCED STANDARDS

American Concrete Institute
ACI 216.1-14—Code Requirements for Determining 

Fire Resistance of Concrete and Masonry Construction 
Assemblies

ACI 318-19—Building Code Requirements for Structural 
Concrete and Commentary

ACI 369.1-17—Standard Requirements for Seismic Eval-
uation and Retrofit of Existing Concrete Buildings

ACI 437.2-13—Code Requirements for Load Testing of 
Existing Concrete Structures and Commentary

ACI 440.6-08—Specification for Carbon and Glass 
Fiber-Reinforced Polymer Bar Materials for Concrete 
Reinforcement

ACI 440.8-13—Specification for Carbon and Glass Fiber-
Reinforced Polymer (FRP) Materials Made by Wet Layup for 
External Strengthening of Concrete and Masonry Structures

American Institute of Steel Construction
ANSI/AISC 360-16—Specification for Structural Steel 

Buildings

American Society of Civil Engineers
ASCE/SEI 7—Minimum Design Loads for Buildings and 

Other Structures
ASCE/SEI 37—Design Loads on Structures during 

Construction
ASCE/SEI 41—Seismic Evaluation and Retrofit of 

Existing Buildings

American Welding Society
AWS D1.4/D1.4M:2011—Structural Welding Code—

Reinforcing Steel

ASTM International
ASTM A15—Specification for Billet-Steel Bars for 

Concrete Reinforcement (withdrawn 1969)
ASTM A16—Specification for Rail-Steel Bars of Concrete 

Reinforcement (withdrawn 1969)
ASTM A61—Specification for Deformed Rail Steel Bars 

for Concrete Reinforcement with 60,000 psi Minimum Yield 
Strength (withdrawn 1969)

ASTM A160—Specification for Axle-Steel Bars for 
Concrete Reinforcement (withdrawn 1969)

ASTM A185/A185M-18—Standard Specification for 
Steel Welded Wire Reinforcement, Plain, for Concrete 
(withdrawn 2013)

ASTM A370-14—Standard Test Methods and Definitions 
for Mechanical Testing of Steel Products

ASTM A408—Specification for Special Large Size 
Deformed Billet-Steel Bars for Concrete Reinforcement 
(withdrawn 1968)

ASTM A431—Specification for High-Strength Deformed 
Billet-Steel Bars for Concrete Reinforcement with 75,000 
psi Minimum Yield Strength (withdrawn 1968)

R3—REFERENCED STANDARDS
Both current and withdrawn standards are referenced. 

Standards that are referenced in the design-basis code are 
applicable for the assessment of existing structures. These 
standards may have been withdrawn by the developing orga-
nization; however, they provide information on the materials 
used at the time of original construction. Refer to 4.3.3 and 
Chapter 6.
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ASTM A432—Specification for Deformed Billet Steel 
Bars for Concrete Reinforcement with 60,000 psi Minimum 
Yield Point (withdrawn 1968)

ASTM A497/A497M—Standard Specification for Steel 
Welded Wire Reinforcement, Deformed, for Concrete (with-
drawn 2013)

ASTM A615/A615M-14—Standard Specification for 
Deformed and Plain Carbon-Steel Bars for Concrete 
Reinforcement

ASTM A616/A616M-96a—Standard Specification for 
Rail-Steel Deformed and Plain Bars for Concrete Reinforce-
ment (withdrawn 1999)

ASTM A617/A617M-96a—Standard Specification for 
Axle-Steel Deformed and Plain Bars for Concrete Rein-
forcement (withdrawn 1999)

ASTM A706/A706M-14—Standard Specification for 
Low-Alloy Steel Deformed and Plain Bars for Concrete 
Reinforcement

ASTM A955/A955M-15—Standard Specification for 
Deformed and Plain Stainless Steel Bars for Concrete 
Reinforcement

ASTM A1061/A1061M-09—Standard Test Methods for 
Testing Multi-Wire Steel Strand

ASTM C42/C42M-13—Standard Test Method for Obtaining 
and Testing Drilled Cores and Sawed Beams of Concrete

ASTM C823/C823M-12—Standard Practice for Exami-
nation and Sampling of Hardened Concrete in Constructions

ASTM C1580-15—Standard Test Method for Water-
Soluble Sulfate in Soil

ASTM C1583/C1583M-13—Standard Test Method for 
Tensile Strength of Concrete Surfaces and the Bond Strength 
or Tensile Strength of Concrete Repair and Overlay Mate-
rials by Direct Tension (Pull-off Method)

ASTM D516-16—Standard Test Method for Sulfate Ion 
in Water

ASTM D4065-12—Standard Practice for Plastics: 
Dynamic Mechanical Properties: Determination and Report 
of Procedures

ASTM D4130-15—Standard Test Method for Sulfate Ion 
in Brackish Water, Seawater, and Brines

ASTM E329-14a—Standard Specification for Agencies 
Engaged in Construction Inspection, Testing, or Special 
Inspection

BSI Group
BS EN 1504-10:2017—Products and systems for the 

protection and repair of concrete structures. Definition, 
requirements, quality control and evaluation of conformity. 
Site application of products and systems and quality control 
of the works

International Code Council
IBC—International Building Code
IEBC—International Existing Building Code
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R4—CRITERIA WHEN USING THIS CODE WITH 
THE INTERNATIONAL EXISTING BUILDING CODE 

(IEBC)

R4.1—General
R4.1.1 Appendix A is used when this code is used for 

existing concrete structures as a stand-alone code without 
the IEBC and may be used to supplement provisions of 
Chapter 34 in 2012 and previous versions of the IBC.

R4.1.2 Structures constructed under previously adopted 
codes or before the adoption of a building code may not 
satisfy all current building code requirements. This Code 
and the IEBC contain specific requirements that determine 
if existing structures should be repaired, rehabilitated, or 
retrofitted to satisfy the requirements of the design-basis 
code. Local ordinances may also require that a structure be 
rehabilitated to satisfy the current codes. These requirements 
should be reviewed at the start of a project.

In the absence of mandatory local ordinances, the licensed 
design professional should determine if a seismic evalua-
tion is necessary for potentially hazardous conditions using 
Section 4.3.3. Section 4.3.3 provides minimum assessment 
criteria for potentially hazardous seismic conditions. Provi-
sions of ASCE/SEI 41 may be applicable to nonbuilding 
structures being assessed.

R4.1.3 Refer to Section R1.2.4.3.1 for additional commen-
tary on use of current building code as the design-basis 
criteria.

R4.1.4 Unless the local jurisdiction provides more restric-
tive requirements, this chapter with the IEBC should be used 
to determine the assessment and design-basis criteria based 
on the work category of Table 4.1.4.

CHAPTER 4—CRITERIA WHEN USING THIS CODE 
WITH THE INTERNATIONAL EXISTING BUILDING 

CODE (IEBC)

4.1—General
4.1.1 This chapter applies if a jurisdiction has adopted the 

International Existing Building Code (IEBC) as the existing 
building code. When this chapter is used, Appendix A does 
not apply.

4.1.2 The design-basis code criteria of the project shall 
be determined based upon the results of the preliminary 
assessment (1.7) and the detailed assessment (Chapter 6), if 
performed, using the requirements set forth in this chapter.

4.1.3 It shall be permitted to use the current building code 
in place of the original building code as the design-basis 
criteria for all damage states, deterioration, faulty design, or 
faulty construction.

4.1.4 It shall be permitted to use this code in conjunction 
with the IEBC to determine the work category as shown in 
Table 4.1.4.
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R4.1.5 New member or reinforcement that is part of the 
work area repairs and built jointly with the existing structure 
should be designed using the same criteria as other repairs 
to the structure. However, the detailing of new members 
and detailing of added reinforcement, including connections 
to the existing structure, should comply with the current 
building code.

R4.1.6 The licensed design professional should review 
the development of existing reinforcing steel, when cracking 
damage is evident near the ends of reinforcement, to deter-
mine if the cracking is indicative of potential development 
failure beyond the restrictions of this section. Research has 
shown that development length equations from previous 
versions of ACI 318 may be unconservative for top cast plain 
reinforcing steel bars (Feldman and Cairns 2017). Signifi-
cant changes have occurred in the building code require-
ments increasing the development of reinforcing steel.

When the basis of design is the current building code, the 
licensed design professional should consider the following:

(a) Assessing demand/capacity ratios for the existing rein-
forcing steel with current development length provisions

(b) Confinement details of the reinforcement when 
assessing seismic resistance

The licensed design professional should determine if 
structural behavior indicates adequate performance. ACI 

Table 4.1.4—Design-basis code criteria references 
for work categories

Work category

Design-basis 
code criteria 

reference

Potentially dangerous structural conditions for gravity 
and wind loads 4.3.2

Potentially hazardous structural conditions for seismic 
resistance in regions of high seismicity 4.3.3

Substantial structural damage, definition IEBC

Substantial structural damage to vertical elements of the 
lateral-force-resisting system IEBC

Substantial structural damage to vertical elements of the 
gravity-load-resisting system IEBC

Damage less than substantial structural damage with 
strengthening 4.5

Damage less than substantial structural damage without 
strengthening 4.6

Deterioration and faulty construction with strengthening 4.5

Deterioration and faulty construction without 
strengthening 4.6

Additions IEBC

Alterations IEBC

Changes in occupancy IEBC

4.1.5 This code shall be used to assess and design repairs 
of existing structures. The current building code shall be 
used to detail new concrete members and connections 
between new concrete members and existing construction. 
When the original building code is used as the design-basis 
criteria for repairs and new concrete or reinforcing members 
are integrated with the repairs, the original building code 
shall be used for design; otherwise, these new members shall 
be designed using the current building code.

4.1.6 In design of repair to existing structures using the 
original building code, detailing of the existing reinforce-
ment within the work area need not comply with the current 
building code, if both of the following conditions are 
satisfied:

(a) The damage or deterioration to the existing reinforce-
ment is addressed

(b) The repaired work area of the structure has capacity 
equal to or greater than demand per 5.2.2 using the original 
building code requirements or satisfies the requirements of 
4.5.3 when using allowable stress design
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4.2—Compliance method
4.2.1 The compliance method selected and the design-

basis criteria shall be used consistently for all assessment 
and rehabilitation design, excluding other options.

4.3—Potentially dangerous structural conditions
4.3.1 A structural assessment shall be performed in the 

work area to determine if potentially dangerous structural 
conditions are present when there is a reason for the licensed 
design professional to question the capacity of the struc-
ture or when potentially dangerous structural conditions are 
observed as a part of the preliminary assessment.

4.3.1.1 Potentially dangerous structural conditions shall 
be reported in accordance with 1.5.2.

4.3.2 For gravity, fluid, soil, and wind loads, potentially 
dangerous structural conditions exist in members or struc-
tures where the demand/capacity ratio is greater than 1.5, as 
shown in Eq. (4.3.2).

 Uc/ϕRcn > 1.5 (4.3.2)

In Eq. (4.3.2), Uc is the strength design demand deter-
mined by using the nominal loads identified in the current 
building code and the factored load combinations of ASCE/
SEI 7, excluding seismic forces; and ϕRcn is the capacity 
adjusted by the strength reduction factor ϕ in Section 5.3 or 
5.4 of this code.

4.3.2.1 If the demand/capacity ratio exceeds 1.5 for the 
work area, the design-basis criteria shall be the current 
building code.

4.3.2.2 For structures with no potentially dangerous condi-
tions, Sections 4.4 through 4.9 shall be used to determine the 
design-basis criteria.

224.1R, ACI 437R, and ACI 437.1R provide guidance in 
judging acceptable performance.

R4.2—Compliance method
R4.2.1 For all existing structures, only one of the compli-

ance methods listed in the IEBC should be used and these 
should not be used in combination with each other.

R4.3—Potentially dangerous structural conditions
R4.3.1 Structural assessments are required when damage, 

deterioration, structural deficiencies or behavior are observed 
during the preliminary assessment that are unexpected or 
inconsistent with available construction documents. The 
structural condition assessment will be performed in accor-
dance with 1.7 or Chapter 6, or both. The commentary to 
1.7.4 has information on methods to determine if there is a 
reason to question the capacity of the structure. Results of 
the condition assessment should also be reviewed to identify 
if potentially dangerous structural conditions are present. 
Potentially dangerous structural conditions include any 
instability, the potential for collapse of overhead components 
or pieces (falling hazards), or a significant risk of collapse 
exists under service load conditions.

R4.3.2 Demand/capacity ratios are used to quantify the 
adequacy of the member or structure. The threshold demand/
capacity ratios determine when different levels of interven-
tion may be required. For each demand/capacity ratio, this 
code provides direction on how the demand and capacity are 
determined. Demands may be determined based upon loads 
associated with current building codes (Uc as defined above) 
or loads specified during the original design of the structure 
(Uo as defined in Section 4.5.1). The calculated capacity of 
the structure will vary depending upon the condition of the 
structure and extent of evaluation used to confirm as-built 
properties of the structure.

In assessing potentially dangerous structural conditions, 
the demand of Eq. (4.3.2) combines current building code 
nominal gravity loads (dead, live and snow) with lateral 
loads from fluid, soil and wind (excluding seismic forces), 
using the factored load combinations of ASCE/SEI 7. A 
demand/capacity ratio greater than 1.5, calculated using Eq. 
(4.3.2), represents a condition with limited to potentially 
no margin of safety against failure for ASCE/SEI 7 loads 
(Stevens and Kesner 2016).

In the assessment of potentially dangerous structural condi-
tions, the licensed design professional should determine if it 
may be appropriate to include structural redundancies, alter-
nate load paths, primary and secondary supporting elements, 
redistribution of loads, collapse mechanisms, reduced live 
loads, measured displacements (sagging, listing, leaning and 
tilting), second-order effects, and other loads specific to the 
structure, such as drifting snow, self-straining loads, ice, 
and floods. References for potentially dangerous structural 
conditions are Galambos et al. (1982), Ellingwood et al. 
(1982), and Ellingwood and Ang (1972). These references 
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4.3.3 Assessment criteria for potentially hazardous struc-
tural conditions of concrete structures for seismic loads, 
unless addressed by the authority having jurisdiction, are 
limited to potentially harzardous conditions associated with 
Structural Performance Level, Collapse Prevention of struc-
tures in Seismic Design Category D, E, and F of ASCE/SEI 
7 using Earthquake Hazard Level, BSE-1E, and shall be 
determined using ASCE/SEI 41 and this Code. The design-
basis criteria for retrofit design and construction to address 
potentially hazardous seismic conditions in concrete struc-
tures shall be this Code and ASCE/SEI 41.

4.4—Substantial structural damage
4.4.1 Substantial structural damage shall be assessed and 

rehabilitated as referenced in Table 4.1.4.

4.5—Conditions of deterioration, faulty 
construction, or damage less than substantial 
structural damage with strengthening

If a work area of a structure has damage less than substan-
tial structural damage, deterioration, or contains faulty 
construction, and there is a reason for the licensed design 
professional to question the capacity of the member, system, 
or structure of the work area, it shall be assessed by checking 
one of the criteria in sections 4.5.1, 4.5.2, or 4.5.3 as selected 
by the licensed design professional. Sections 4.5.1 through 
4.5.3 shall not be applied in combination with each other.

4.5.1 The demand/capacity ratio of the member, system, or 
structure of the work area shall be evaluated using the orig-
inal building code demand (Uo) with nominal loads, factored 
load combinations, and capacities of the original building 
code to determine if the demand/capacity ratio exceeds 1.0, 
as shown in Eq. (4.5.1).

 Uo/ϕoRcn > 1.0 (4.5.1)

In Eq. (4.5.1), Uo is the strength design demand deter-
mined by using the nominal loads and factored load combi-
nations of the original building code. ϕRcn is the capacity 
adjusted by the reduction factor (ϕo) of the original building 
code.

If Uo/ϕoRcn is greater than 1.0, then strengthening repairs 
are required and shall be permitted to restore the structural 
capacity required by the original building code.

Repair of the existing concrete structure shall be permitted 
to restore a member, system, or structure of the work area to 
the capacity of the original building code based on the mate-
rial properties of the original construction. New concrete 
members and connections to existing construction shall 

provide basic probability theory and concepts for an evalu-
ation using the specific details of the demand as it relates to 
the capacity with the strength reduction factors of Section 
5.3 for new concrete structures.

R4.3.3 Compliance with ASCE/SEI 41 for Structural 
Performance Level, Collapse Prevention using an applicable 
Earthquake Hazard Level, BSE-1E should be reviewed and 
approved by the local authority having jurisdiction for the 
assessment of potentially harzardous seismic conditions of 
concrete structures. Assessment of potentially hazardous 
seismic conditions for concrete structures is not required 
for structures in regions of low or moderate seismicity. If 
no requirements for potentially hazardous seismic structural 
conditions are provided by the local authority having jurisdic-
tion, the licensed design professional should refer to ATC-78, 
the IEBC and ASCE/SEI 41 appendices for guidance.

R4.5—Conditions of deterioration, faulty 
construction, or damage less than substantial 
structural damage with strengthening

R4.5.1 Concrete structures with damage less than substan-
tial structural damage, deterioration, or containing faulty 
construction have historically been restored to the strength 
of the original building code.

The demand/capacity ratio limit of 1.0 as provided in this 
section allows strengthening repair that restores the struc-
tural reliability of the existing structure to the level prior to 
damage and deterioration when that repair is greater than 
that intended in the original building code.

Historical performance is often an acceptable indicator of 
adequate safety if the structure has been subjected to known 
loads even if the demand in the original building code was 
significantly different from the current building code.

If the capacity of the structure is not in question, such as 
indicated by the commentary provisions of R1.7, assessment 
checks are not required.
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comply with provisions of 4.1.5. If Uo/ϕoRcn is 1.0 or less, 
then strengthening repairs are not required.

4.5.2 An alternative assessment criteria shall be permitted 
when approved by authority having jurisdiction using engi-
neering principles for the member, system, or structure of 
the work area of the existing structure.

R4.5.2 An assessment criterion other than the current 
building code or ASCE/SEI 41 may be used. The references 
of R4.3.2 should be considered in the selection of applicable 
assessment criterion. Beyond using the current building 
code, the assessment criteria should address if the demand or 
capacity of the original structure or member is significantly 
inconsistent with current standards resulting in unaccept-
able structural safety. An increase in load intensity; added 
loads; changes in load factors, strength reduction factors, or 
load combinations; modification of analytical procedures; 
or changes in the determined capacity between the original 
and current building code (such as a change from allow-
able stress design [ASD] to strength design) should lead the 
licensed design professional to question the applicability of 
using the original building code for the assessment of an 
existing structure. Engineering principles used to determine 
acceptable structural safety are to use either a probabilistic 
evaluation of loads and capacities to show adequate struc-
tural reliability indices or an evaluation procedure using 
demand/capacity ratios that are derived from the basic engi-
neering principles as presented in current standards.

An assessment criterion for a structure that has damage 
less than substantial structural damage, deterioration, or 
faulty construction that is based on the demand/capacity 
ratio threshold of 1.05 using the original building code or 
1.1 using the current building code is the following:

a) If the current building code demand (Uc) exceeds the 
original building code demand (Uo

*) increased by 5 percent 
(Uc > 1.05Uo

*), check the demand/capacity ratio using the 
current building code demand (Uc) to determine if it exceeds 
1.1, as shown in Eq. (R4.5.2a).

 Uc /ϕRcn > 1.1 (R4.5.2a)

If the demand/capacity ratio exceeds 1.1, then that system 
or member should be strengthened using the current building 
code demand. If the demand/capacity ratio does not exceed 
1.1, then no strengthening is required.

b) If the current building code demand (Uc) does not 
exceed the original building code demand (Uo

*) increased by 
5 percent (Uc ≤ 1.05Uo

*), check the demand/capacity ratio 
using the original building code demand (Uo

*) to determine 
if it exceeds 1.05, as shown in Eq. (R4.5.2b).

 Uo
*/ϕRcn > 1.05 (R4.5.2b)

If the demand/capacity ratio exceeds 1.05, then that system 
or member strength should be restored using the original 
building code demand. If the demand/capacity ratio does not 
exceed 1.05, then strengthening is not required.

In this assessment criterion, the strength reduction factors 
(ϕ) of Section 5.3 or 5.4 shall be applied in both Eq. (R4.5.2a) 
and (R4.5.2b).
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4.5.3 If the concrete design criteria of the original building 
code only used allowable stress design, an alternate to using 
4.5.2 strength design criteria is to evaluate the demand/
capacity ratio of the member, system, or structure of the 
work area based on allowable stress design load combina-
tions for demand (Us) and resistance calculated using allow-
able stresses (Ra) as shown in Eq. (4.5.3).

 Us/Ra > 1.0 (4.5.3)

If the demand/capacity ratio exceeds 1.0, then strength-
ening repairs are required and shall be permitted to restore 
the structural capacity as required by the original building 
code. If the demand/capacity ratio is 1.0 or less, then 
strengthening repairs are not required.

Repair of the existing concrete structure shall be permitted 
to restore a member or system of the work area to the capacity 
of the original building code based on the material proper-
ties of the original construction. New concrete members and 
connections to existing construction are part of the repair 
and shall comply with provisions of 4.1.5.

4.5.4 Existing structures other than those to be strength-
ened per 4.3 through 4.5 shall use 4.6 through 4.9 to deter-
mine the design-basis criteria.

4.6—Conditions of deterioration, faulty 
construction, or damage less than substantial 
structural damage without strengthening

4.6.1 If less-than-substantial structural damage is present, 
structures damaged, deteriorated, or containing faulty 
construction that do not require strengthening in accordance 

The current building code strength design demand (Uc) 
combines current building code nominal gravity loads (dead, 
live, and snow) with lateral loads from fluid, soil, wind, and 
seismic using the factored load combinations of ASCE/
SEI 7. The original building code strength design demand 
(Uo

*) combines original building code nominal gravity loads 
(dead, live, and snow) and lateral loads from fluid, soil, 
wind, and seismic using the factored load combinations of 
ASCE/SEI 7.

It may be appropriate to consider detailing requirements 
for ductility when considering seismic resistance, redistribu-
tion of internal member forces, reduced live loads, measured 
displacements (sagging, listing, leaning, and tilting), second-
order effects, and other loads specific to the work area of the 
structure, such as drifting snow, lateral earth and fluid pres-
sures, self-straining loads, ice, and floods.

The use of structure-specific data is acceptable, if substan-
tiated by the licensed design professional. For these assess-
ment criteria, the demand/capacity ratio provisions in 
R4.5.2a may be used in the assessment, whether the current 
building code demand does or does not exceed the original 
building code demand increased by 5 percent.

R4.5.3 Before the “Building Code Requirements for Rein-
forced Concrete (ACI 318-63)” in 1963, the design of rein-
forced concrete structures was based upon allowable stress 
or working stress design principles. Original building code 
demands should include nominal gravity loads (dead, live, 
and snow) and lateral wind forces or seismic forces using the 
load combinations of original building code. Displacements 
(sagging, listing, leaning, and tilting), second-order effects, 
and other loads specific to the work area of the structure, 
such as drifting snow, lateral earth pressures, self-straining 
loads, ice, and floods should be considered.

Using allowable stress design is inconsistent with the 
reliability principles of current strength design provisions. 
To adequately address current safety levels, consideration 
should be given to verification using strength design provi-
sions of 4.5.2. It may be appropriate to consider detailing 
requirements for ductility when considering seismic 
resistance.

R4.6—Conditions of deterioration, faulty 
construction, or damage less than substantial 
structural damage without strengthening

R4.6.1 Serviceability requirements including deflection 
limits and crack control reinforcement in the current building 
code are not requirements of this code, but should be consid-
ered in the assessment and repair of existing structures.
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with 4.5 shall use Chapters 7 through 10 of this code as the 
design-basis criteria.

4.7—Additions
4.7.1 The existing structure shall be assessed and rehabili-

tated in accordance with structural requirements of the IEBC 
per Table 4.1.4 for Additions.

4.8—Alterations
4.8.1 The existing structure shall be assessed and rehabili-

tated in accordance with structural requirements of the IEBC 
per Table 4.1.4 according to Alteration level 1, 2, or 3.

4.9—Change of occupancy
4.9.1 The existing structure shall be assessed and rehabili-

tated in accordance with structural requirements of the IEBC 
per Table 4.1.4 for changes of occupancy.

R4.8—Alterations
R4.8.1 Alterations in this section exclude the remedial 

work of 4.3 through 4.6.
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CHAPTER 5—LOADS, FACTORED LOAD 
COMBINATIONS, AND STRENGTH REDUCTION 

FACTORS

5.1—General
5.1.1 If this code is part of the design-basis code, the load 

factors, load combinations, and strength reduction factors in 
this chapter shall be used for the assessment of the existing 
structure and the design of rehabilitation.

5.1.2 It shall not be permitted to use load factors and load 
combinations from the original building code with strength 
reduction factors from this chapter. It shall not be permitted to 
use load factors and load combinations from this chapter with 
strength reduction factors from the original building code.

5.1.3 For work areas subjected only to construction 
activity and not subjected to design occupancies, it shall be 
permitted to determine factored loads on only those areas in 
accordance with ASCE/SEI 37.

5.1.4 When assessing an existing structure, consideration 
shall be given to effects caused by loads or imposed defor-
mations that the structure is subjected to, if required by the 
authority having jurisdiction, even if such effects may not 
have been specified in the original building code.

5.2—Load factors and load combinations
5.2.1 Design of rehabilitation shall account for existing 

loads and imposed deformations of the structure; the effects 
of load redistribution due to damage, deterioration, or load 
removal; and the sequencing of load application, including 
construction and shoring loads, during the rehabilitation 
process.

5.2.2 Structural assessment shall consider whether the 
design strengths of members and connections in the work 
area are sufficient to resist the factored load combinations 
required by this Code. In the rehabilitation design, the struc-
tural members and connections shall have design strengths 
at least equal to the required strengths calculated for the 
factored load combinations as required by this Code.

5.2.3 Required strength U shall be at least equal to the 
effects of factored load combinations as specified in the 
design-basis code.

5.2.4 Required strength U shall include internal load 
effects due to reactions induced by prestressing with a load 
factor of 1.0.

R5—LOADS, FACTORED LOAD 
COMBINATIONS, AND STRENGTH REDUCTION 

FACTORS

R5.1—General
R5.1.1 Load factors, load combinations, and strength 

reduction factors are intended to achieve consistent accept-
able levels of safety among all the structural elements in a 
system. They are obtained through rational design code cali-
bration procedures that consider the accuracy of the strength 
prediction models and on the expected loads during the 
design service life of the structure.

R5.1.2 Mixing of load factors and load combinations from 
one code with strength reduction factors from a different 
code may result in an inconsistent level of safety.

R5.1.3 This provision permits the less stringent loads and 
load factors in ASCE/SEI 37 to be applied for areas desig-
nated for construction activity and not subjected to design 
occupancies.

R5.1.4 Examples of such loads include vibration or 
impact loads. Examples of such imposed deformations 
include unequal settlement of supports, sagging, and listing, 
leaning and tilting, and those due to prestressing, shrinkage, 
temperature changes, and creep.

R5.2—Load factors and load combinations 

R5.2.2 The basic requirement for strength design or 
assessment is expressed as:
design strength (for example, capacity) ≥ required strength 

(for example, demand)

 ϕ(Rn) ≥ U

The design strength is the nominal strength multiplied by 
the strength reduction factor ϕ.

R5.2.3 The required strength U is expressed in terms of 
factored loads, which are the product of specified nominal 
loads multiplied by load factors.
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5.2.5 For post-tensioned anchorage zone design or evalu-
ation, a load factor of 1.2 shall be applied to the maximum 
prestressing reinforcement jacking force.

5.3—Strength reduction factors for rehabilitation 
design

5.3.1 Design strength provided by a member, its connec-
tions to other members, and its cross sections, in terms of 
flexure, axial load, shear, and torsion, shall be taken as the 
nominal strength calculated in accordance with requirements 
and assumptions of this code, multiplied by the strength 
reduction factors ϕ in 5.3.2 and 5.3.4.

5.3.2 The strength reduction factor ϕ shall be shown in 
Table 5.3.2.

Table 5.3.2—Maximum strength reduction factors 
for rehabilitation design

Strength Classification
Transverse 

reinforcement ϕ

Flexure, axial, or both

Tension-
controlled* 0.90

Compression-
controlled†

Spirals‡ 0.75

Other 0.65

Shear, torsion, or both 0.75

Interface shear 0.75

Bearing on concrete§ 0.65

Post-tensioned 
anchorage zones 0.85

Struts, ties, nodal zones 
and bearing areas in 
strut-and-tie models

0.75

*Applies when the steel tensile strain at member failure exceeds 2.5εy, where εy is the 
yield strain of the tensile reinforcement.
†Applies when the steel tensile strain at member failure does not exceed εy. For 
sections in which the net tensile strain in the extreme tension steel at nominal strength 
is between the limits for compression-controlled and tension-controlled sections, 
linear interpolations of ϕ shall be permitted.
‡Spirals shall satisfy 10.7.6.3, 20.2.2, and 25.7.3 of ACI 318-14.
§Does not apply to post-tensioned anchorage zones or elements of strut-and-tie models.

5.3.3 Computation of development lengths do not require 
a ϕ-factor.

5.3.4 For flexure, compression, shear, and bearing of 
structural plain concrete, ϕ shall be 0.60.

5.4—Strength reduction factors for assessment
5.4.1 If the required structural element dimensions and 

location of reinforcement are determined in accordance with 

R5.2.5 The load factor of 1.2 applied to the maximum 
tendon jacking force results in a design load that exceeds the 
typical prestressing yield strength. This compares well with 
the maximum attainable jacking force. For jacking loads 
less than the maximum tendon jacking force, or for jacking 
loads applied to nonmetallic prestressing tendons, design of 
the anchorage for 1.2 times the anticipated jacking force is 
appropriate given that the jacking load is controlled better 
than typical dead loads.

R5.3—Strength reduction factors for rehabilitation 
design

R5.3.2 For a steel yield strength of 60 ksi, the steel tensile 
strains corresponding to the tension- and compression-
controlled limits are 0.005 and 0.002, respectively. Because 
the compressive strain in the concrete at nominal strength is 
typically assumed to be 0.003, the net tensile strain limits 
for compression-controlled members may also be stated in 
terms of the ratio c/dt, where c is the depth of the neutral axis 
at nominal strength, and dt is the distance from the extreme 
compression fiber to the centroid of extreme tension rein-
forcement. The c/dt limits for tension- and compression-
controlled sections are 0.375 and 0.6, respectively. The 0.6 
limit for compression-controlled sections applies to sections 
reinforced with Grade 60 steel and to prestressed sections. 
For other grades of steel reinforcement, the term c/dt is a 
function of the yield strain of the steel reinforcement (εy). 
The c/dt ratio is calculated as c/dt = 0.003/(0.003 + εy).

R5.4—Strength reduction factors for assessment
R5.4.1 Strength reduction factors given in 5.4.1 are larger 

than those in 5.3.1. These increased values are justified by the 
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Chapter 6, and material properties are determined in accor-
dance with 6.4, it shall be permitted to increase ϕ from those 
specified in 5.3, but ϕ shall not exceed the values shown in 
Table 5.4.1.

Table 5.4.1—Maximum strength reduction factors 
for assessment

Strength Classification
Transverse 

reinforcement ϕ

Flexure, axial, or both

Tension-
controlled* 1.00

Compression-
controlled†

Spirals‡ 0.90

Other 0.80

Shear, torsion, or both 0.80

Interface shear 0.80

Bearing on concrete§ 0.80

Struts, ties, nodal zones, 
and bearing areas in 
strut-and-tie models

0.80

*Applies when the steel tensile strain at member failure exceeds 2.5εy, where εy is the 
yield strain of the tensile reinforcement.
†Applies when the steel tensile strain at member failure does not exceed εy. For 
sections in which the net tensile strain in the extreme tension steel at nominal strength 
is between the limits for compression-controlled and tension-controlled sections, 
linear interpolations of ϕ shall be permitted.
‡Spirals shall satisfy 10.7.6.3, 20.2.2, and 25.7.3 of ACI 318-14.
§Does not apply to post-tensioned anchorage zones or elements of strut-and-tie models.

5.4.2 If an evaluation of members is based on historical 
material properties as given in Tables 6.3.2a through 6.3.2c, 
the ϕ-factors not exceeding those in 5.3 shall apply.

5.4.3 For flexure, compression, shear, and bearing of 
structural plain concrete, ϕ shall be 0.60.

5.5—Additional load combinations for structures 
rehabilitated with external reinforcing systems

5.5.1 For rehabilitation achieved with external reinforcing 
systems that are susceptible to damage by vandalism or 
impact, the required strength of the structure without reha-
bilitation shall equal or exceed the effects of the load combi-
nations specified in 5.5.2. The performance of externally 
reinforced elements subjected to fire shall be evaluated using 
the load combinations specified in 5.5.3.

improved reliability due to the use of accurate field-obtained 
material properties, and actual in-place dimensions. They 
have been deemed appropriate for use in ACI 318 and have 
had a lengthy history of satisfactory performance.

R5.4.3 The resistance factor for assessment of plain 
concrete is the same as that specified for design in 5.3.4. 
Material properties for plain concrete determined in accor-
dance with 6.3.5 may increase its nominal resistance, but the 
strength reduction factor remains unchanged because plain 
concrete failures are usually brittle.

R5.5—Additional load combinations for structures 
rehabilitated with external reinforcing systems

R5.5.1 The additional load combinations specified in 
this section are intended to ensure adequate strength should 
the external reinforcing system be sufficiently damaged to 
become ineffective. External reinforcing systems should be 
evaluated to determine if they are susceptible to damage 
from accidental vehicular impact or vandalism. Alternately, 
the rehabilitation measures may include physical design 
features that protect the external reinforcing system from 
these types of damage. The requirements of this section are 
not intended for the assessment of the effect of blast load-
ings, blast effects or a generalized assessment of extraordi-
nary events on structures.

The requirements of this section are not intended for the 
design of structures that are exposed to elevated tempera-
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5.5.2 For external reinforcing systems susceptible to 
damage, the required strength of the structure without such 
external reinforcement shall satisfy Eq. (5.5.2a) and (5.5.2b)

 ϕRn ≥ 1.1D + 0.5L + 0.2S (5.5.2a)

 ϕRn ≥ 1.1D + 0.75L (5.5.2b)

where D, L and S are the effects due to the dead, live, and 
snow loads, respectively, calculated for the rehabilitated 
structure; ϕ is the strength reduction factor in 5.3 or 5.4, as 
applicable; and Rn is the nominal strength of the structural 
member computed using the material properties determined 
from Chapter 6, without the contribution of the external rein-
forcing system.

5.5.2.1 If the live load has a high likelihood of being a 
sustained load, the live load factor in Eq. (5.5.2a) and 
(5.5.2b) shall be increased to 1.0.

5.5.3 Structural members with external reinforcement 
shall satisfy Eq. (5.5.3)

 ϕexR ≥ (0.9 or 1.2)D + 0.5L + 0.2S (5.5.3)

where ϕex = 1.0; R is the nominal resistance of the struc-
tural member, computed using the probable material proper-
ties during the fire event and considering the contribution of 
external reinforcement in accordance with Section 5.5.3.3; 
and S is the specified snow load. The dead load factor of 0.9 
shall be applied when the dead load effect counteracts the 
total load effect.

5.5.3.1 Additional live loads incurred during a fire shall be 
considered, with a load factor of 1.0.

5.5.3.2 Internal forces and imposed deformations due to 
thermal expansion during the fire event shall be considered, 
with a load factor of 1.0, in determining the demands on the 
structural system.

tures during routine service, such as manufacturing facilities 
and other industrial environments. Refer to Section 7.9.4.

R5.5.2 These load combinations are intended to minimize 
the risk of failure of the strengthened structural member 
in the case where, during normal operating conditions, the 
external reinforcement is damaged. Such damage may not 
be detected immediately and so the structure (or structural 
component) may remain in service until the damage is iden-
tified and addressed. The load factors for live and snow 
loads in Eq. (5.5.2a) correspond to the arbitrary point-in-
time loadings specified in ASCE/SEI 7. Equation (5.5.2b) is 
compatible with ACI 440.2R.

R5.5.2.1 Examples include library stack areas, heavy 
storage areas, warehouses, and other storage occupancies 
with a live load exceeding 100 lb/ft2.

R5.5.3 Equation (5.5.3) is intended to ensure that the 
repaired element will maintain sufficient strength, accounting 
for its probable reduced material properties due to elevated 
temperatures, during a fire event. If fire protection is applied 
to the repaired element, its effect on the external reinforce-
ment and existing elements should be considered.

The design-basis code and ACI 216.1 should be reviewed 
to determine the required duration of the fire event.

Equation (5.5.3) was developed from Eq. (2.5.1) of 
ASCE/SEI 7-10 and is limited to the evaluation of fire 
effects on structures with external reinforcement. Guidance 
on computing the structural effects caused by the fire event 
is provided in 5.5.3.1 and R5.5.3.1.

Strength of the affected portion of the structure during 
a fire event should be based on reduced steel and concrete 
strengths. Guidance concerning probable material properties 
during a fire event may be obtained from ACI 216.1.

R5.5.3.1 Live loads associated with firefighting opera-
tions may include wetting of the building contents, which 
can be idealized as a live load of 20 lb/ft2.

R5.5.3.2 Thermal expansion of a member during a fire 
event will generate internal thrust forces if that expansion 
is restrained. The generated thrust force, while potentially 
large, is considerably less than that computed using conven-
tional elastic properties and thermal expansion coefficients. 
This thrust may increase the moment capacity and the corre-
sponding fire endurance of the restrained member.

Procedures for calculating thermal induced thrust forces 
can be found in NIST (2010) and Buchanan (2001). PCI 
(2010) provides methods for determining (a) the magnitude 
and location of the thrust generated by a given fire tempera-
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ture and duration, and (b) the increase in moment capacity 
caused by a known thrust force.

R5.5.3.3 Section 7.9 gives member strength requirements 
for protected and unprotected external reinforcing systems 
subjected to elevated temperatures during a fire event.

R5.5.3.4 Refer to R5.5.2.1.

5.5.3.3 Any contribution of external reinforcement that is 
not protected using a fireproofing system shall be neglected 
during a fire event. The contribution of any adhesively 
bonded external reinforcement to the strength of a member 
during a fire shall be ignored.

5.5.3.4 When the live load acting on the member to be 
strengthened has a high likelihood of being a sustained load, 
a live load factor of 1.0 shall be used in Eq. (5.5.3).
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CHAPTER 6—ASSESSMENT, EVALUATION, AND 
ANALYSIS

6.1—Structural assessment
6.1.1 A structural assessment shall be performed if 

required per 1.7.5. The structural assessment shall comprise 
1) an investigation to establish the in-place condition of the 
structure in the work area, including environment, geom-
etry, material strengths, reinforcing-steel sizes and place-
ment, and signs of distress; 2) an evaluation to define the 
causes of distress and criteria for selection of rehabilitation 
solution(s); and 3) development of appropriate rehabilitation 
strategies.

6.2—Investigation and structural evaluation
6.2.1 An investigation and structural evaluation shall be 

performed when there is a reason to question the capacity of 
the structure in the work area and insufficient information is 
available to determine if an existing structure is capable of 
resisting design demands.

6.2.2 Where repairs are required to an individual member 
or connection in a structure, determine if similar conditions 
exist beyond the work area also require evaluation.

6.2.3 An investigation shall document conditions as neces-
sary to perform an evaluation of the structure in the work area.

R6—ASSESSMENT, EVALUATION, AND 
ANALYSIS

R6.1—Structural assessment
R6.1.1 Field investigations in support of the structural 

assessment may include visual observations, destructive 
testing, and nondestructive testing (NDT). Areas of known 
deterioration and distress in the structural members should 
be identified, inspected, and recorded as to the type, loca-
tion, and degree of severity. Investigation procedures are 
referenced in ACI 201.1R, ACI 228.1R, ACI 228.2R, ACI 
364.1R, ACI 437R, ASCE/SEI 11, ASCE/SEI 41, and 
FEMA P-154. The affected structural members are not only 
members with obvious signs of distress but also contiguous 
members and connections in the structural system.

The data gathered to determine the existing capacity 
should include the following:

(1) The effects of material deterioration, such as loss of 
concrete strength from chemical attack; freezing and thawing

(2) Loss of steel area due to corrosion or other causes
(3) Missing or misplaced reinforcement
(4) Effects of damaging events, such earthquakes or fire
The effect of deterioration on the ductility of the member 

should be considered in the evaluation. The strength or 
serviceability of a member or structure may be compromised 
by spalling, excessive cracking, large deflections, or other 
forms of damage or deterioration. Seismic evaluation refer-
ences for undamaged buildings include FEMA P-58, FEMA 
P-154 and ASCE/SEI 41 and for damaged buildings include 
FEMA 306 and FEMA 307.

Where the as-built conditions and properties of historical 
buildings require evaluation and rehabilitation, care should 
be taken to minimize the impact of repair design and inves-
tigation procedures (U.S. Department of the Interior 1995).

R6.2—Investigation and structural evaluation

R6.2.2 If there is no evidence of damage, distress or dete-
rioration of similar members or connections elsewhere in the 
work area that required repair, there is no need to perform an 
evaluation of similar members unless potentially dangerous 
conditions are present. Such conditions may be a concern if 
there are significant variances from the original design intent 
such as lower-strength concrete or insufficient reinforce-
ment. In addition, if the similar members are in an environ-
ment that could foster deterioration, then evaluation of these 
members may be necessary to determine if strengthening or 
durability enhancements may be required.

R6.2.3 Conditions which may need to be documented 
include (a) through (g):
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6.2.4 When an analysis is required, the analysis shall be 
performed in accordance with Section 6.5 and the structural 
evaluation shall consider the following items.

(a) As-measured structural member dimensions including 
the reinforcement configuration

(b) The presence and effect of alterations to the structural 
system

(c) Loads, occupancy, or usage different from the original 
design

(d) In-place material properties in accordance with 6.3

6.3—Material properties
6.3.1 Concrete compressive strength and steel reinforce-

ment yield strength shall be determined for the structure if 
a structural evaluation is required. Nominal material proper-
ties shall be determined by (a), (b) or (c):

(a) Available drawings, specifications, and previous 
testing documentation

(b) Historical material properties in accordance with 6.3.2
(c) Physical testing in accordance with 6.4

(a) The physical condition of the structural members to 
examine the extent and location of deterioration or distress

(b) The adequacy of continuous load paths through the 
primary and secondary structural members to provide for 
life safety and structural integrity

(c) As-built information required to determine appropriate 
strength reduction factors in accordance with Chapter 5

(d) Structural members’ orientation, displacements, 
construction deviations, and physical dimensions

(e) Properties of materials and components from available 
drawings, specifications, and other documents; or by testing 
of existing materials

(f) Additional considerations, such as proximity to adja-
cent buildings, load-bearing partition walls, and other limi-
tations for rehabilitation

(g) Information needed to assess lateral-force-resisting 
systems, span lengths, support conditions, building use and 
type, and architectural features

The construction documents may not represent as-built 
conditions. Therefore, the licensed design professional is 
encouraged to research and verify that the material proper-
ties obtained from record documents are accurate. Material 
testing may be required to verify these values.

R6.2.4 The size, number, and location of the reinforcement 
may be needed to determine member strength. Nondestruc-
tive testing methods, including but not limited to ground-
penetrating radar (GPR) and ferromagnetic testing, may be 
used to determine the location and spacing of reinforcement. 
These methods may require destructive confirmation. Addi-
tional guidance is provided in ACI 228.2R.

R6.3—Material properties
R6.3.1 The construction documents may not represent 

as-built conditions. Therefore, the evaluation of material 
properties may require verification by material testing to 
confirm that the material properties obtained from record 
documents are representative.

Additional factors and characteristics affecting materials 
that may be required to be evaluated include:

(a) Ductility based on the mechanical characteristics of the 
component materials.

(b) Presence of corrosion of embedded steel reinforce-
ment, including carbonation, chloride intrusion, corrosion-
induced spalling

(c) Presence of other deterioration, such as alkali-silica 
reaction, sulfate attack, delayed ettringite formation, or other 
chemical attack

(d) Deterioration due to cyclic freezing and thawing
(e) Deterioration of stiffness and strength due to bar slip in 

cracked sections and joints damaged in seismic events
Other tests for material properties, including petrographic 

examination, are used.
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6.3.2 If available drawings, specifications, or other docu-
ments do not provide sufficient information to characterize 
the material properties, it shall be permitted to determine 
such properties without physical testing from the historical 
data provided in Tables 6.3.2a through 6.3.2c.

Table 6.3.2a—Default compressive strength of 
structural concrete, psi

Time 
frame Footings Beams Slabs Columns Walls

1900-1919 1000 2000 1500 1500 1000

1920-1949 1500 2000 2000 2000 2000

1950-1969 2500 3000 3000 3000 2500

1970-
present 3000 3000 3000 3000 3000

Note: Adopted from ASCE/SEI 41.

The choice of tests depends on the structure, member 
type(s), and distress mechanism.

R6.3.2 Material properties required for seismic evalua-
tion and rehabilitation are discussed in ASCE/SEI 41. The 
required material properties may include necessary physical 
and chemical properties of the concrete and reinforcement, 
and should include the required references to ASTM stan-
dards and other methods of determining physical and chem-
ical properties.

Table 6.3.2b—Default tensile and yield strength properties for steel reinforcing bars for various periods*
Structural† Intermediate† Hard†

Grade 33 40 50 60 65 70 75

Minimum yield, psi 33,000 40,000 50,000 60,000 65,000 70,000 75,000

Year Minimum tensile, psi 55,000 70,000 80,000 90,000 75,000 80,000 100,000

1911-1959 X X X — X — —

1959-1966 X X X X X X X

1966-1972 — X X X X X —

1972-1974 — X X X X X —

1974-1987 — X X X X X —

1987-Present — X X X X X —

Note: Adopted from ASCE/SEI 41.
*An entry of “X” indicates the grade was available in those years.
†The terms “structural,” “intermediate,” and “hard” became obsolete in 1968. Hard grade does not correspond to metallurgical hardness.
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6.3.3 It shall be permitted to determine material properties 
through testing in accordance with 6.4.

6.3.4 The material properties provided in the original 
construction documents or material test reports shall be 
permitted to be used unless known deterioration that can 
affect performance has occurred.

6.3.5 If historic data are not given in either Table 6.3.2b or 
6.3.2c, the historic default value for yield strength fy shall be 
taken as 33,000 psi.

6.4—Test methods to quantify material and 
member properties

6.4.1 General

6.4.1.1 Destructive and nondestructive test methods used 
to obtain in-place mechanical properties of materials and 
member properties shall be in accordance with this section. 
Compressive strength of sound concrete shall be determined 

R6.3.4 If the results of material testing from original 
construction are available, these results may be used in the 
analysis. Additional testing could be required to confirm 
these material test results if deterioration has occurred.

R6.3.5 Additional guidance regarding the use of the 
historic lower bound default value is given in R6.4.4.1.

R6.4—Test methods to quantify material and 
member properties

R6.4.1 General

Table 6.3.2c—Default tensile and yield strength properties of steel reinforcement for various ASTM 
specifications and periods*

Structural† Intermediate† Hard †

Grade 33 40 50 60 65 70 75

Minimum yield, psi 33,000 40,000 50,000 60,000 65,000 70,000 75,000

ASTM 
designation‡ Steel type Year range Minimum tensile, psi 55,000 70,000 80,000 90,000 75,000 80,000 100,000

A15 Billet 1911-1966 X X X — —

A16 Rail§ 1913-1966 — — X — —

A61 Rail 1963-1966 — — — X —

A160 Axle 1936-1964 X X X — —

A160 Axle 1965-1966 X X X X —

A185 WWF 1936-present — — — — X

A408 Billet 1957-1966 X X X — —

A431 Billet 1959-1966 — — — — — X

A432 Billet 1959-1966 — — — X — —

A497 WWF 1964-present — — — — — X —

A615 Billet 1968-1972 — X — — — X

A615 Billet 1974-1986 — X — X — —

A615 Billet 1987-present — X — X — X

A616-96|| Rail 1968-present — — — X — —

A617 Axle 1968-present — X — — — —

A706# Low-alloy 1974-present — — — X — X —

A955 Stainless 1996-present — X — X — X
Note: Adopted from ASCE/SEI 41.
*An entry of “X” indicates the grade was available in those years.
†The terms structural, intermediate, and hard became obsolete in 1968. Hard grade does not correspond to metallurgical hardness.
‡ASTM steel is marked with the letter W.
§Rail bars are marked with the letter R.
||Bars marked with “s!” (ASTM A616-96) have supplementary requirements for bend tests.
#ASTM A706 has a minimum tensile strength of 80 ksi, but not less than 1.25 times the actual yield strength.
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by taking and testing core samples or by a combination of 
cores and by the use of site specific nondestructive testing. 
Steel reinforcement properties shall be determined by 
removal of reinforcement samples and destructive testing.

6.4.1.2 The locations and numbers of material samples 
shall be sufficient to define the material properties of the 
structural element of concern. The number of samples shall 
be determined during evaluation.

6.4.2 Core sampling of concrete for testing

6.4.2.1 It shall be permitted to determine the compressive 
strength of sound concrete by taking cores from the members 
being evaluated. Steel reinforcement shall be located before 
locating the cores to be extracted.

6.4.3 Concrete

6.4.3.1 The cores shall be selected, removed, and tested in 
accordance with ASTM C42 and ASTM C823. The equiva-
lent specified concrete strength fceq shall be calculated by:

 

2( )
0.9 1 1.28 0.0015c

ceq c
k V

f f
n

 
= − + 

  
 (6.4.3.1)

where fc̄ is the average core strength, as modified to account 
for the diameter, length to diameter ratio and moisture condi-
tion of the core (following ASTM C42 procedures); V is the 
coefficient of variation of the core strengths (a dimension-
less quantity equal to the sample standard deviation divided 

R6.4.1.2 Review of available records from the original 
construction may be used to guide testing. Evaluation, 
historical research, and documentation of the geometry, 
material properties, and detailing used in the construction 
are invaluable and may be used to reduce the amount of 
required in-place testing. The data gathered to determine 
strength should include any effects of material deterioration, 
such as loss of concrete strength from chemical attack and 
loss of steel area due to corrosion. The impact of deteriora-
tion on the expected strength and ductility of the section also 
should be considered in the evaluation.

The minimum number of tests is influenced by the data 
available from the original construction, the type of structural 
system, the desired accuracy, and the quality and condition 
of the in-place materials. The focus of the prescribed mate-
rial testing should be on the principal structural members and 
specific properties needed for analysis. The licensed design 
professional should determine the appropriate number and 
type of testing needed to evaluate the existing conditions.

Care should be taken in selecting the location for sampling 
concrete. Core drilling should minimize damage of the 
existing reinforcement and should generally occur at loca-
tions where the coring will least affect the member strength.

R6.4.2 Core sampling of concrete for testing

R6.4.2.1 NDT may be used to locate existing reinforce-
ment and to avoid damage to reinforcement during coring. 
Guidelines for core sampling and evaluating core strength 
data are given in ACI 214.4R. The presence of reinforce-
ment or other foreign material, such as conduit or wood, 
may adversely affect the test strength of the concrete and 
cores containing such foreign material should not be used 
for strength determination. See ASTM C42/C42M Section 
5.1.3 and Note 8 for additional information.

R6.4.3 Concrete

R6.4.3.1 The equivalent specified strength determined 
using this procedure can be used in strength equations with 
the strength reduction factors from Chapter 5. This approach 
is specified in the Canadian Highway Bridge Design Code 
(CAN/CSA S6-14) and is based on the approach proposed 
by Bartlett and MacGregor (1995). Equation (6.4.3.1) is 
a simplification of criteria given in ACI 214.4R that gives 
similar results because it includes the strength correction 
factors for length-to-diameter ratio, core diameter, and 
drilling damage. The strength value obtained using this 
procedure is an estimate of the 13 percent fractile of the 
in-place concrete strength at a confidence interval of 90 
percent, based on the field data collected by Bartlett and 
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by the mean); n is the number of cores taken; and kc is the 
coefficient of variation modification factor, as obtained from 
Table 6.4.3.1.

Table 6.4.3.1—Concrete coefficient of variation 
modification factor kc

n kc

2 2.4

3 1.47

4 1.28

5 1.20

6 1.15

8 1.10

10 1.08

12 1.06

16 1.05

20 1.03

25 or more 1.02

6.4.3.2 Nondestructive strength testing to evaluate in-place 
strength of concrete shall be permitted if a valid correlation 
is established with core sample compressive strength test 
results and nondestructive test results. Quantifications of 
concrete compressive strength by NDT alone shall not be 
permitted as a substitute for core sampling and testing.

6.4.4 Steel reinforcement

6.4.4.1 If the original construction documents are not 
available and if the properties of the reinforcing bars are 
unknown, historical values provided in 6.3.2b and 6.3.2c 
shall be permitted in place of testing. If the grade of material 
is unknown, the lowest grade provided in Table 6.3.2b for a 
given historic period shall be used.

6.4.5 Reinforcement sampling and testing

6.4.5.1 Coupon samples used for the determination of the 
yield and tensile strength for steel reinforcement shall be 
obtained in accordance with ASTM A370. A minimum of three 
sample coupons, taken from different segments of reinforce-
ment shall be obtained from the members being evaluated.

MacGregor (1995). When a different strength fractile or 
confidence interval is required, the methods presented in 
ACI 214.4R may be applicable.

The core samples, tested per ASTM C42/42M, are expected 
to be moisture conditioned following the procedure in the 
ASTM standard. The correction factors in ASTM C42/42M 
were developed for lightweight and normal weight concrete 
with a compressive strength between 2,000 and 6,000 psi 
(14 MPa to 42 MPa). Core samples are assumed to have 
a maximum length-to-diameter ratio of 2.1. Bartlett and 
MacGregor (1994a) discuss the effect of higher compressive 
strengths on the length-to-diameter ratio.

ASTM C42/42M procedures require a minimum core 
diameter of 3.70 in. (94 mm), smaller diameter cores are 
likely to have more variability and a lower strength (Bartlett 
and MacGregor 1994b).

When the testing requirements of ASTM C42/42M are not 
met, the user should consult ACI 214.4R.

R6.4.3.2 ACI 228.1R provides information on NDT 
methods for evaluation of concrete compressive strength 
and development of statistical correlations between NDT 
and core test results.

R6.4.4 Steel reinforcement

R6.4.4.1 The age of the structure may be known but the 
grade of reinforcement may not be known. In this case, the 
lowest grade of reinforcement corresponding to the struc-
ture’s age should be used. If the date of original construc-
tion is unknown, the lower bound value of fy equal to 33,000 
psi may be used instead of testing, provided it is conserva-
tive. In some instances, assuming higher yield strengths may 
be more conservative. Where the demand on one member 
is governed by the capacity of a connected member, it is 
appropriate to assign higher yield strengths to the connected 
member. For example, in seismic analysis at beam column 
joints, the moment strength of the columns should exceed 
the moment strength of the beams. When assessing this 
requirement it is more conservative to assume a higher yield 
strength for the beam reinforcement than for the column 
reinforcement.

R6.4.5 Reinforcement sampling and testing

R6.4.5.1 Often, the steel reinforcement in a structure is of 
a common grade and strength. Occasionally, more than one 
grade of steel is used, for example, smaller diameter (No. 3 
and 4) stirrups and other complex bent bars were often fabri-
cated with lower strength material than the longitudinal bars.
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6.4.6 The equivalent specified yield strength fyeq of rein-
forcement used for analysis shall be calculated by

 fyeq = (fȳ – 3500)e(–1.3ksV) (6.4.6)

where fȳ is the average yield strength value from the tests, in 
psi; V is the coefficient of variation determined from testing; 
n is the number of strength tests; and ks is the steel coeffi-
cient of variation modification factor, as obtained from Table 
6.4.6.

Table 6.4.6—Steel coefficient of variation 
modification factor ks

n ks

3 3.46

4 2.34

5 1.92

6 1.69

8 1.45

10 1.32

12 1.24

16 1.14

20 1.08

25 1.03

30 or more 1.00

6.4.7 If the properties of the connector steel are unknown, 
strength shall be determined by (a), (b), or (c):

(a) Testing of coupons taken from the connector steel.
(b) Documentation giving connector steel properties in the 

original construction documents.
(c) Use of historic default values in accordance with 6.3.6.

6.4.8 Coupon specimens for the determination of yield 
and tensile strengths of structural steel shall be tested in 
accordance with ASTM A370. A minimum of three speci-
mens shall be taken from representative elements.

The equivalent specified yield strength fyeq of each spec-
imen shall be its reported yield strength. The fyeq used for 
analysis shall be calculated by

 fyeq = ( fȳ – 4000)e(–1.3ksV) (6.4.8)

CRSI (2014): “Vintage Reinforcement in Concrete Struc-
tures,” contains supplemental information on mechanical prop-
erties of the reinforcement used in different construction eras.

Steel reinforcement information includes square, rect-
angular, and round bars with and without deformations, 
prestressing wire, bars, multi-wire strands, and structural 
shapes. Historically, wire rope and chain have also been 
used as reinforcement.

R6.4.6 The equivalent specified yield strength deter-
mined using this procedure can be used in strength equa-
tions with the strength reduction factors from Chapter 5. 
The yield strength value obtained using this procedure is an 
estimate of the 10 percent fractile of the static steel strength. 
It is assumed that the yield strength measured during a 
coupon test exceeds the static yield strength by 3500 psi. 
This approach is specified in the Canadian Highway Bridge 
Design Code (CAN/CSA S6-14).

The factors in Table 6.4.6 reflect the uncertainty of the 
sample standard deviation for a small sample size. They are 
the 95 percent one-sided tolerance limits on the 10 percent 
fractile, and they have been reduced by a constant factor to 
be equal to 1.0 for n = 30 specimens.

R6.4.7 The historic default value is obtained from ASCE/
SEI 41.
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where fȳ is the average yield strength value from tests, in psi; 
V is the coefficient of variation determined from testing; n is 
the number of strength tests; and ks is the steel coefficient of 
variation modification factor, as obtained from Table 6.4.6.

6.4.9 The sampling of prestressing steel reinforcement for 
strength testing shall be required if strength and historical 
data are not available. Testing of the prestressing reinforce-
ment shall be in accordance with ASTM A1061/1061M.

6.4.10 If welding of existing reinforcement is required, 
carbon equivalent shall be determined in accordance with 
AWS D1.4/D1.4M.

6.5—Structural analysis of existing structures
6.5.1 The gravity and lateral-force-resisting structural 

systems shall be analyzed when required using loads and 
load combinations determined in accordance with this code 
that produce the maximum effects on the existing members 
being evaluated.

6.5.2 Analysis of the structure shall use accepted engi-
neering principles that satisfy force equilibrium and the prin-
ciples of compatibility of deformations and strains.

6.5.3 Analysis shall consider material properties, member 
geometry and deformation, lateral drift, duration of loads, 
shrinkage and creep, and interaction with the supporting 
foundation.

6.5.4 Members shall be analyzed considering the effect of 
material deterioration, bond loss, and the redistribution of 
forces in members and in the structural system as a whole.

6.5.5 Analysis shall consider the load path from the load 
application through the structure to the foundation. Three-
dimensional distribution of loads and forces in the complete 
structural system shall be considered unless a two-dimen-

R6.5—Structural analysis of existing structures
R6.5.1 Structural evaluation and analyses are conducted 

to verify strength and serviceability. The analytical methods 
of 6.5 are used with factored loads to determine strength 
requirements for a combination of flexure, shear, torsion, 
and axial loads of pertinent structural members. A service-
load analysis may be required to evaluate serviceability 
issues such as deflection and cracking.

R6.5.3 The licensed design professional is responsible 
for determining the appropriate method of analysis. Appro-
priate methods include linear elastic analysis, nonlinear 
analysis, and other traditionally accepted engineering anal-
ysis methods. If a linear elastic analysis method is used, the 
effects of cracking, second-order and other nonlinear effects 
should be included in the analysis.

The analysis may include the effects of the size and member 
geometry to determine the forces on individual members of 
a structure. The analysis should consider external effects, 
including prestressing, material volume changes, tempera-
ture variations, and differential foundation movement.

R6.5.4 Member deterioration and damage may result in 
distribution of internal forces different than the distribution of 
forces of the original structural design. The strength and integ-
rity of prestressed structures with damaged prestressing rein-
forcement requires careful consideration to assess the impact 
of the damage. The state of the structure should be accurately 
modeled to determine the distribution of forces. Redistribu-
tion of forces may be determined using material nonlinear 
analysis, by load tests described in ACI 437.2, or by linear 
analysis, which bounds the limits of redistributed forces.

R6.5.5 The evaluation of load effects requires consider-
ation of both the load paths through the structure and how 
the forces are distributed in members.
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sional analysis adequately represents the part of the structure 
being evaluated.

6.5.6 Analysis shall consider the effects of previous repairs 
and of any previous structural modifications on the behavior 
of the structure.

6.5.7 The analysis shall be based on available documen-
tation, as-built dimensions, and the in-place properties of 
the structure including section loss. The determination of 
in-place material properties shall be in accordance with 6.3.

6.6—Structural serviceability
6.6.1 If serviceability problems are identified during the 

preliminary evaluation or the structural assessment, the 
licensed design professional shall perform a serviceability 
evaluation based on the existing geometry and properties of 
the structure.

6.6.2 The serviceability evaluation shall evaluate the 
structure for the intended use considering the existing geom-
etry and properties of the structure, and shall consider such 
effects as existing floor levelness, support displacements, 
vibrations, and deflections.

6.7—Structural analysis for repair design
6.7.1 The structural analysis used for repair design shall 

consider the structural repair process. The analysis shall 
consider the effects of the sequence of load application and 
material removal during the anticipated phases of the evalu-
ation and repair process.

R6.5.6 Modifications to structures in the form of repairs, 
alterations, or additions may affect the force distribution and 
load path in a structure.

R6.5.7 Available documentation may include original 
drawings, specifications, shop drawings, structural assess-
ments, testing, and geotechnical reports. Deviations between 
the existing construction and construction documents are to 
be identified and recorded. If section loss has occurred, a 
more accurate analysis may be developed by direct measure-
ment of the section, and by calculation of section properties 
based on actual conditions. Additional information may be 
obtained in ACI 364.10T.

R6.6—Structural serviceability
R6.6.1 Structural serviceability problems may include 

deflections, floor levelness, vibrations, leakage, or cracking. 
The data gathered to determine serviceability should include 
the effects of material deterioration, such as loss of concrete 
strength from sulfate attack or loss of steel area due to corro-
sion. Reference ACI 224.1R for additional information on 
cracking, including causation and repair.

R6.6.2 When specific concerns are raised regarding the 
serviceability of the structure, the effect of floor levelness, 
vibrations, and deflections on the structural performance 
should be investigated by the licensed design professional. 
The floor levelness, vibrations, and deflections should indi-
cate (or be assessed to determine) if the performance of the 
structure is acceptable. Acceptable performance criteria will 
need to be established for an individual structure based upon 
the intended use of the structure.

The specific performance criteria and the intended func-
tion of the structure should be considered. Floor deflection 
criteria for new structures can be found in ACI 318. Vibra-
tion criteria are given in Fanella and Mota (2014).

Information on construction tolerances for new concrete 
construction is presented in ACI 117.1R; however, some 
of the tolerances only apply to measurement made during 
construction and therefore may not be appropriate to be used 
for existing completed construction. Refer to ATC Design 
Guide 1 (1999), Fanella and Mota (2014), and Wilford and 
Young (2006) for information on evaluation of vibration 
problems in concrete structures.

R6.7—Structural analysis for repair design
R6.7.1 The construction process may involve the appli-

cation, removal and replacement of loads. The analysis 
needs to consider the effects of the application and removal 
of construction loads to determine the maximum loading 
during anticipated construction phases. The additional 
applied loads may be due to prestressing, vibration, material 
volume changes (such as creep and shrinkage, or tempera-
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6.7.2 Structural analysis shall account for variations in 
material properties through member sections.

6.7.3 Section analysis shall use principles of mechanics 
and shall assume either (a), (b), or (c) as deemed appropriate 
by the licensed design professional:

(a) Full composite action with no slip at interfaces between 
repair materials and existing materials

(b) Separate action with full slip between repair and 
existing materials

(c) Partial composite action with friction at interfaces 
between repair and existing materials

6.7.4 Seismic analysis of repaired structure

6.7.4.1 The interaction of structural members and nonstruc-
tural components that affect the response of the structure to 
seismic motions shall be considered in the analysis.

6.7.4.2 Existing, repaired, and added supplementary 
members assumed not to be a part of the seismic-force-
resisting system shall be permitted, provided there is no 
adverse effect on the seismic-force-resisting system.

6.7.4.3 The analysis shall consider the structural configu-
ration and material properties after repair.

6.8—Strength evaluation by load testing
6.8.1 Load testing in accordance with ACI 437.2 shall be 

permitted to supplement an analysis or to demonstrate the 
strength of the original or repaired structure.

ture changes), effect of shoring, and unequal deformation of 
supports.

R6.7.2 The intent of this section is to address differences 
in stiffness between repair material and existing substrate. 
In these situations, localized deformation may occur in the 
material with the lower modulus of elasticity, affecting the 
force distribution in the repaired structure.

R6.7.3 Depending on the repair construction process and 
the selection of repair materials, the repair materials and 
the existing concrete or reinforcement may not act compos-
itely. The analysis should model the anticipated degree of 
composite action of the repaired structure. An example of 
partial composite behavior are beams that contain shear 
studs to develop nominal strength, yet lack bond between 
the overlay and substrate. In this situation, the overlay and 
substrate do not maintain strain compatibility.

R6.7.4 Seismic analysis of repaired structure

R6.7.4.3 Procedures for seismic rehabilitation of concrete 
buildings, including analysis, are provided in ASCE/SEI 41, 
which incorporates ACI 369R. These references provide 
details for forces, rehabilitation methods, analysis and 
modeling procedures, and seismic rehabilitation design. 
Additional references for repair of building damage by 
a seismic event and rehabilitation of concrete buildings 
include FEMA 308, FEMA 395 through FEMA 400, and 
FEMA 547.

R6.8—Strength evaluation by load testing
R6.8.1 Information obtained during a structural assess-

ment may be insufficient to determine the strength or service-
ability of deteriorated or repaired structural members. Struc-
tural condition assessments, including destructive testing, 
can provide some of the information required, but the costs 
for these assessments can be significant. Further, the results 
of a structural evaluation may still be inconclusive due to 
unknown effects of existing conditions or interaction with the 
repair. In such cases, load testing may provide the most effec-
tive means of verifying the strength of a structure or member. 
Load testing can also be a valuable tool for evaluating the 
effectiveness of structural repairs. For example, load testing, 
as defined in ACI 437.2, can be performed to determine if the 
service load deflection and cracking are acceptable.
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6.8.2 Load tests shall be conducted in accordance with the 
monotonic or cyclic procedures in ACI 437.2.

6.8.3 The design professional is permitted to waive the 
ℓt/180 deflection criteria in ACI 437.2.

6.8.4 If a member fails a cyclic load test, it shall be 
permitted to retest the member or structure in accordance 
with ACI 437.2. It shall be permitted to waive the maximum 
deflection limit (ℓt/180) in ACI 437.2 that precludes a retest.

6.8.5 Model analysis shall be permitted to supplement 
calculations.

R6.8.2 If the strength of the structure being evaluated is 
limited by the strength of concrete, or the expected failure 
of the structure is controlled by shear or development of the 
reinforcement, the sustained load applied using the mono-
tonic test allows greater time for widening and propagation 
of cracks, creep, and slip of reinforcement compared with 
the cyclic procedure.

R6.8.3 The ℓt/180 deflection limit was included to provide 
an upper limit on the deflection of a member during a load 
test. The deflection limit may be waived by the design 
professional when the tested member is not damaged by 
large deflections or when the residual deflection criteria is 
satisfied.

R6.8.4 ACI 437.2 precludes a retest if the member exceeds 
a maximum deflection limit of ℓt/180 (Section 6.4.4.2 in ACI 
437.2). For consistency with the monotonic testing protocol, 
this ℓt/180 limit is waived.

R6.8.5 This code permits model analysis to be used to 
supplement structural analysis and design calculations. 
Model analysis involves the construction and experimental 
testing of full or scale models of structure components, 
assemblages, or systems. Documentation of the model tests 
and subsequent interpretation should be provided with the 
related calculations. Model analysis should be performed 
by an individual having experience in this technique. Refer-
ences are provided in Harris and Sabnis (1999) and White 
(1970).
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CHAPTER 7—DESIGN OF STRUCTURAL REPAIRS

7.1—General

7.1.1 Repaired structural elements and connections within 
the work area shall have design strengths at all sections at 
least equal to the required strengths calculated using the 
applied factored loads and internal forces in such combina-
tions as required by this code.

7.2—Strength and serviceability
7.2.1 Repaired structures shall be designed to meet the 

strength requirements of the design-basis code.

7.2.2 Repair design and construction procedures shall 
consider loading, internal forces, and deformations in both 
the existing and repaired structure during the repair process.

7.2.3 When serviceability issues are identified consistent 
with Section 6.6, repairs to address serviceability issues 
shall be considered.

7.3—Behavior of repaired systems
7.3.1 Repairs to sections, components, reinforcement, 

connections of members, or systems shall be designed to be 
integrated with the existing structure, creating a structural 
system capable of resisting the design loads by sharing and 
transferring loads between repaired and existing elements.

7.3.1.1 Repairs incorporating new members shall be 
designed to be integrated with the existing structure, creating 

R7—DESIGN OF STRUCTURAL REPAIRS

R7.1—General 
Repair and rehabilitation, as defined in Chapter 2, are 

processes in which deficiencies and damage in a structure 
or member are corrected. The methods used to correct defi-
ciencies and damage in structures will be the same for both 
repair and rehabilitation projects. For the purposes of this 
chapter, design requirements for repair and rehabilitation 
can be considered to be equivalent.

Durability requirements for repairs are in Chapter 8.

R7.1.1 Internal forces include those from externally 
applied loads and those from imposed deformations, from 
such actions as prestressing, shrinkage of repair materials, 
temperature changes, creep, unequal settlement of supports, 
and listing, leaning and tilting displacements.

R7.2—Strength and serviceability

R7.2.2 During the repair process, it may not be possible 
or practical to relieve existing stresses or deformations. 
Consideration should be given to the in-place internal forces 
and deformations present in the structure during the repair 
and the subsequent internal forces from the design loads that 
the repaired section will resist. Internal forces and deforma-
tions caused by existing loads may be locked in by the repair.

Analysis to evaluate the effects of structural modifica-
tions should verify that the strength is adequate and that 
serviceability conditions are met. As an example, creating 
a large opening in structural slabs may necessitate cutting 
reinforcement, which can significantly influence the global 
behavior of the structure. Supplementary strengthening may 
be required to address force redistribution that can exceed 
the existing strength of the affected elements. Slab punching 
shear strength should be evaluated for openings at the inter-
section of column strips to verify that the slab is adequate. 
This is especially critical near corner and edge columns 
where the slab shear stress is typically highest.

R7.2.3 Adequate stiffness needs to be determined on a 
project-specific basis and is a function of the structure type, 
the desired performance of the structure, and loading condi-
tions and use.

R7.3—Behavior of repaired systems

R7.3.1.1 Repair of a structure may be achieved by 
improving the global behavior of the structure by adding 
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a structural system capable of resisting the design loads by 
sharing and transferring loads between new members and 
existing elements.The effect of the new members on the struc-
ture shall be evaluated according to the design-basis code.

7.3.2 Repairs to members shall account for force transfer 
at the interface between the member and the repair mate-
rial or repair system. It shall be permitted to use ACI 318 
to design the force transfer mechanism between new and 
existing concrete.

7.3.3 Structural repairs required for strength or stiffness 
shall maintain composite behavior under service load. The 
repaired system shall be designed to mitigate potentially 
dangerous conditions if bond between the repair and the 
substrate is lost.

7.4—Interface bond of cementitious repair 
materials

7.4.1 Repair design shall include an analysis to determine 
the interface shear and tension stresses across bonded inter-
faces between cementitious repair materials and the existing 
substrate. The interface analysis shall use factored loads in 

new structural members that act integrally with the existing 
structural system or improving the behavior of the existing 
members. The design of the repair should consider connec-
tions of new members to the structure. Connections of 
new members should be designed to transfer design forces 
between new members and the structure.

Load sharing and load transfer should exist between the 
structure and the new members so that the assumed load 
path and force distribution can occur. The effects of adding 
new members on the global stiffness and force distribution 
should be considered.

New members may need to be separated from adjacent 
members to prevent or minimize interaction that may result 
in damage to adjacent portions of the structure. Transfer 
of forces between new and existing members should not 
compromise the performance of the structural system.

R7.3.2 Induced forces on the repaired member are shared 
between the existing member and the repair material or 
system. The repair should be designed to allow for transfer 
of forces between the two components.

The requirements for composite behavior between the 
repair and the member may vary depending on the type of 
repair (structural or nonstructural), the performance criteria 
at service, and the required strength at the ultimate limit 
states. While certain designs require composite behavior up 
to an ultimate limit state, others may be limited to service 
conditions. Composite behavior can be achieved by chem-
ical bonding, mechanical means, or a combination thereof. 
The design should specify the repair materials and tech-
niques that will develop the level of composite behavior to 
achieve the intended performance of the repaired member. 
Specific reference is made to ACI 318-14, Sections 16.4 
and 22.9, for force transfer requirements between new and 
existing concrete. Techniques other than shear-friction may 
be acceptable.

Design guidelines for bond of fiber-reinforced polymer 
(FRP) are provided in ACI 440.1R and 440.2R. Design 
provisions to achieve composite behavior with structural 
steel sections are provided in the “Specification for Struc-
tural Steel Buildings” (ANSI/AISC 360-16, Chapter I).

R7.3.3 Nonstructural repairs intended to improve dura-
bility or aesthetics may not require composite behavior under 
service loads. To prevent potentially dangerous conditions in 
the event of bond failure in a repair, the repair should encap-
sulate existing steel reinforcement. Alternately, the repair 
systems should be designed to provide redundant attachment 
of the repair material to the existing structure.

R7.4—Interface bond of cementitious repair 
materials

R7.4.1 The forces acting on the interface between 
cementitious repair materials and existing substrate can 
include tension, shear, or a combination of tension and shear 
depending on repair geometry and the applied loads. The 
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addition to internal forces resulting from restrained volume 
change to calculate the resultant interface stress demand (vu) 
from the transfer of tension and shear.

7.4.1.1 Interface shear stress shall be designed based on

 vu ≤ ϕvni (7.4.1.1)

where vni is nominal interface shear stress capacity and ϕ is 
the strength reduction factor determined in accordance with 
5.3.2.

7.4.1.2 Testing requirements for interface bond shall be in 
accordance with Table 7.4.1.2.

Table 7.4.1.2—Testing requirements where vu is 
partially or totally resisted by the concrete

vu Testing requirements

Less than or equal to 30 psi Bond integrity testing

Greater than 30 psi Quantitative bond strength testing 
unless design satisfies 7.4.5

7.4.2 If vu does not exceed 30 psi, interface reinforcement 
shall not be required. Bond integrity testing as specified in 
the construction documents shall be performed.

7.4.3 If vu is between 30 psi and 60 psi, interface reinforce-
ment is not required. Quantitative bond strength testing shall 
be performed to verify performance. Direct tension pull-off 
tests (ASTM C1583/C1583M) or other similar quantitative 
test methods shall be specified. The frequency of tests and 
acceptance criteria shall be specified, but the number of tests 
on a project shall be at least three (3).

tensile and shear demand at an interface between a cementi-
tious repair material and the substrate from applied loads 
and from volume changes that occur as a result of shrinkage 
or thermal movement can be calculated using principles of 
structural mechanics, but these calculations can be complex. 
Guidance on designing the interface for horizontal shear can 
be found in Chapter 16 of ACI 318-14, Chapter I of ANSI/
AISC 360-16, and Bakhsh (2010).

Where the required nominal interface shear stress is lower 
than 80 psi, and where good surface preparation, placement, 
repair materials, and curing techniques are employed, satis-
factory composite behavior will likely be achieved without 
interface reinforcement.

R7.4.2 The 30 psi bond stress specified by this code is 
based on half of a nominal shear stress of 80 psi multiplied 
by the strength reduction factor in 5.3.2.

A properly prepared substrate is achieved by removing 
existing deteriorated, damaged, or contaminated concrete. 
The exposed sound concrete is then roughened and cleaned 
to allow for adequate bond of a repair material. ICRI Guide-
line No. 210.3 presents a discussion of achievable tensile 
bond strengths, suggests a minimum value of 100 psi for 
less critical applications, and indicates that tensile bond test 
values less than 175 psi that fail at the bond interface or 
superficially within the existing concrete substrate may indi-
cate a partially damaged, contaminated, or otherwise inad-
equate bond surface. BS EN 1504-10 suggests minimum 
direct tension strengths of 100 psi for nonstructural repair 
and 175 to 215 psi for structural repairs. Interface reinforce-
ment may be needed if sufficient interface capacity cannot 
be achieved through bond.

Bond integrity testing can consist of various nondestruc-
tive qualitative test methods such as sounding in accordance 
with ASTM D4580/D4580M, ground-penetrating radar or 
impact-echo described in ACI 228.2R or ICRI Guideline 
No. 210.4.

R7.4.3 The 60-psi bond stress is based on a nominal shear 
stress of 80 psi multiplied by the strength reduction in 5.3.2

On most concrete repair projects, testing to verify the bond 
of cementitious repair materials to the substrate is recom-
mended as part of a quality assurance program. Quantita-
tive bond strength testing is required when the bond stress 
exceeds 30 psi and interface reinforcement is not provided. 
ICRI Guideline No. 210.3 provides guidance on the number 
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7.4.4 If vu exceeds 60 psi, interface reinforcement shall be 
provided.

7.4.5 If vu is completely resisted by interface reinforce-
ment, quantitative bond strength testing is not required.

7.4.6 Interface reinforcement shall be designed in accor-
dance with ACI 318.

7.4.7 Construction documents shall specify testing require-
ments for interface reinforcement in the repair applications.

of tests that should be performed based upon the repair area 
and acceptance criteria.

Bond capacity has primarily been evaluated using direct 
tension pull-off tests, as defined in ASTM C1583/C1583M 
and as described in ICRI Guideline No. 210.3. In some 
instances, laboratory slant shear tests in accordance with 
ASTM C882/C882M of cores made in the lab or cores 
taken from mockups in the field have been used to assist the 
licensed design professional to make informed design deci-
sions. Slant shear test results typically exceed direct tension 
pull-off test results, but the slant shear strength is greatly 
influenced by the compressive stress the test setup intro-
duces across the interface and may not be directly compa-
rable to field conditions. Typically direct shear strengths are 
larger than direct tension strengths. Comparisons of these 
tests and other tests, for the purpose of achieving adequate 
bond is discussed in Bakhsh (2010). It generally is adequate 
to assume that the repair to substrate bond will resist an 
interfacial shear equal to the direct tensile pull-off test result.

If failure during direct pull-off testing occurs at the bond 
line, it may indicate inadequate surface preparation of the 
concrete substrate or the substrate surface was damaged by 
the surface preparation method (bruising of the substrate). 
Modifications to the surface preparation procedures may 
improve the tensile bond strength. Discussion of proper 
methods for surface preparation can be found in ACI 546R 
and ICRI Guideline No. 310.2R.

R7.4.5 This provision provides an alternative to bond 
strength testing.

R7.4.6 ACI 318 provides design provisions for horizontal 
shear transfer in composite concrete flexural members. 
Minimum reinforcement is required between horizontal 
shear stress of 60 and 375 psi (500 psi multiplied by strength 
reduction factor of 0.75). Where the required design hori-
zontal shear stress is greater than 375 psi, Section 16.4.4.1 of 
ACI 318-14 requires design per Section 22.9 of ACI 318-14. 
For cases where there is a net factored tension across the 
interface, reinforcement should be provided and designed in 
accordance with ACI 318.

R7.4.7 Testing to verify the performance of the interface 
reinforcement to transfer horizontal shear can be performed 
in accordance with the recommendations contained in ACI 
355.2 and 355.4. Specific requirements for testing of ties 
should be included in a quality assurance plan.

Direct tension testing of post-installed interface reinforce-
ment is recommended to provide verification of the instal-
lation. Guidance for determining the number of tests and 
acceptance criteria of the direct tension testing is similar to 
principles used in developing direct tension pull-off testing 
requirements described in ICRI Guideline No. 210.3.
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7.5—Materials
7.5.1 Materials in a structure shall be permitted to remain 

if such materials are performing satisfactorily.

7.5.2 Except as permitted by this code, materials permitted 
by the current building code for new construction shall be 
used. Like materials shall be permitted, provided they do not 
contain hazardous materials or other materials not permitted 
by the code for new construction.

7.5.3 Alternate materials shall be permitted following 
approval in accordance with 1.4.

7.5.4 Design of the repair system shall consider the prop-
erties and installation of the repair materials and systems. 
These include, but are not limited to: physical properties of 
the repair materials, type of application, adhesion, volume 
stability, thermal movement, durability, corrosion resistance, 
installation methods, curing requirements, and environ-
mental conditions.

R7.5—Materials

R7.5.2 Hazardous materials include asbestos or other mate-
rials specifically prohibited by the current building code.

R7.5.4 Physical properties of repair materials include 
mechanical, chemical, and electrical properties. Docu-
mentation should be obtained for properties of each repair 
material. The stated properties should be verified that they 
satisfy the project requirements. ACI and ICRI provide 
guidelines for the selection of repair materials (ACI 301, 
ACI 318, ACI 503R, ACI 503.5R, ACI 503.6R, ACI 506R, 
ACI 546.3R, ACI 549.1R, ICRI Guideline No. 320.2R, 
ICRI Guideline No. 320.3R, ICRI Guideline No. 330.1, 
and ICRI Guideline No. 340.1).

The design of a repair should consider the compatibility 
of the repair materials with the materials of the existing 
structure. Compatibility of repair materials and systems 
include volume stability, bond compatibility and durability, 
mechanical compatibility, and electrochemical and perme-
ability compatibility. Generally, the intent is to use a repair 
material or repair system that has physical, mechanical, and 
other properties that are as close as possible to those of the 
parent material to provide long-term performance.

Individual repair materials may have different properties 
yet will perform satisfactorily when combined in a repair 
system. An example of this is where materials with differing 
thermal coefficients of expansion may be used, provided 
that the overall performance of the system is not affected by 
thermal changes.

Volume stability is often estimated as a change in the 
linear dimensions of the repair and should be considered in 
the design of a repair system. Autogenous shrinkage, chem-
ical shrinkage, degree of restraint, environmental conditions, 
drying shrinkage, creep, thermal changes, moisture absorp-
tion, and other factors all affect volume stability. Experience 
has shown that volume change of repair materials has often 
been the cause of poor performance of repairs. Properties 
of repair materials should be selected considering volume 
stability relative to the volume stability of the existing 
concrete in order to reduce the probability of cracking 
caused by relative volume changes.

Volume stability is discussed in ACI 209R, ACI 209.1R, 
ACI 546.3R, and ICRI Guideline No. 320.2R.

Repair materials such as portland-cement concrete, port-
land-cement mortar, polymer-cement concrete, polymer 
concrete, shotcrete, fiber-reinforced concrete, resin-based 
materials, and similar products are commonly used. Repair 
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7.6—Design and detailing considerations
7.6.1 Repair design shall be based upon the member 

conditions in Chapter 6.

7.6.2 Concrete—The in-place properties of the concrete, 
in accordance with Chapter 6, shall be used in the repair 
design.

7.6.3 Reinforcement

7.6.3.1 Reinforcement that is damaged or corroded shall 
be permitted to remain. The effective cross-sectional area of 
remaining reinforcement shall be permitted to be used in the 
repair design in accordance with the design-basis code. The 
effect of corrosion damage on development of steel rein-
forcement shall be considered. Where original deformations 
are no longer effective, reinforcing bars shall be considered 
as smooth bars.

7.6.3.2 Repair design shall consider the location and 
detailing of the reinforcement in accordance with the assess-
ment requirements of Chapter 6.

materials might not necessarily contain portland cement, but 
should be selected to achieve the necessary service, strength, 
and durability requirements.

The selection of reinforcement material should consider 
the durability, performance at elevated temperatures, and 
ductility. Electrical and chemical reactivity between the 
reinforcement, the repair material, and the existing rein-
forcement should also be considered.

Refer to ACI 440.1R for internal FRP reinforcement, ACI 
440.2R for externally bonded FRP reinforcement, and ICRI 
Guideline No. 330.1 and ACI SP-66 for steel reinforcement.

Required properties of the repair reinforcement should be 
specified in the construction documents. Specified reinforce-
ment properties are dependent on the requirements of the 
repair and may include physio-chemical (for example, glass 
transition temperature, and coefficient of thermal expansion) 
as well as mechanical properties (for example, ultimate 
strength, tensile modulus, and ultimate elongation).

R7.6—Design and detailing considerations

R7.6.2 The extent and cause of deterioration and the 
concrete strength and quality should be assessed, including 
compressive strength, chlorides, carbonation, sulfate attack, 
alkali-silica reaction, physical damage, corrosion-induced 
spalling, and cracking.

Chloride penetration can cause corrosion that can lead to 
cracking and spalling. The depth of a spall reduces the effec-
tive area of concrete section. Degradation of the concrete 
affects the concrete compressive strength.

R7.6.3 Reinforcement

R7.6.3.1 Repair design should consider the in-place 
condition of the reinforcement, including the effective cross-
sectional area of the reinforcing bars. The effective area is 
calculated using the remaining effective diameter of the rein-
forcing bar accounting for the loss of section due to corro-
sion. Further considerations may also include the location 
of the corroded areas, loss of confinement, the loss of bond, 
and the effect of corrosion on member strength. If the struc-
ture is fire damaged, steel reinforcement may be annealed, 
and the yield strength reduced. Refer to ACI 216.1 for addi-
tional guidance. Durability requirements related to corroded 
reinforcement are addressed in 8.4 and ACI 364.1R. CRSI 
(2014) provides information on older reinforcement systems.

R7.6.3.2 The location and detailing includes the horizontal 
and vertical positions, orientation, geometry of the reinforce-
ment, development of reinforcement, and the presence of 
hooks and crossties. Field examination to locate reinforce-
ment may be required. Guidance on evaluation techniques 
for reinforcement location is provided in Chapter 6.
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7.6.3.3 Both existing and new reinforcement shall 
be adequately developed. Development length shall be 
permitted to be calculated based upon development in both 
the existing concrete and new materials and in accordance 
with the design-basis code.

7.6.4 Prestressed structures

7.6.4.1 The effects of prestressing shall be considered in 
the repair design.

7.6.4.2 The effects of modifications to existing structure 
geometry, damage conditions, loss of prestressing force, and 
repair sequence shall be considered in the repair design.

R7.6.3.3 Reinforcement development may be inadequate 
due to corrosion, mechanical damage, insufficient or loss of 
concrete cover, delaminated concrete, concrete strength, or 
other conditions. Equations to calculate the development 
length have also changed over time and current equations 
may require longer development lengths than earlier equa-
tions. The design of the repair should evaluate the required 
development length. Detailing of the repair should include 
the proper development of new reinforcement to achieve the 
design force. ACI 318 provides development equations and 
requirements for detailing of steel reinforcement. ACI 369.1 
(or ASCE/SEI 41) provides an equation when development 
length of existing reinforcement does not meet ACI 318. 
ACI 440.1R and ACI 440.2R provide detailing guidance 
for internal FRP reinforcement and externally bonded FRP 
reinforcement, respectively. Additional information can be 
found in fib Bulletin No. 10.

R7.6.4 Prestressed structures

R7.6.4.1 Requirements for repair of structures with 
bonded and unbonded prestressing are different. Post-
tensioned structures (with bonded and unbonded tendons) 
are often cast-in-place monolithic structures, whereas 
pretensioned structures (with bonded strands) are often 
single-span precast structures. Each system is unique and 
should be individually considered. The repair of prestressed 
structures requires a condition assessment of the existing 
tendons. Repair of unbonded tendons may require tendon 
detensioning. Guidance for analysis, evaluation methods 
and repair techniques of unbonded post-tensioned structures 
is provided in ACI 423.4R, ACI 222.2R, ICRI Guideline No. 
210.2, PTI DC80.2-10, and PTI DC 80.3/ICRI 320.6.

R7.6.4.2 Analysis to evaluate the effects of structural 
modifications should verify that strength is adequate and that 
all serviceability conditions (for example, deflection limits) 
are satisfied.

Analysis of prestressed structures is required to evaluate 
the effect of damaged or severed prestressing reinforce-
ment on structural strength and performance. The effect of 
a severed bonded tendon is typically localized because the 
severed tendon is effective after a development length is 
achieved and the full strength of the tendon is reestablished. 
For structures with bonded tendons, shoring, if necessary, 
may only be required locally at the repair area.

Review of grouting quality assurance and supervision 
documents should be performed to evaluate grouted tendons 
in advance of any repair or rehabilitation of bonded post-
tensioning systems. The presence of voids, moisture in 
ducts, chlorides and the extent of carbonation in the existing 
grout need to be identified. Methods for evaluation of 
chloride-ion content are listed in ASTM C1152M, ASTM 
C1218, and AASHTO T260. Field evaluation of grout may 
be required even if documentation of the original construc-
tion is available.
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7.6.4.3 Stresses in remaining section after concrete 
removal during repair shall not exceed the limits established 
in the design-basis code.

7.6.5 Anchoring to concrete—Post-installed anchors shall 
be designed in accordance with ACI 318 to transfer design 

Unbonded tendons are designed to be permanently 
debonded from the member and often extend over multiple 
spans. As a result, damage or discontinuity of a tendon at 
one location will reduce the strength for the entire length of 
the tendon.

If unbonded tendons are severed, the prestressing force is 
assumed to be lost for the full length of the tendon. Releasing 
or cutting tendons may affect multiple spans and may require 
shoring beyond the area where cutting or releasing of tendons 
occurs. Adjacent spans may require temporary shoring 
depending on the number of tendons severed at one time and 
the applied loads. Analysis based on actual loading at the time 
of the modification may show shoring to be unnecessary.

Repair and structural modification may require deten-
sioning of prestressing tendons. Unbonded tendons should 
be detensioned in a controlled manner to ensure performance 
and safety. Unless not needed based on analysis, unbonded 
tendons should be reanchored and restressed to restore 
required structural strength. Cut or damaged unbonded 
tendons can be restored by splicing or by installing new 
tendons with anchors at intermediate locations, at the end 
of the structural member or the edge of any new openings.

The stressing force in a repaired tendon depends on the 
condition and type of the repaired post-tensioned system and 
in certain cases this force can be less than the original force 
if determined to be acceptable by structural analysis. Further 
discussion of this topic can be found in PTI DC 80.3/ICRI 
320.6.

Corrosion on prestressing strands for bonded and unbonded 
post-tensioned systems may have an effect on strand integ-
rity and strength. Prestressing strands require examination for 
conditions such as corrosion pitting and hydrogen embrittle-
ment (refer to ICRI Guideline No. 210.2 and ACI 222.2R).

If repairs to prestressed slabs or beams result in increased 
concrete tensile stress (that is, changing the classification 
of the prestressed flexural member as defined in ACI 318), 
impacts of the repair scheme on serviceability should be 
evaluated.

R7.6.4.3 Removing surface concrete from a prestressed 
member may cause excessive compressive and tensile stress 
in the remaining concrete section and may alter secondary 
forces and moments due to prestressing in indeterminate 
structures. This condition is more critical for prestressed 
joists and girders that have a relatively small section and 
large prestressing force. Slabs are less critical due to the 
relatively small initial precompression. This change is 
acceptable as long as durability and strength are addressed 
as part of the repair design. The impact of removing concrete 
from a post-tensioned structure is addressed in Scollard and 
Bartlett (2004). PTI DC 80.3/ICRI 320.6 provides guidance 
for removing concrete around anchors and splices to prevent 
catastrophic anchorage failure.

R7.6.5 The design of post-installed anchors requires 
careful consideration of the loads to be resisted. Anchors 
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forces to the substrate considering possible anchor failure 
modes and the condition of the substrate into which the 
anchor is installed.

7.6.6 Repair geometry—Configuration of repairs shall 
consider the potential for stress concentrations and cracking 
in both the existing structure and the repair area.

7.6.7 Expansion joint materials—Selection of expansion 
joint materials shall consider the anticipated movement of 
the structure and facility maintenance procedures.

should have adequate strength to transfer design forces 
across all interfaces and into the existing member. All 
possible anchor failure modes should be considered to 
determine the design strength. Anchors should be selected 
considering the expected concrete substrate cracking condi-
tion. For example, post-installed anchors used in the tension 
zone of concrete members and in structures located in 
regions of moderate or high seismic hazard should be able 
to transfer the design seismic forces assuming a cracked 
concrete condition.

Design of post-installed anchors is provided in ACI 318, 
which includes provisions that require performance of post-
installed anchors in both cracked and uncracked concrete. 
ACI 355.2 and 355.4 provide the standard required for 
qualifying post-installed anchors in cracked and uncracked 
concrete. Specifications for post-installed anchors should 
include installation, testing, and inspection procedures.

For post-installed expansion or undercut anchors, manu-
facturer’s installation instructions specify procedures for 
drilling, hole cleaning, installation, torque magnitude, and 
procedures to engage the anchor.

For adhesive anchors and dowels, hole cleaning and mois-
ture conditions are critically important. Manufacturer’s 
printed installation instructions should specify procedures 
for drilling, hole cleaning, installation, and the care to be 
taken until the adhesive has cured.

Testing and inspection of post-installed anchors should 
be specified in the construction documents. Many building 
codes require that adhesive anchors be installed under 
special inspection procedures to ensure that the installa-
tion is correctly performed in accordance with the design 
and manufacturer’s procedure. Refer to ACI 318 for specific 
inspection requirements for post-installed anchors.

R7.6.6 Repair shapes with sharp reentrant corners can 
cause stress concentrations that may result in cracking. 
Long, slender (high aspect ratio) repair areas also may 
result in transverse cracking. The shape of the repair should 
be considered to reduce stress concentrations and possible 
cracking. Methods discussed in ICRI Guideline No. 310.1R 
provide guidance to reduce cracking in concrete repairs 
including providing a uniform depth of edges and substrate, 
repair geometry, surface preparation, concrete removal 
below reinforcement (undercutting) and elimination of 
feather edge repairs.

R7.6.7 Repairs to expansion joint materials are common, 
particularly those subjected to snow removal operations.

Design and selection of the expansion joints should 
consider the total anticipated movement of the expansion 
joint. Typically, expansion joint capacities listed in manu-
facturer’s literature are based on total movement from 
minimum installation width to maximum installation width 
and assume the joint will be installed when the joint is at 
the midpoint of this movement range. Joints installed in 
the summer or winter months will experience movement 
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7.7—Repair using supplemental post-tensioning
7.7.1 Supplemental post-tensioning shall be permitted for 

repair of structures.

7.7.2 The effects of the supplemental post-tensioning on 
the behavior of the structure shall be considered in the repair 
design.

7.7.2.1 Stresses due to supplemental post-tensioning shall 
be combined with existing stresses and the total shall not 
exceed the limits in the design-basis code.

7.7.2.2 Design of supplemental post-tensioning shall 
provide for the transfer of post-tensioning forces between 
the post-tensioning system and the structure. Design of 
concrete supplemental post-tensioning anchor zones shall be 
in accordance with ACI 318. Design of steel brackets and 
supplementary structural steel shall be in accordance with 
ANSI/AISC 360.

7.7.3 Provisions shall be made for effects of post-tensioning, 
temperature, and shrinkage on adjoining construction, 
including immediate and long-term deformations, deflections, 
changes in length, and rotations due to prestressing.

7.7.4 Post-tensioning losses shall be included in the design 
of supplemental post-tensioning systems.

7.7.5 Construction documents shall specify the repair 
sequence, including tendon placement, anchors, and 
stressing of the post-tensioned system.

primarily in one direction only, and so may require a larger 
capacity. Additional guidance can be found in the Parking 
Facility Maintenance Manual published by the National 
Parking Association (2016).

R7.7—Repair using supplemental post-tensioning
R7.7.1 Supplemental post-tensioning can be applied to the 

structure externally, internally, or both.

R7.7.2 Supplemental post-tensioning can introduce 
moment, shear, and axial forces within the structure that should 
be considered in the design and detailing of the repair. The 
internal forces induced by the supplemental post-tensioning 
can be significant. For statically indeterminate structures, 
restraint to post-tensioning deformations can result in signifi-
cant internal forces. Refer to ICRI Guideline No. 330.1 for 
selecting strengthening systems for concrete structures.

R7.7.2.1 Adding supplemental post-tensioning to a 
prestressed member may cause excessive compressive and 
tensile stress and may alter secondary forces and moments. 
External post-tensioning may result in changing the classifi-
cation of prestressed flexural members as defined in ACI 318 
Section 24.5.2. This change is acceptable as long as dura-
bility and strength are addressed as part of the repair design.

R7.7.2.2 Anchors for new post-tensioned reinforce-
ment should be designed and detailed for the transfer of 
post-tensioning forces to the existing structure. Bearing, 
spalling, and bursting forces created at anchor zones should 
be considered. Strut-and-tie modeling, as given in ACI 318, 
may be used to design post-tensioning anchor zones.

R7.7.3 The post-tensioning forces may be restrained by 
adjacent stiff members such as walls, and reduce the effect of 
the prestressing on the intended member or have unintended 
effects on the adjacent construction.

R7.7.4 Losses include wedge seating in the anchor; 
elastic shortening; creep of original concrete; shrinkage of 
original concrete following installation of the supplemental 
prestressing; creep of repair material; shrinkage of repair 
material; prestressing relaxation; and friction and wobble 
between the post-tensioning reinforcement and ducts, bear-
ings, or deviators. Assessment of losses of supplemental 
post-tensioning force should consider the existing condi-
tions of the repaired elements, as the members may have 
already experienced time-dependent creep and shrinkage.

R7.7.5 Repair design using supplemental post-tensioning 
systems should include construction documents for installa-
tion sequence including shoring, removal of concrete, place-
ment of new material and reinforcement, additional anchor 
requirements, horizontal shear transfer requirements, curing, 
and stressing. Installation of supplementary post-tensioning 
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7.7.6 Structural members repaired or modified with 
externally installed unprotected post-tensioning shall have 
adequate unrepaired strength, in accordance with 5.5.

7.8—Repair using fiber-reinforced polymer (FRP) 
composites

7.8.1 Fiber-reinforced polymer composites in confor-
mance with ACI 440.6 and ACI 440.8 shall be permitted to 
repair concrete structures.

involves application of significant forces, which may require 
project safety and protection procedures by the installer. 
Refer to 8.4.1 for corrosion protection requirements.

R7.7.6 Unless protection of the post-tensioning strength-
ening system is provided to prevent sudden failure of the 
member in case the external post tensioning reinforcement is 
damaged or becomes ineffective (such as fire or impact), the 
structural member should have adequate strength without 
the post-tensioning reinforcement to support factored loads, 
as defined in Chapter 5.

R7.8—Repair using fiber-reinforced polymer (FRP) 
composites

R7.8.1 Fiber-reinforced polymer fabrics, bars, or shapes 
can be used as externally bonded reinforcement, internal 
reinforcement, and as internal or external prestressed rein-
forcement. FRP shapes may be used as additional stand-
alone structural members. Design and detailing of externally 
bonded FRP systems should be consistent with ACI 440.2R. 
Particular attention should be given to strength increase 
limits, service limits, and determination of FRP material 
design properties.

Design and detailing of internal FRP reinforcement should 
be consistent with ACI 440.1R. Particular attention should 
be given to service limits and determination of FRP material 
design properties.

If internal prestressed FRP reinforcement is used, the 
design and detailing should be consistent with ACI 440.4R.

FRP systems should only be installed in or on sound 
concrete. Concrete distress, deterioration, and corrosion of 
reinforcement should be evaluated and addressed before the 
application of the FRP system. Surface preparation require-
ments should be based on the intended application of the 
FRP system. FRP applications can be categorized as bond-
critical or contact-critical. Bond-critical applications, such as 
flexural or shear strengthening of beams, slabs, columns, or 
walls, require an adhesive bond between the FRP system and 
the concrete. Contact-critical applications, such as confine-
ment of columns, only require intimate contact between the 
FRP system and the concrete. Contact-critical applications 
do not require an adhesive bond between the FRP system 
and the concrete substrate, although one is often provided 
to facilitate installation. ACI 440.2R provides descriptions 
of FRP applications and surface preparation and repair 
requirements.

For bond-critical applications, the concrete substrate 
should possess the necessary strength to develop the design 
forces of the FRP system through bond. The substrate, 
including all bond surfaces between repaired areas and the 
original concrete, should have sufficient direct tensile and 
shear strength to transfer force between the existing substrate 
and FRP system. The tensile strength of the substrate should 
be at least 200 psi as determined by a pull-off type adhesion 
test per ASTM D7522/D7522M. Contact-critical applica-
tions are not required to meet this minimum bond value as 
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7.8.2 Structural members repaired or modified with exter-
nally-applied FRP composites shall have adequate unre-
paired strength, in accordance with 5.5.

7.9—Performance under fire and elevated 
temperatures

7.9.1 Design of the repair system shall consider elevated 
temperature performance and shall comply with the fire resis-
tance ratings of the structural members and other fire safety 
requirements in accordance with the design-basis code.

the design forces of the FRP are developed by deformation 
or dilation of the concrete section.

For bond-critical applications, the concrete surface should 
be prepared to a minimum concrete surface profile (CSP) 3 
as defined by the ICRI Guideline No. 310.2R. In contact-
critical applications, surface preparation should promote 
continuous intimate contact between the concrete surface 
and the FRP system. Surfaces to be wrapped should, at a 
minimum, be flat or convex to promote proper loading of 
the FRP system.

FRP systems should not be applied to damp or wet surfaces 
unless the epoxies are formulated by the manufacturer for 
such applications. Moisture content of the concrete substrate 
should be evaluated before application of the FRP system 
as it may inhibit bonding between the concrete substrate 
and epoxy polymer. Surface moisture should not exceed the 
limits established by the manufacturer. Testing for presence 
of moisture should be done in accordance with manufac-
turer’s written recommendations or one of the following: 
ASTM D4263 – “Standard Test Method for Indicating Mois-
ture in Concrete by the Plastic Sheet Method;” AASHTO 
FRPS-1-UL – “Guide Specifications for Design of Bonded 
FRP Systems for Repair and Strengthening of Concrete 
Bridge Elements,” first edition; ACI 548.1R; ASTM F1869 – 
“Standard Test Method for Measuring Moisture Vapor Emis-
sion Rate (MVER) of Concrete Subfloor Using Anhydrous 
Calcium Chloride;” ASTM F2170 – “Standard Test Method 
for Determining Relative Humidity in Concrete Floor Slabs 
Using In Situ Probes;” or ASTM F2420 – “Standard Test 
Method for Determining Relative Humidity on the Surface 
of Concrete Floor Slabs Using Relative Humidity Probe 
Measurements and Insulated Hood.”

The surfaces to receive moisture testing and the testing 
equipment should be acclimated near the relative humidity 
levels and temperatures that the design is anticipated to have 
in service. Variation between testing and in-service condi-
tions may provide inaccurate or misleading testing results.

R7.9—Performance under fire and elevated 
temperatures

R7.9.1 Regardless of the repair system used, performance 
of the repaired element under fire and elevated temperatures 
should be evaluated and the system should be detailed and 
materials selected to provide adequate performance. The 
repaired elements should comply with applicable building 
code requirements and relevant fire regulations valid at 
the project location. Structures renovated for different 
use or strengthened to support higher loads may require a 
more stringent fire rating than the original structure. Other 
requirements such as flame spread and smoke density should 
also be considered in accordance with the general existing 
building code and ASTM E84.

American Concrete Institute Copyrighted Material—www.concrete.org

60 CODE REQUIREMENTS FOR ASSESSMENT, REPAIR, AND REHABILITATION OF EXISTING CONCRETE STRUCTURES (ACI 562-19)

CODE COMMENTARY



7.9.2 It shall be permitted to design a repair without 
supplemental fire protection if the unrepaired member has 
adequate strength during a fire event considering the reduced 
material properties due to fire exposure in accordance with 
5.5.3.

7.9.3 The properties of the specified repair materials at 
elevated temperatures shall be considered.

7.9.4 Repairs using adhesives shall consider their perfor-
mance at elevated temperatures.

7.9.5 Supplemental fire protection to improve the fire 
rating of repaired systems shall be permitted.

7.9.6 Fire rating of repaired systems, based on ACI 216.1, 
shall be permitted.

R7.9.2 A repair system can be selected without addi-
tional fire protection provided that the existing unrepaired 
member has adequate strength during a fire event to support 
the loads, as defined in 5.5.3. Fire performance requirements 
and evaluation procedures for a structure during a fire event 
are outlined in ACI 216.1, ASCE/SEI/SFPE 29, and AISC 
Design Guide 19.

R7.9.3 Repair material specifications should comply with 
the requirements of relevant fire regulations valid at the 
project location. If there is a conflict between the properties 
of specific products or systems and fire regulations, alterna-
tive repair principles or methods should be used to avoid 
such a conflict. In general, polymer mortar and polymer 
concrete have higher coefficients of thermal expansion and 
higher resistance to water vapor transmission and lower 
resistance to fire and elevated temperatures compared to 
cementitious alternatives.

R7.9.4 ACI 440.2R reports that the physical and mechan-
ical properties of the resin components of FRP systems are 
influenced by temperature and can degrade at temperatures 
close to and above their glass-transition temperature Tg. An 
acceptable service temperature for FRP is established by 
ACI 440.2R as Tg – 27°F. This value accounts for typical 
variation in test data for dry environment exposures. Adhe-
sive-bonded FRP reinforcement should not be used if the 
maximum service temperature exceeds Tg – 27°F. A service 
temperature exceeding this limit temperature should be 
addressed using an adhesive system with a higher Tg value, 
using heat protection or insulation systems or using alternate 
repair systems. Similar service temperature considerations 
apply to adhesive-bonded steel reinforcement.

Adhesive-based repair systems can be considered effec-
tive during a fire event if a fire protection system with an 
established fire rating is used that maintains the tempera-
ture of the adhesive-based system below its glass transition 
temperature. In the absence of an established fire rating, 
detailed fire analysis may be used to establish a fire rating of 
the repaired system.

R7.9.5 Standard fire protection systems can be used to 
increase the fire rating of repaired systems. National codes 
and professional organizations list generic ratings for concrete 
structural members, giving the minimum thickness of concrete 
cover needed to protect the main steel reinforcement from fire 
effects (IBC; NFPA 5000 2015; PCA 1985, 1994). In addition 
to increasing the cover thickness, fire performance of rein-
forced and prestressed concrete members may be enhanced by 
fire protection systems as proven by fire testing or analytical 
methods (ACI 216.1). Concrete cover for nonmetallic rein-
forcement may need to exceed cover for steel reinforcement 
to achieve the same fire resistance rating.

R7.9.6 The fire rating of a repaired system or assembly can 
be determined in accordance with ACI 216.1, which requires 
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the use of reduced material strength due to fire exposure and 
a strength reduction factor during fire of 1.0.

The criteria for evaluating a structure for fire safety are 
different than those for strength design and typically incor-
porate lower material strengths and required strength, and 
may not require the use of strength reduction factors (refer 
to Section 5.5.3). The licensed design professional should 
verify that the fire-reduced strength of the member exceeds 
the force demand due to expected service loads during the fire 
event. The fire-reduced strength should be based on reduced 
material strengths for the maximum expected temperature 
in a fire event, which can be determined in accordance with 
ASTM E119 and ACI 216.1.

Section 1.2 of ACI 216.1 allows alternative methods to 
assess the fire resistance of assemblies. The fire reduced 
strength as well as the effect of fire protection system on 
the overall performance and fire rating of an existing and 
repaired element can also be determined utilizing available 
design models and finite element numerical procedures. 
Descriptions of the detailed analytical methods can be found 
in Buchanan (2001) and Technical Report 68 (2008) by the 
Concrete Society.

The fire resistance or rating of a repaired system or 
assembly can be determined through full scale testing in 
accordance with ASTM E119, which requires the applica-
tion of the expected service load to the test specimen during 
the full-scale fire test.

American Concrete Institute Copyrighted Material—www.concrete.org

62 CODE REQUIREMENTS FOR ASSESSMENT, REPAIR, AND REHABILITATION OF EXISTING CONCRETE STRUCTURES (ACI 562-19)

CODE COMMENTARY



CHAPTER 8—DURABILITY

8.1—General
8.1.1 Durability of individual repairs, the repaired struc-

ture, and the interaction between the repaired areas and the 
remaining structure shall be considered.

8.1.2 Cause(s) of current conditions, defects, and potential 
future deterioration of repairs shall be assessed as part of the 
repair design.

R8—DURABILITY

R8.1—General
R8.1.1 The durability of materials incorporated into a 

repair depends on the ability of the materials to withstand 
the environment where they are installed. A repaired section 
is considered to be the combination of the installed repair 
material(s) and the substrate material(s). The durability of 
repairs is dependent on the compatibility between repair 
materials, the structure, and the surrounding environment. 
To achieve compatibility, the repair and structure need to 
interact on several levels without detriment, including chem-
ical, electrochemical, and physical behavior.

For repair durability design, the design service life is the 
time frame for which durability should be considered. The 
design service life requirements for a repaired structure are 
established by the licensed design professional in consulta-
tion with the Owner to achieve a repair that satisfies project 
requirements including strength, safety and serviceability. 
Such design service life should be reflected in the repair 
design and maintenance requirements, as well as incorpo-
rated into the construction documents. Design service life 
may be achieved through satisfactory repair construction 
practices, including the material selection, surface prepa-
ration and application of the repair materials. The design 
service life of the structure and repaired members, including 
maintenance requirements, may be estimated by considering 
the durability of the repair materials and their interaction with 
the structure. Service life and the parameters to be consid-
ered, the limitations, and methods available for conducting 
a service life prediction are presented in ACI 365.1R. Some 
examples of end of service life where durability parameters 
are not met include:

(a) Unacceptable reduction in structural performance
(b) Unacceptable frequency of maintenance cycles and 

associated activities
(c) Exceeding maximum crack width or crack frequency 

from corrosion, shear, torsion, flexure
(d) Exceeding maximum permissible chloride level at the 

interface of the steel in the repair area, or in adjacent areas
(e) Depth of carbonation leading to corrosion of 

reinforcement
(f) Unacceptable reinforcement section loss due to 

corrosion
(g) Exceeding maximum concrete deterioration level, 

mass loss or unacceptable surface conditions due to deterio-
ration mechanisms, such as corrosion, freeze-thaw, chemical 
attack, abrasion, sulfate attack, alkali-silica reaction (ACI 
221.1R, ACI 364.11T), or delayed ettringite formation

(h) Loss of watertightness or excessive/unacceptable 
leakage

R8.1.2 The presence of deterioration and its cause(s) 
should be determined as a first step in repair durability 
design. Causes of deterioration include:
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8.1.3 Repair materials and methods shall be selected to be 
compatible with the structure, and within the service envi-
ronment. Anticipated maintenance shall be considered in the 
selection of repair materials and methods.

(a) Mechanical (abrasion, cavitation, fatigue, impact, over-
load, settlement, explosion, vibration, excessive displace-
ment, loads, or ground motion from a seismic event)

(b) Chemical (alkali-aggregate reaction, sulfate attack, 
acid dissolution, soft water leaching, or biological action)

(c) Physical (freezing and thawing cycles, scaling, 
humidity gradients, temperature gradients, differing coef-
ficients of thermal expansion, salt crystallization, radiation 
exposure, ultraviolet light, fire, or differences in perme-
ability between materials)

(d) Reinforcement corrosion (carbonation, corrosive 
contaminants, dissimilar metals, stray currents, or stress 
corrosion cracking, location of reinforcement)

(e) Defects

R8.1.3 Compatibility in concrete repair systems can be 
defined as the balance of physical, chemical and electro-
chemical properties, as well as volume changes between the 
repair, the reinforcement, and the existing substrate. This 
balance ensures that the composite repair system withstands 
stresses induced by loads, chemical and electrochemical 
effects, and restrained volume changes without distress and 
deterioration over a designed period of time (Vaysburd and 
Emmons 2006).

Repaired sections should be resistant to expected service 
conditions that can result in deterioration during the design 
service life, including the causes of deterioration listed 
previously, and combinations of these causes.

Repaired sections should be resistant to:
(a) The ingress of chlorides and other corrosive contami-

nants that are present in the remaining concrete or the 
ingressof corrosive contaminants into the concrete that lead 
to corrosion of reinforcement or other embedments (8.4).

(b) The effects of thermal exposure and cycles.
(c) Freezing-and-thawing damage if critically saturated 

and subject to a freezing-and-thawing environment.
(d) Scaling if exposed to salts.
(e) Deterioration due to exposure to ultraviolet or other 

radiation deterioration within the repair environment unless 
other means are provided to address such deterioration.

(f) Fatigue deterioration resulting from loading cycles and 
load reversal. For example, fatigue resistance may be needed 
in repair areas subject to many cycles of repeated loading.

(g) Impact, erosion, and vibration effects if exposed to 
conditions causing deterioration by these mechanisms.

(h) Abrasion due to heavy traffic, impingement of abrasive 
particles, or similar conditions.

(i) Chemical deterioration which may result from sulfate 
attack, acids, alkalis, solvents, leaching of cementitious mate-
rials due to soft water, salt crystallization, and other factors 
that are known to attack or deteriorate the repair material or 
concrete substrate. Water penetration into concrete is associ-
ated with many types of chemical attack and other deteriora-
tion mechanisms.

(j) Carbonation-induced corrosion. Carbonation of 
concrete and repair materials reduces their pH and dimin-
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8.2—Cover
8.2.1 Concrete cover shall be in accordance with the 

design-basis code, or an equivalent cover shall be used. An 
equivalent cover using alternative materials and methods 
shall be approved in accordance with 1.4.2.

8.2.2 Concrete cover over remaining and new reinforce-
ment shall meet minimum requirements to provide suffi-
cient (i) corrosion protection; (ii) fire protection; and (iii) 
anchorage and development.

ishes the passivation effect which may lead to corrosion of 
embedded reinforcement (refer to 8.4).

(k) Deterioration resulting from deleterious aggregate, 
alkali-aggregate reactions or other aggregate durability 
concerns.

(l) Deterioration due to trapped moisture as a result of 
differential permeability between the repair and existing 
concrete, leading to freezing-and-thawing damage of criti-
cally saturated concrete, corrosion of embedded steel rein-
forcement, alkali-aggregate reaction, or sulfate attack of 
either the repair concrete or existing concrete.

Appropriate materials selection for concrete repair is 
discussed in ACI 546.3R.

Environmental classes that may affect durability perfor-
mance are shown in Table R8.1.3.

R8.2—Cover

R8.2.2 Concrete cover protects reinforcement in concrete 
construction from corrosion until the concrete cover 
becomes contaminated, cracks or is compromised. The 
protection provided by the concrete cover is important in 
determining the service life of the structure. The minimum 
cover is typically required by the design-basis code. The 
effects of concrete cover on reinforcement corrosion, chlo-
ride contamination, and carbonation should be considered 

Table R8.1.3—Exposure categories and classes (adopted from ACI 318-14)
Category Class Condition

Freezing and thawing (F)

F0 Concrete not exposed to freezing-and-thawing cycles

F1 Concrete exposed to freezing-and-thawing cycles with limited exposure to water

F2 Concrete exposed to freezing-and-thawing cycles with frequent exposure to water

F3 Concrete exposed to freezing-and-thawing cycles with frequent exposure to water and exposure 
to deicing chemicals

Sulfate (S)

Water-soluble sulfate (SO4
2–) in soil, percent 

by mass (1) Dissolved sulfate (SO4
2–) in water, ppm(2)

S0 SO4
2– < 0.10 SO4

2– < 150

S1 0.10 ≤ SO4
2– < 0.20 150 ≤ SO4

2– < 1500 or seawater

S2 0.20 ≤ SO4
2– ≤ 2.00 1500 ≤ SO4

2– ≤ 10,000

S3 SO4
2– > 2.00 SO4

2– > 10,000

In contact with water (W)
W0 Concrete dry in service, concrete in contact with water and low permeability is not required

W1 Concrete in contact with water and low permeability is required

Corrosion protection of reinforcement (C)

C0 Concrete dry or protected from moisture

C1 Concrete exposed to moisture but not to an external source of chlorides

C2 Concrete exposed to moisture and an external source of chlorides from deicing chemicals, salt, 
brackish water, seawater or spray from these sources

(1)Percent sulfate by mass in soil shall be determined by ASTM C1580.
(2)Concentration of dissolved sulfates in water, in ppm, shall be determined by ASTM D516 or ASTM D4130.
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8.3—Cracks
8.3.1 The cause(s) of cracks shall be assessed, and mitiga-

tion of cracking shall be considered in the repair design. As 
part of a repair design, cracking mitigation methods shall 
consider the causes, movement, size, orientation, width, and 
pattern of cracks. The characteristics of the substrate, loca-
tion, and evidence of water transmission shall be determined 
to assess the appropriate method of repair. Active water infil-
tration shall be corrected as required for the durability of the 
structure.

8.3.2 The design of repairs shall consider the effects of 
cracks on the expected durability, performance, and design 
service life of the repair and structure as a whole.

when evaluating the maintenance requirements and design 
service life of alternative methods for corrosion protection.

Adequate protection may be provided by increased section 
thickness, the appropriate coatings, such as sealers, or both; 
or electrochemical corrosion protection methods. Alterna-
tive means of protecting reinforcement include the applica-
tion of waterproof membranes (ACI 515.2R), and various 
forms of cathodic protection. Active corrosion may create 
distress and deterioration beyond the limits of the repair 
area. The design service life should consider the existing 
conditions and potential distress in repairs areas and areas 
adjacent to the repair.

Concrete cover also provides fire protection. Fire protec-
tion requirements can be met by techniques such as increasing 
cover, spray-on fire protection or intumescent coatings.

R8.3—Cracks
R8.3.1 Cracks can reduce the protection provided by the 

effective cover over steel reinforcement and lead to water 
and deleterious material ingress, which accelerates the dete-
rioration of embedded reinforcement and can cause other 
concrete deterioration issues such as freezing-and-thawing 
deterioration, alkali-aggregate deterioration, and chemical 
attack. Identification of their cause(s) and evaluation of their 
impact on a structure or a concrete component is described 
in ACI 224.1R. Guidance for the assessment of cracking 
caused by earthquakes is provided in FEMA 306.

R8.3.2 Not all cracks need to be repaired, however, all 
cracks have the potential to become active cracks. Cracks 
in concrete structures can be detrimental to the long-term 
performance of a structure if the cracks are of sufficient 
size to allow for the ingress of deleterious materials into the 
structure, and guidance for critical crack sizes is provided in 
ACI 224R, Table 4.1.

Consideration should be given to post-repair cracking and 
the need for protection of the existing concrete and repair 
material from the ingress of deleterious materials. ACI 224.1R 
provides guidance for the prevention and control of cracks.

There are a variety of different materials that have been 
used for crack repair, and the correct specification for a given 
application will affect the design service life of the repair. 
For cracks that are essentially acting as a joint or are active, 
one type of effective repair is to seal the crack with an elas-
tomeric sealant at the concrete surface(s). Crack injection 
can be another effective repair approach. For repair by crack 
injection, the process and material should be appropriate to 
the site conditions. Dormant cracks can be repaired by injec-
tion using materials such as epoxy, polyurethane, latex in 
a cement matrix, microfine cement, and polymethacrylate. 
Crack injection should not be used to repair cracks caused by 
corrosion of steel reinforcement and alkali aggregate reac-
tion unless supplemental means are employed to mitigate the 
cause of the cracks.
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8.4—Corrosion and deterioration of reinforcement 
and metallic embedments

8.4.1 The corrosion and deterioration of reinforcement 
and embedded components shall be considered in the dura-
bility design. Repairs shall not contain intentionally-added 
constituents that are corrosive to reinforcement within the 
repair area.

8.4.2 The impact on the design service life of the repaired 
structure shall be considered if it is anticipated that corrosion 
products cannot be removed from the reinforcement during 
repair.

8.4.3 The quality of existing concrete and its ability to 
protect reinforcement from corrosion, fire and other forms 
of damage and deterioration shall be considered.

8.4.4 Galvanic corrosion between electrochemically 
dissimilar materials shall be considered.

R8.4—Corrosion and deterioration of 
reinforcement and metallic embedments

R8.4.1 Untreated reinforcement corrosion limits the life 
expectancy of repair areas, repair materials, and repaired 
structures. ICRI No. 310.1R provides guidelines on removal 
of damaged concrete and cleaning of reinforcement. Repairs 
that do not address reinforcement corrosion may negatively 
impact the design service life and require more intensive 
monitoring. The structural design considerations for corroding 
reinforcement on repairs are described in 7.6.3.1.

R8.4.2 Ideally corrosion products should be removed 
from reinforcement in repairs. In some situations, due to 
congestion of reinforcement, access limitations, load consid-
erations, or other factors, it is not possible to remove corro-
sion products from the steel reinforcement. Situations exist 
where corroding reinforcement that cannot be adequately 
cleaned or repaired will remain in the repaired structure. The 
effects of uncleaned reinforcement on the long-term dura-
bility of the repaired structure should be considered in these 
situations. Supplemental corrosion mitigation strategies may 
be needed in these situations.

R8.4.3 Water and chemical penetration into the concrete 
can cause corrosion of metallic embedments and damage to 
nonmetallic reinforcement.

The corrosion of embedded metals adjacent to the repair 
may be accelerated due to differing electrical potential 
between electrically continuous reinforcement in the repair 
area and external to the repair area. This form of corrosion is 
commonly referred to as the “anodic ring” or “halo effect,” 
and is discussed in ACI 364.3T, ACI 546R, and “ACI RAP 
Bulletin 8” (ACI Committee E706 2005). The rate of anodic 
ring corrosion depends upon the chloride content, internal 
relative humidity, and temperature.

The anodic ring effect, which may be induced by certain 
repairs, should be addressed by incorporating appropriate 
corrosion mitigation strategies such as cathodic protec-
tion or corrosion inhibitors. ACI 222R, ACI 222.3R, ACI 
364.3T, ACI 546R, and Technical Report 50 (The Concrete 
Society 1997) and FAQ sections from Concrete International 
(2002a,b,c) provide guidance for corrosion prevention, 
mitigation and inhibition. Both carbonation and chloride 
contamination may require consideration and are discussed 
in ACI 546R.

Aesthetics may be affected by different means of protec-
tion and may also require consideration. Damage due to fire 
and fire protection requirements are discussed in 7.9.

R8.4.4 Reinforcement or metallic embedments in the 
repair area with differing electrochemical potentials, envi-
ronments, or both, should be isolated from the existing rein-
forcement, or the existing reinforcement and metal embed-
ments should be protected to minimize galvanic corrosion. 
For example, rail or post-pocket repairs that use dissimilar 
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8.4.5 Corrosion protection of bonded and unbonded 
prestressing materials and prestressing system components 
shall be addressed during the repair design.

8.4.6 If electrochemical protection systems are used to 
protect steel reinforcement in repair areas and structures, 
the interaction of the protection system with the repaired 
elements, the entire structure, and environment shall be 
considered.

8.4.7 Repair materials and reinforcement shall be selected 
and detailed to be compatible such that the characteristics 
of each material do not adversely affect the durability of the 
other materials or of the existing concrete and reinforcement.

metals from conventional steel reinforcement could accel-
erate the deterioration of the installation (refer to ACI 222R).

R8.4.5 The presence of prestressing force in the steel and 
the need to transfer the prestressing force into the concrete 
makes corrosion damage in prestressed concrete members 
more critical than traditionally reinforced structures (refer to 
ACI 423.4R). Section 7.6.4 addresses the structural require-
ments for the repair.

The bonded or unbonded nature of the prestressing steel, 
the condition of the steel at the repair area, the attachment of 
the steel to the structure, the as-designed corrosion protection 
measures, the existing corrosion condition, the prestressing 
steel sheathing type and its risk for gaps and breaches that 
provide transmission pathways for contaminants, and the 
continuity of the prestressing steel need to be considered to 
address corrosion protection of the structure. Refer to PTI 
DC80.3-12/ICRI 320.6 and ACI 222.2R.

Hydrodemolition and other types of material removal 
methods should be used cautiously if the structure contains 
unbonded prestressing steel reinforcement. In these situa-
tions, water can be introduced into the sheathing surrounding 
the steel (refer to ICRI No. 310.3), affecting the long-term 
durability of the prestressing steel reinforcement.

R8.4.6 Structures using impressed current electrochem-
ical protection or mitigation systems should have continuous 
reinforcement, separate zones, or provisions should be made 
to make the steel electrically continuous. Impressed current 
electrochemical protection systems should be designed and 
maintained to not promote an alkali-aggregate reaction 
(AAR) and to avoid embrittlement of prestressing steel.

Impressed current electrochemical protection systems 
should include a monitoring and maintenance plan devel-
oped by a licensed design professional specializing in the 
design of corrosion protection systems (refer to NACE 
01101, NACE 01102, NACE 01104, NACE 01105, NACE 
SP0107, NACE SP0290, and NACE SP0390).

R8.4.7 Incompatibilities can arise from the use of inap-
propriate materials or components, or dissimilar electro-
chemical characteristics or physical properties, which can 
negatively impact the concrete and reinforcement. Some 
examples include:

(a) In certain situations such as exposure to high tempera-
tures, polyvinyl chloride (PVC) and other polymer-based 
materials can deteriorate, releasing decomposition products 
found to cause corrosion.

(b) Even if the conventional steel reinforcement becomes 
more noble in electrical contact with a dissimilar metal (for 
example, embedded aluminum conduit in the presence of 
chlorides), considerable concrete damage can arise (Monfore 
and Ost 1965).

(c) Fiber-reinforced polymer (FRP) wrapping should not be 
used as a corrosion repair strategy on members experiencing 
corrosion of embedded reinforcement, unless the concrete is 
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8.5—Surface treatments and coatings
8.5.1 Moisture transmission through the structure and the 

influence of the surface treatment on the durability of the 
structure shall be considered.

8.5.2 The selection of surface treatments applied to 
concrete surfaces shall consider the impact of abrasion, 
concrete cracks and their anticipated expansion and contrac-
tion, and anticipated movement of the structure on the repair 
system durability, the surface treatment, and the anticipated 
design service life of the structure.

repaired and corrosion mitigated. Appropriate sections within 
this code and referenced documents concerning FRP repairs 
should be consulted (refer to ACI 440.2R).

R8.5—Surface treatments and coatings
R8.5.1 Surface treatments, coatings, sealers, or membranes 

are commonly used to limit the ingress of deleterious mate-
rials and moisture into the structure to reduce future deterio-
ration of the structure. Surface treatments, coatings, sealers, 
and membranes may have a shorter service life than the 
concrete and can be considered as consumable or requiring 
periodic replacement or repair to maintain effective protec-
tion of the concrete (ACI 515.1R).

In some situations, encapsulation of moisture and dele-
terious materials by a surface treatment has been found 
to cause or accelerate deterioration. The condition of the 
concrete should be appropriate to receive a specific surface 
treatment, coating, or membrane (ICRI No. 310.2R).

R8.5.2 Crack development and propagation provide an 
accelerated mechanism for ingress of moisture and delete-
rious materials and may also cause a surface treatment to 
become ineffective.
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CHAPTER 9—CONSTRUCTION

9.1—General
Construction documents shall specify that:
(a) The contractor has the responsibility to construct the 

project in accordance with the construction documents and 
with appropriate standards.

(b) The contractor has the responsibility to provide the 
necessary resources and access for inspection, testing, field 
observations, and quality control of the work.

(c) Specific temporary shoring and bracing requirements 
in accordance with Section 9.2.

(d) Specific jacking requirements.
(e) Project-specific inspection, testing, and construction 

observation requirements of Chapter 10.

9.2—Stability and temporary shoring requirements
9.2.1 Construction documents shall specify:
(a) Portions of the work that require temporary shoring 

and bracing during the period before the repair implementa-
tion for safety purposes and during construction

(b) Design loads and necessary spacing limitations for 
design of temporary shoring and bracing

(c) Contractor responsibilities to install, provide quality 
control, and properly maintain the temporary shoring and 
bracing

9.2.2 Temporary shoring and bracing design shall consider:
(a) Accommodation for in-place conditions and changes 

in conditions over the period of the repair phases, per 9.2.7
(b) Effects from measured lateral and vertical displace-

ments, tilting or listing, secondary effects, and superimposed 
loads

(c) Impact of the temporary shoring and bracing on the 
structure

(d) Effects of deformation compatibility of the shoring 
system with the supported and supporting structural 
members and systems, in accordance with 9.2.6

(e) Structural stability of members, systems, and the struc-
ture in accordance with 9.2.5 and 9.2.6

(f) Effects of damage or deterioration of existing members 
and systems in accordance with 9.2.8

9.2.3 Shoring and bracing design shall be performed by a 
licensed design professional.

R9—CONSTRUCTION

R9.1—General
The information to be presented in construction docu-

ments is described in 1.6.1. Specific to the construction 
process, the construction documents should indicate that the 
contractor is responsible for construction consistent with the 
project plans and specifications, and convey project specific 
shoring, bracing and jacking requirements. During the work, 
the contractor should make the work available for inspection 
and observations by the licensed design professional, repair 
inspectors, and other quality assurance personnel.

R9.2—Stability and temporary shoring requirements
R9.2.1 Project-specific design criteria for the temporary 

shoring and bracing in the construction documents should 
include requirements for loading, displacement limits, 
spacing, placement, and quality control during construction. 
ACI 563 provides specifications for shoring of repairs.

R9.2.2 Temporary shoring and bracing members should be 
designed to consider changes in bracing and shoring condi-
tions during repair construction and as required to support 
construction operations. Design of temporary shoring and 
bracing members should be based on the in-place loads on 
the structure, deformations of the structure, and anticipated 
superimposed loads during construction. Secondary effects 
that may need to be examined in shoring and bracing design 
include geometric and material nonlinear response, member 
and foundation displacement, and internal member forces 
developed due to placement and alignment of shoring and 
bracing elements.

Anticipated loads, such as snow, seismic, wind, and 
construction and occupancy live loads, should be considered 
in the design criteria of the temporary shoring and bracing. 
Design requirements for shoring are contained in ASCE/SEI 
37. Shoring design guidelines are contained in AISC Steel 
Design Guide Series 10 (Fisher and West 2003) and ACI 
SP-4.

R9.2.3 Shoring and bracing design is not usually performed 
by the licensed design professional of record for the repair 
design. The contractor will usually retain a specialty engi-
neer to prepare the temporary shoring design details and 
shoring-plans, showing loads, member type, spacing, and 
placement sequence for temporary shores and braces at the 
phases of planned repairs.
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9.2.4 The licensed design professional for the repair 
design shall review temporary shoring and bracing design 
and details for compliance with the requirements of the 
project repair design and the temporary shoring and bracing 
criteria.

9.2.5 The shoring and bracing shall maintain the global 
structural stability of the structure before remedial construc-
tion and during the repair phases.

9.2.6 The shoring and temporary bracing shall main-
tain the structural stability of members and systems before 
construction and during the repair phases.

The lateral forces for temporary bracing design shall be 
determined using generally accepted engineering principles 
or as required by the design-basis code. Temporary shoring 
and bracing shall be designed to provide sufficient stiffness 
to prevent vertical and lateral displacement of the shored 
or braced members in excess of limits specified by the 
licensed design professional for the repair in the construc-
tion documents.

9.2.7 The design of shoring and bracing members shall 
accommodate in-place conditions and changes in conditions 
during construction. The design shall, at a minimum, include 
consideration of (a) the changes in load paths, (b) construction 
loads, (c) unbraced lengths, and (d) the redistribution of loads 
and internal forces that result from removal of existing adjacent 
framing or changes in applied loads on structural members.

R9.2.4 Temporary shoring and bracing design and instal-
lation details should be reviewed by the licensed design 
professional for the repair project to assess the impact of the 
shoring on the structure, and to verify conformance of the 
proposed shoring with project-specific requirements. Refer 
to 5.1.4 for load requirements associated with shoring and 
temporary construction. Review of the shoring design by 
the licensed design professional for the repair design does 
not normally include a comprehensive review of the shoring 
design prepared by the specialty engineer and should not be 
considered a validation of the specialty engineer’s design.

R9.2.5 The assessment of global structural stability 
includes the overall structure, members and systems 
affected by repair, and temporary lateral bracing elements 
that contribute to overall stability. Stability of these elements 
should be considered during the phases of the repair process. 
Temporary measures may be needed to provide lateral 
bracing and shoring of affected members and systems. If 
necessary, the criteria to temporarily preload members 
should be included in the construction documents. Review 
and redesign for variations in the construction proposed 
by the contractor with changes in temporary shoring and 
bracing design and detailing should be addressed in the 
construction documents.

The licensed design professional should be aware that 
compression-controlled columns with high axial loads in a 
structure with substantial structural damage may behave in 
a brittle manner, with little warning prior to localized failure 
or possible progressive collapse. Therefore, caution should 
be taken in the design and installation sequence for stabiliza-
tion measures in these situations.

R9.2.6 Supplemental bracing for compression members 
may be required if the cross section or unbraced length of a 
compression member is modified during the repair process. 
Compression members include columns, walls, beam flanges, 
and other members, such as chords or diaphragms that 
resist compressive loads. The design of bracing members is 
described in various publications (AISC 2006; ANSI/AF&PA 
NDS 2014). The design load for a bracing member should 
be based on the existing dead and live loads, construction 
loads, and other loads that may be resisted by the compression 
member. A lateral force of 2 percent of the axial load in the 
member being braced is commonly used as a minimum load 
in the design of bracing members (ANSI/AISC 360-10).

R9.2.7 Removal of column, beam, wall, and floor slab 
elements or parts thereof during repair construction and the 
placement of shoring and bracing can result in the redistri-
bution of loads and internal forces within the building struc-
ture. The removal of framing members, diaphragms, or slabs 
can also affect the unbraced length of the framing members 
in the removal area. Effects of the removal of elements 
should be considered in assessing the structure and shoring 
and bracing design.
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9.2.8 Where structural members are required to support the 
structure and superimposed loads before repair and during 
construction, the structural capacity of damaged or dete-
riorated members shall be evaluated. The evaluation shall 
consider the actual cross section of the member and rein-
forcing at the time of the repair including losses of capacity 
due to damage and deterioration. Structural members that 
require temporary shoring and bracing to be installed and 
maintained in place during construction until the member 
is repaired shall be identified on the construction drawings.

9.3—Temporary conditions
9.3.1 Load and load factors used during the assessment 

and construction processes shall be in accordance with 5.1.4.

9.4—Environmental issues
9.4.1 Construction documents shall specify the contractor or 

other designated party is responsible for implementing envi-
ronmental remediation measures, reporting new conditions 
encountered, and controlling construction debris, including 
environmentally hazardous materials and conditions.

R9.2.8 Design of shoring and bracing members and the 
evaluation of members should be based on the member cross 
sections before and during the time of repair implementa-
tion. To account for unknown conditions, the evaluation by 
the licensed design professional should consider the impor-
tance of the member to the overall stability of the structure.

R9.3—Temporary conditions
R9.3.1 During the assessment and repair process, a 

temporary reduction in design load may be allowed, except 
if prohibited by authorities having jurisdiction or local 
building codes. Reduction in the design load intensity should 
be determined using the in-place condition of the structure 
and the time required for the completion of stabilization 
measures or repairs. ASCE/SEI 37 provides information on 
reductions in loads based upon the duration of a project. If 
a change in the length of the project or a delay occurs, the 
reduced design loads may no longer be appropriate.

R9.4—Environmental issues
R9.4.1 Assessment and repair of a structure can result 

in the exposure of workers and the public to potentially 
hazardous materials and conditions. Hazardous materials 
may be exposed, dislodged, carried into the air, or discharged 
as effluent into surface drainage during the assessment and 
repair process. Hazardous conditions include noise, nuisance 
dust, misdirected drainage, and falling debris. The Owner 
should have an environmental assessment performed during 
the structural assessment and repair process in the areas to 
be repaired before any work to identify hazardous materials 
with the potential to present health issues to the workers and 
public, unless the Owner can attest that the structure is free 
of hazardous materials.

During the repair project, the contractor normally is 
responsible for the implementation of repairs and, accord-
ingly, the control of construction debris, dust, and other 
materials. Any new conditions uncovered during the repair 
process should be reported to the Owner and licensed design 
professional.
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CHAPTER 10—QUALITY ASSURANCE

10.1—General
10.1.1 Quality assurance requirements of this chapter 

supplement the current and existing-building code provisions 
and shall be used for repair and rehabilitation construction.

10.2—Inspection
10.2.1 Concrete repair and rehabilitation construction 

shall be inspected as required by the building code and 
construction documents.

10.2.2 The construction documents shall include testing 
and inspection requirements applicable to the project.

R10—QUALITY ASSURANCE

R10.1—General
R10.1.1 The construction documents for repair and reha-

bilitation projects should include a project-specific quality 
assurance and inspection program. The quality assurance 
program should include:

(a) Review of the contractor’s quality assurance program
(b) Quality control procedures during the repair process
(c) Review of conditions during the project
(d) Testing of materials used and material installation 

procedures
Usually, the quality control requirements are specified in 

the construction documents and the Owner retains the quality 
control personnel. The contractor is responsible for the work 
quality, including the quality of materials and workmanship.

R10.2—Inspection
R10.2.1 The quality of concrete repairs is largely depen-

dent upon the workmanship during construction. Inspec-
tion is necessary to verify repairs and rehabilitation work 
are completed in accordance with construction documents. 
Most general building codes require special inspections for 
construction, which were developed for new construction. 
Typical repair construction is different from new construc-
tion in scope, and new construction testing requirements may 
not be sufficient for repair construction. Construction docu-
ments should specify inspection requirements for concrete 
repair and rehabilitation construction during the various 
work stages. The licensed design professional should recom-
mend that the Owner retain a licensed design professional, a 
qualified inspector, a qualified individual, or some combina-
tion thereof for the necessary inspections.

R10.2.2 Required testing and inspections may include (a) 
through (j):

(a) Delivery, placement, and testing reports documenting 
the identity, quantity, location of placement, repair materials 
tests, and other tests as required

(b) Construction and removal of forms and reshoring
(c) Concrete removal and surface preparation of the 

concrete and reinforcement
(d) Placing of reinforcement and anchors
(e) Mixing, placing, and curing of repair materials
(f) Sequence of erection and connection of new members
(g) Tensioning of tendons
(h) Review and reporting of construction loads on floors, 

beams, columns, and walls
(i) General progress of work
(j) Installation and testing of post-installed anchors
Inspection and test results should be submitted to the 

licensed design professional and the Owner.
Repair construction should be inspected to verify the 

quality of materials, quality of workmanship, and for 
compliance with the intent of the construction documents. 
Inspection should be provided by either repair inspectors, 
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the licensed design professional, or a combination of repair 
inspectors and the licensed design professional. Respon-
sibilities for performing the inspections should be clearly 
delineated at the start of a project.

Repair inspector qualifications for inspection of concrete 
repairs should be demonstrated by certification or previous 
work history and as required by the authority having juris-
diction before being retained. An individual who has been 
certified as an ICRI Concrete Surface Repair Testing Techni-
cian (ICRI CRST) or as an ACI Construction Inspector (ACI 
C630) are examples of qualified inspectors. The licensed 
design professional may provide inspection services.

Inspection of concrete repair construction as specified 
in the construction documents should include review of 
the work in the field, review of construction documents, 
comparison of the work with construction documents, docu-
mentation and report of the work inspected as conforming 
or nonconforming, and whether corrections were made and 
verified or are still needed. Inspection and testing of post-
installed anchor installation should be performed as required 
by the construction documents and in accordance with 
Chapters 17 and 26 of ACI 318-14.

Repair inspections should determine compliance with the 
intent of the contract documents, document the inspection, 
and report the inspection results. If the inspection shows 
conformance with the contract documents and no correc-
tions are necessary, then the inspected work should be docu-
mented as conforming and reported to the licensed design 
professional and contractor, noting no corrections. If the 
inspection shows readily correctable issues and the issues are 
corrected by the contractor, then the inspected work should 
be documented as conforming and reported to the licensed 
design professional, Owner, and contractor with corrections 
noted and verified as completed. Nonconforming or deficient 
components, processes, and procedures including the parts 
of the repairs not passing inspection should be reported to 
the licensed design professional for review. Actions should 
be made to correct the process before resuming the repair 
construction and inspection process. Nonconforming repair 
construction may include:

(a) Existing construction that differs from the repair 
documents

(b) Deterioration, distress, or levels of distress beyond 
those anticipated in the design of repairs

(c) Deficiencies in repair components
(d) Deficiencies in construction processes and procedures
Material data sheets indicate the manufacturer’s stated 

material properties that should satisfy the required proper-
ties of each specific repair. The manufacturing date and shelf 
life of the repair material provide information that the mate-
rial is within the manufacturer’s recommended time limits 
for installation.

Existing conditions describe the nature and extent of 
damage or deterioration, and size and condition of the 
members. Those conditions need to be verified for confor-
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10.2.3 The construction documents shall establish inspec-
tion requirements of existing conditions and reinforcement 
that need to occur before concealing with materials that 
obscure visual inspection.

10.3—Testing of repair materials
10.3.1 Repair material tests and test frequencies shall be 

specified in the construction documents. Results of tests 
shall be reported as required by the construction documents 
and the design-basis code. Test records shall be retained by 
the testing agency as required by the design-basis code.

mance to the design assumptions. The following are some 
items where inspections are beneficial:

(a) Location of repairs
(b) Surface preparation of existing concrete and 

reinforcement
(c) Placement of reinforcement and anchors
(d) Specific materials used in the repairs
(e) Delivery, placement, and testing reports documenting 

the quantity and location of placement, repair material tests, 
strength, and other tests of all repair materials

(f) Construction and removal of forms and shoring
(g) Mixing, placing, and curing of repair materials
(h) Sequence of repair construction
(i) Tensioning of tendons
(j) Construction loads
(k) General progresses of the repair work

R10.2.3 Removal of deteriorated concrete and reinforce-
ment often uncovers unanticipated conditions that should 
be examined. Visual inspection and verification of existing 
conditions may require review of project specific conditions 
before continuing the construction process and thus require 
pauses in the construction processes so as not to conceal 
components of the work before completing necessary 
inspections and verifications. If unanticipated conditions are 
identified by the repair inspector, the licensed design profes-
sional should be informed. The licensed design profes-
sional should examine these conditions and determine what 
measures are to be implemented before placement of new 
repair materials. The construction documents should specify 
the locations where inspection is necessary before conceal-
ment and provide for possible changes in these locations due 
to unforeseen conditions. In some projects, all locations will 
not need to be inspected and representative locations will 
provide suitable inspection.

R10.3—Testing of repair materials
R10.3.1 Tests of repair materials should comply with 

testing and test frequency of new concrete construction, 
unless otherwise specified in the contract documents and 
approved by the authority having jurisdiction. It is generally 
not practical to verify all manufacturers’ listed properties of 
proprietary materials, such as shrinkage, compressive and 
tensile creep, thermal expansion coefficient, and modulus 
of elasticity. In such cases, the licensed design professional 
should seek independent testing data from the manufacturer 
or others to verify specific manufacturer’s listed proper-
ties that are critical to the application for the specific lots 
(or batches) of material to be used. The licensed design 
professional should evaluate the data and, if necessary, have 
manufacturers perform testing to confirm that their mate-
rial achieves the published values that they provided for the 
project. Refer to ACI 546.3R and ICRI No. 320.2R for guid-
ance. Tests of repair materials’ bond to existing materials 
should comply with requirements of the contract documents.

American Concrete Institute Copyrighted Material—www.concrete.org

 CODE REQUIREMENTS FOR ASSESSMENT, REPAIR, AND REHABILITATION OF EXISTING CONCRETE STRUCTURES (ACI 562-19) 75

CODE COMMENTARY



10.4—Construction observations
10.4.1 Construction observation shall be performed as 

required by the authority having jurisdiction and construc-
tion documents.

Concrete repair materials testing personnel should be 
qualified by demonstrating competence to the satisfaction of 
the licensed design professional and building code official 
for testing types required of concrete repair and rehabilita-
tion work.

As a minimum level of record keeping, the testing agency 
should maintain a record of the tests performed and the results 
consistent with the requirements for records in ASTM E329.

R10.4—Construction observations
R10.4.1 A primary purpose of construction observa-

tion of rehabilitation work is to verify that the exposed 
existing construction is as assumed in the design and that 
the work detailed in the contract documents will fulfill the 
design intent. Construction observations are in addition to 
the inspection requirements described in 10.2. Construction 
observations should be performed by the licensed design 
professional that designed the work or other designated 
representative to provide these services.

If the existing construction differs from the design assump-
tions, requiring modification of the design, changes should 
be documented and the work modified as necessary. The 
licensed design professional or designated person respon-
sible for construction observations should report design 
changes in writing to the Owner, rehabilitation inspector, 
contractor, and authority having jurisdiction resulting from 
existing construction, nonconforming rehabilitation work, 
and observed construction deficiencies. When construction 
observations are made by a party designated by the licensed 
design professional, design changes (construction devia-
tions from the repair design) should also be reported to the 
licensed design professional. Revised design or construc-
tion work necessary to correct these deficiencies, and the 
construction corrections, should also be observed.
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CHAPTER 11—COMMENTARY REFERENCES

American Association of State Highway Transportation 
Officials

AASHTO FRPS-1-UL—Guide Specifications for Design 
of Bonded FRP Systems for Repair and Strengthening of 
Concrete Bridge Elements, first edition

AASHTO T 260-97 (2011)—Standard Method of Test 
for Sampling and Testing for Chloride Ion in Concrete and 
Concrete Raw Materials

American Concrete Institute
ACI 117.1R-14—Guide for Tolerance Compatibility in 

Concrete Construction
ACI 201.1R-08—Guide for Conducting a Visual Inspec-

tion of Concrete in Service
ACI 201.2R-08—Guide to Durable Concrete
ACI 209R-92—Prediction of Creep, Shrinkage, and 

Temperature Effects in Concrete Structures
ACI 209.1R-05—Report on Factors Affecting Shrinkage 

and Creep of Hardened Concrete
ACI 214.4R-10—Guide for Obtaining Cores and Inter-

preting Compressive Strength Results
ACI 216.1-14—Code Requirements for Determining 

Fire Resistance of Concrete and Masonry Construction 
Assemblies

ACI 221.1R-98—Report on Alkali-Aggregate Reactivity 
ACI 222R-01—Protection of Metals in Concrete against 

Corrosion
ACI 222.2R-14—Corrosion of Prestressing Steels
ACI 222.3R-11—Design and Construction Practices to 

Mitigate Corrosion of Reinforcement in Concrete Structures
ACI 224R-01—Control of Cracking in Concrete Structures
ACI 224.1R-07—Causes, Evaluation, and Repair of 

Cracks in Concrete Structures
ACI 228.1R-03—In-Place Methods to Estimate Concrete 

Strength
ACI 228.2R-98—Nondestructive Test Methods for Evalu-

ation of Concrete in Structures
ACI 301-10—Specifications for Structural Concrete
ACI 318-63—Building Code Requirements for Rein-

forced Concrete
ACI 318-14—Building Code Requirements for Structural 

Concrete and Commentary
ACI 318-19—Building Code Requirements for Structural 

Concrete and Commentary
ACI 355.2-07—Qualification of Post-Installed Mechan-

ical Anchors in Concrete and Commentary
ACI 355.4-11—Qualification of Post-Installed Adhesive 

Anchors in Concrete and Commentary
ACI 364.1R-07—Guide for Evaluation of Concrete Struc-

tures before Rehabilitation
ACI 364.3T-14—Treatment of Exposed Epoxy-Coated 

Reinforcement in Repair
ACI 364.10T-14—Rehabilitation of Structure with Rein-

forcement Section Loss (TechNote)
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ACI 364.11T-15—Managing Alkali-Aggregate Reaction 
Expansion in Mass Concrete

ACI 365.1R-00—Service-Life Prediction
ACI 369R-11—Guide for Seismic Rehabilitation of 

Existing Concrete Frame Buildings and Commentary
ACI 423.4R-14—Corrosion and Repair of Unbonded 

Single-Strand Tendons
ACI 437R-03—Strength Evaluation of Existing Concrete 

Buildings
ACI 437.1R-07—Load Tests of Concrete Structures: 

Methods, Magnitude, Protocols, and Acceptance Criteria
ACI 437.2-13—Code Requirements for Load Testing of 

Existing Concrete Structures and Commentary
ACI 440R-07—Report on Fiber-Reinforced Polymer 

(FRP) Reinforcement for Concrete Structures
ACI 440.1R-15—Guide for the Design and Construction 

of Structural Concrete Reinforced with FRP Bars.
ACI 440.2R-08—Guide for the Design and Construc-

tion of Externally Bonded FRP Systems for Strengthening 
Concrete Structures

ACI 440.4R-04—Prestressing Concrete Structures with 
FRP Tendons

ACI 440.7R-10—Guide for the Design and Construction 
of Externally Bonded Fiber-Reinforced Polymer Systems 
for Strengthening Unreinforced Masonry Structures

ACI 503R-93—Use of Epoxy Compounds with Concrete
ACI 503.5R-92—Guide for the Selection of Polymer 

Adhesives in Concrete
ACI 503.6R-97—Guide for Application of Epoxy and 

Latex Adhesives for Bonding Freshly Mixed and Hardened 
Concrete

ACI 503.7-07—Specification for Crack Repair by Epoxy 
Injection

ACI 506R-16—Guide to Shotcrete
ACI 515.1R-79 (Revised 1985)—A Guide to the Use of 

Waterproofing, Dampproofing, Protective, and Decorative 
Barrier Systems for Concrete

ACI 515.2R-13—Guide to Selecting Protective Treat-
ments for Concrete

ACI 546R-14—Concrete Repair Guide
ACI 546.3R-14—Guide for the Selection of Materials for 

the Repair of Concrete
ACI 548.1R-09—Guide to the Use of Polymers in 

Concrete
ACI 549.1R-13—Guide to Design and Construction of 

Externally Bonded Fabric-Reinforced Cementitious Matrix 
Systems

ACI 563-18—Specifications for Concrete Repair
ACI C630—Construction Inspector Certification
ACI SP-4—Formwork for Concrete, eighth edition
ACI SP-66-04—ACI Detailing Manual
Concrete Construction Special Inspector

American Institute of Steel Construction
AISC 2006—Standard for Steel Building Structures
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ANSI/AISC 360-10—Specification for Structural Steel 
Buildings

American Society of Civil Engineers
ASCE/SEI 7-05—Minimum Design Loads for Buildings 

and Other Structures
ASCE/SEI 7-10—Minimum Design Loads for Buildings 

and Other Structures
ASCE/SEI 7-16—Minimum Design Loads for Buildings 

and Other Structures
ASCE/SEI 11-99—Guideline for Structural Condition 

Assessment of Existing Buildings
ASCE/SEI 37-14—Design Loads on Structures during 

Construction
ASCE/SEI 41-17—Seismic Evaluation and Retrofit of 

Existing Buildings
ASCE/SEI/SFPE 29-05—Standard Calculation Methods 

for Structural Fire Protection ANSI/AF&PA NDS-2014—
National Design Specification (NDS) for Wood Construction

Applied Technology Council
ATC-20-19—Field Manual: Post-Earthquake Safety Eval-

uation of Buildings
ATC-45-04—Field Manual: Safety Evaluation of Build-

ings after Windstorms and Floods
ATC-58—Seismic Performance Assessment of Buildings
ATC-78—Project Mitigation of Nonductile Concrete 

Buildings
ATC-78-1—Evaluation of the Methodology to Select and 

Prioritize Collapse Indicators in Older Concrete Buildings

ASTM International
ASTM C42/C42M-13—Standard Test Method for Obtaining 

and Testing Drilled Cores and Sawed Beams of Concrete
ASTM C882/C882M-13—Standard Test Method for 

Bond Strength of Epoxy-Resin Systems Used with Concrete 
by Slant Shear

ASTM C1152/C1152M-04(2012)—Standard Test Method 
for Acid-Soluble Chloride in Mortar and Concrete

ASTM C1218/C1218M-99(2008)—Standard Test Method 
for Water-Soluble Chloride in Mortar and Concrete

ASTM C1583/C1583M-13—Standard Test Method for 
Tensile Strength of Concrete Surfaces and the Bond Strength 
or Tensile Strength of Concrete Repair and Overlay Mate-
rials by Direct Tension (Pull-off Method)

ASTM D4263-83(2012)—Standard Test Method for Indi-
cating Moisture in Concrete by the Plastic Sheet Method

ASTM D4580/D4580M-12(2018)—Standard Practice for 
Measuring Delaminations in Concrete Bridge Decks by Sounding

ASTM D7522/D7522M-09—Standard Test Method for 
Pull-Off Strength for FRP Bonded to Concrete Substrate

ASTM E84-15—Standard Test Method for Surface 
Burning Characteristics of Building Materials

ASTM E119-14a—Standard Test Methods for Fire Tests 
of Building Construction and Materials
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ASTM E329-13a—Standard Specification for Agencies 
Engaged in Construction Inspection, Testing, or Special 
Inspection

ASTM F1869-11—Standard Test Method for Measuring 
Moisture Vapor Emission Rate of Concrete Subfloor Using 
Anhydrous Calcium Chloride

ASTM F2170-11—Standard Test Method for Deter-
mining Relative Humidity in Concrete Floor Slabs Using in 
situ Probes

ASTM F2420-05—Standard Test Method for Determining 
Relative Humidity on the Surface of Concrete Floor Slabs 
Using Relative Probe Measurement and Insulated Hood

CSA Group
CAN/CSA S6-14—Canadian Highway Bridge Design 

Code and Commentary

Concrete Reinforcing Steel Institute
CRSI:2014—Vintage Steel Reinforcement in Concrete 

Structures

Federal Emergency Management Agency
FEMA P-58—Seismic Performance Assessment of Build-

ings: Volume 1 & 2
FEMA P-695—Quantification of Building Seismic Perfor-

mance Factors
FEMA 306—Evaluation of Earthquake Damaged Concrete 

and Masonry Wall Buildings: Basic Procedures Manual
FEMA 307—Evaluation of Earthquake Damaged 

Concrete and Masonry Wall Buildings: Technical Resources
FEMA 308—Repair of Earthquake Damaged Concrete 

and Masonry Wall Buildings
FEMA 395—FEMA Risk Assessment Database
FEMA 396—Risk Management Series: Incremental 

Seismic Rehabilitation of Hospital Buildings
FEMA 397—Risk Management Series: Incremental 

Seismic Rehabilitation of Office Buildings
FEMA 398—Risk Management Series: Incremental 

Seismic Rehabilitation of Multifamily Apartment Buildings: 
Providing Protection to People and Buildings

FEMA 399—Risk Management Series: Incremental 
Seismic Rehabilitation of Retail Buildings: Providing 
Protection to People and Buildings

FEMA 400—Risk Management Series: Incremental 
Seismic Rehabilitation of Hotel and Motel Buildings

FEMA 547—Techniques for the Seismic Rehabilitation of 
Existing Buildings

FEMA P-154—Rapid Visual Screen of Buildings for 
Potential Seismic Hazards: A Handbook, third edition

fib
fib Bulletin 10—Bond of Reinforcement in Concrete

International Code Council
IBC—International Building Code
IEBC—International Existing Building Code
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International Concrete Repair Institute
ICRI No. 210.2-02—Guideline for the Evaluation of 

Unbonded Post-Tensioned Concrete Structures
ICRI No. 210.3-13—Guide for Using In-Situ Tensile Pull-

Off Tests to Evaluate Bond of Concrete Surface Materials
ICRI No. 210.4-09—Guide for Nondestructive Evalua-

tion Methods for Condition Assessment, Repair, and Perfor-
mance Monitoring of Concrete Structures

ICRI No. 310.1R-08—Guide for Surface Preparation for 
the Repair of Deteriorated Concrete Resulting from Rein-
forcing Steel Corrosion

ICRI No. 310.2R-13—Selecting and Specifying Concrete 
Surface Preparation for Sealers, Coatings, and Polymer 
Overlays

ICRI No. 310.3-14—Guide for the Preparation of Concrete 
Surfaces for Repair Using Hydrodemolition Methods

ICRI No. 320.2R-09—Guide for Selecting and Specifying 
Materials for Repair of Concrete Surfaces

ICRI No. 320.3R-12—Guideline for Inorganic Repair 
Material Data Sheet Protocol

ICRI No. 330.1-06—Guideline for the Selection of 
Strengthening Systems for Concrete Structures

ICRI No. 340.1-06—Guideline for the Selection of Grouts 
to Control Leakage in Concrete Structures

ICRI Concrete Surface Repair Technician

NACE International
NACE 01101—Electrochemical Chloride Extraction from 

Steel-Reinforced Concrete—A State-of-the-Art Report
NACE 01102-02—State-of-the-Art Report: Criteria for 

Cathodic Protection of Prestressed Concrete Structures
NACE 01104—Electrochemical Realkalization of Steel-

Reinforced Concrete—A State-of-the-Art Report
NACE 01105-05—Sacrificial Cathodic Protection of 

Reinforced Concrete Elements—A State-of-the-Art Report
NACE SP0107-07—Electrochemical Realkalization and 

Chloride Extraction for Reinforced Concrete
NACE SP0290-2007—Standard Recommended Prac-

tice—Cathodic Protection of Reinforcing Steel in Atmo-
spherically Exposed Concrete Structures.

NACE SP0390-09 (formerly RP0390)—Maintenance 
and Rehabilitation Considerations for Corrosion Control 
of Atmospherically Exposed Existing Steel-Reinforced 
Concrete Structures

National Parking Association
Parking Facility Maintenance Manual, 5th Edition 

published by the National Parking Association.

Post-Tensioning Institute
PTI DC80.2-10—Guide for Creating Openings and Pene-

trations in Existing Slabs with Unbonded Post-Tensioning
PTI DC80.3-12/ICRI 320.6—Guide for Evaluation and 

Repair of Unbonded Post-Tensioned Concrete Structures
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Authored documents
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RA—CRITERIA AS A STAND-ALONE CODE

RA.1—General
RA.1.1 This Appendix is used when this code including this 

Appendix has been adopted for existing concrete structures as 
a stand-alone code without the use of the IEBC. This Appendix 
may be used to supplement provisions of Chapter 34 in 2012 
and previous versions of the IBC. This Appendix provides 
provisions that are similar to those found in Chapter 4. The 
Appendix A text, compared to Chapter 4, has been modified to 
allow use independent of the IEBC. 

RA.2—Design-basis code criteria

RA.2.2 Structures constructed under previously adopted 
codes or before the adoption of a building code may 
not satisfy all current building code requirements. This 
Appendix contains specific requirements that determine if 
existing structures should be repaired, rehabilitated, or retro-
fitted to satisfy the requirements of the original or the current 
building code as the design-basis code. Local ordinances 
may also require that a structure be rehabilitated to satisfy 
the current codes. Throughout an existing structure, the 
design-basis code should not change. These requirements 
should be reviewed at the start of a project.

In the absence of mandatory local ordinances, the 
licensed design professional should determine if assess-
ment of seismic resistance and repairs or strengthening 
retrofits of the member, system, or structure of the work 
area in an existing concrete structure are necessary using 
this Appendix. Section A.3.3 provides minimum assessment 
criteria for potentially hazardous seismic conditions. Provi-
sions of ASCE/SEI 41 may not be applicable to nonbuilding 
structures being assessed.

RA.2.2.1 Most current building codes, such as those based 
on the IBC, provide acceptable safety based on consistent 
statistical probabilities. When using the current building 
code the resulting demand/capacity ratios provide the limits 
that should not be exceeded if assessing and designing 
remedial construction. Refer to Section R1.2.4.3.1 for addi-
tional commentary on the use of current building code as the 
design-basis code.

RA.2.3 Unless the local jurisdiction provides more restric-
tive requirements, this Appendix should be used to determine 
the assessment and design-basis criteria for the work catego-
ries of A.3 through A.9 and as summarized in Table A.2.3.

APPENDIX A—CRITERIA AS A STAND-ALONE CODE

A.1—General
A.1.1 This Appendix shall apply if a jurisdiction has 

adopted this code including this Appendix by reference, but 
has not been adopted by the IEBC. When this Appendix is 
used, Chapter 4 shall not apply.

A.2—Design-basis code criteria
A.2.1 Unless prohibited by the authority having jurisdic-

tion, the design-basis code criteria of the project shall be 
based on requirements set forth in this Appendix.

A.2.2 The design-basis code criteria of the project shall 
be determined based upon the results of the preliminary 
assessment (1.7) and the detailed assessment (Chapter 6), if 
performed, using the requirements set forth in this Appendix. 
The design-basis code criteria shall be used consistently for 
all assessment and repair, rehabilitation, and retrofit design 
in the work area or areas of the structure, excluding other 
options.

A.2.2.1 It shall be permitted to use the current building 
code in lieu of the orginal building code as the design-
basis code for all damage states, deterioration, and faulty 
construction.

A.2.3 It shall be permitted to use this Appendix to deter-
mine the work category as shown in Table A.2.3.
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RA.2.5 The licensed design professional should review 
the development of existing reinforcing steel, when cracking 
damage is evident near the ends of the reinforcement to 
determine if the cracking is indicative of potential develop-
ment failure beyond the restrictions of this section. Research 
has shown that development length equations from previous 
versions of ACI 318 may be unconservative for top rein-
forcing steel bars (Feldman and Cairns 2017). Significant 
changes have occurred in the building code requirements 
increasing development length of reinforcing steel.

When the basis of design is the current building code, the 
licensed design professional should consider the following:

(a) Assessing demand/capacity ratios for the existing rein-
forcing steel with current development length provisions

(b) Confinement details of the reinforcement when 
assessing seismic resistance

The licensed design professional should determine if 
structural behavior indicates adequate performance. ACI 

A.2.4 This code shall be used to assess and design repairs 
in the work area of existing structures. The current building 
code shall be used to detail new concrete members and 
connections between new concrete members and existing 
construction. When the original building code is used as the 
design-basis criteria for repairs, new concrete or reinforcing 
members built integrally with the existing concrete structure 
shall be designed using the original building code. Alter-
nately, the new members shall be designed using the current 
building code.

A.2.5 In design of repairs to existing structures, detailing 
of the existing reinforcement within the work area need not 
comply with the current building code when using the orig-
inal building code, if both of the following conditions are 
satisfied:

(a) The damage or deterioration to the existing reinforce-
ment is addressed

(b) The repaired work area of the structure has capacity 
equal to or greater than demand per 5.2.2 using the original 
building code requirements or satisfies the requirements of 
A.5.3 when using allowable stress design

Table A.2.3—Assessment and design-basis criteria for rehabilitation categories

Work category
Sections of this code to use 
for the assessment criteria Primary code of the design-basis criteria used with this code

Potentially dangerous structural conditions for gravity 
and wind loads A.3.2 For potentially dangerous structures, current building code*

Potentially dangerous structural conditions for seismic 
resistance in regions of high seismicity (Seismic Design 

Category D [per ASCE/SEI 7] or higher)
A.3.3

For potentially hazardous structures for seismic resistance, current 
building code* supplemented by ASCE/SEI 41 if the structure is 

Seismic Design Category D (per ASCE/SEI 7) or higher

Substantial structural damage to vertical members of the 
lateral-force-resisting system A.4 Current building code* for substantial structural damage

Substantial structural damage to vertical members of the 
gravity-load-resisting system A.4 Current building code* for substantial structural damage

Damage less than substantial structural damage, 
deterioration and faulty construction with capacity 

increase
A.5 Current building code* unless compliant with Sections A.5.1, 

A.5.2 or A5.3 for the original building code†

Damage less than substantial structural damage, 
deterioration and faulty construction without capacity 

increase
A.6 This code, Chapters 7 through 10

Additions A.7 Current building code* unless compliant with Section A.7 for the 
original building code†

Alterations A.8 Current building code* unless compliant with Section A.8 for the 
original building code†

Changes in occupancy A.9 If rehabilitation is required then use the current building code*

*Current building code is as per 1.2.2.
†Original building code is as per 1.2.3.
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224.1R, ACI 437R, and ACI 437.1R provide guidance in 
judging acceptable performance.

RA.3—Potentially dangerous structural conditions
RA.3.1 Structural assessments are required when 

damage, deterioration, structural deficiencies or behavior 
are observed during the preliminary assessment that are 
unexpected or inconsistent with available construction 
documents. The structural condition assessment should be 
performed in accordance with 1.7 or Chapter 6, or both. The 
commentary to 1.7.4 has information on means and methods 
to determine if there is a reason to question the capacity of 
the structure. Results of the condition assessment should 
also be reviewed to identify if potentially dangerous condi-
tions are present. Potentially dangerous structural conditions 
include any instability, the potential for collapse of overhead 
components or pieces (falling hazards), or a significant risk 
of collapse exists under service load conditions.

RA.3.2 Demand/capacity ratios are used to quantify the 
adequacy of the member or structure. The threshold demand/
capacity ratios determine when different levels of interven-
tion may be required. For each demand/capacity ratio, this 
code provides direction on how the demand and capacity are 
determined. Demands may be determined based upon loads 
associated with current building codes (Uc as defined above) 
or loads specified during the original design (Uo as defined 
in Section 4.5.1) of the structure. The calculated capacity of 
the structure will vary depending upon the condition of the 
structure and extent of evaluation used to confirm as-built 
properties of the structure.

In assessing potentially dangerous structural conditions 
the strength design demand of Eq. (A.3.2.2) combines 
current building code nominal gravity loads (dead, live, and 
snow) with lateral loads from fluid, soil and wind (excluding 
seismic forces) using factored load combinations of ASCE/
SEI 7. A demand/capacity ratio greater than 1.5, calculated 
using Equation (A.3.2.2), represents a condition with limited 
to no margin of safety against failure for ASCE/SEI 7 loads 
(Stevens and Kesner 2016).

In the assessment of potentially dangerous structural 
conditions, the licensed design professional should deter-
mine if it may be appropriate to include: structural redundan-
cies, alternate load paths, primary and secondary supporting 
elements, redistribution of loads, collapse mechanisms, 
reduced live loads, measured displacements (sagging, 
listing, leaning, and tilting), second-order effects, and 
other loads specific to the structure, such as drifting snow, 
lateral earth and fluid pressures, self-straining loads, ice, 
and floods. References for potentially dangerous structural 
conditions include: commentary to Chapter 1 of ASCE/SEI 
7-10, Galambos et al. (1982), Ellingwood et al. (1982), and 
Ellingwood and Ang (1972). These references provide target 
reliability indexes, basic probability theory and concepts for 
an evaluation using the specific details of the demand as it 

A.3—Potentially dangerous structural conditions
A.3.1 A structural assessment shall be performed in the 

work area to determine if potentially dangerous structural 
conditions are present, when there is a reason for the licensed 
design professional to question the capacity of the structure 
or when potentially dangerous structural conditions are 
observed as a part of the preliminary assessment.

A.3.1.1 Potentially dangerous structural conditions shall 
be reported in accordance with 1.5.2.

A.3.2 For gravity, fluid, soil, and wind loads, potentially 
dangerous structural conditions exist in members or struc-
tures where the demand/capacity ratio is greater than 1.5 as 
shown in Eq. (A.3.2).

 Uc/ϕRcn > 1.5 (A.3.2)

In Eq. (A.3.2), Uc is the strength design demand deter-
mined by using the nominal gravity, fluid, soil, and wind 
loads identified in the current building code and the factored 
load combinations of ASCE/SEI 7, excluding seismic forces; 
and ϕRcn is the capacity adjusted by the strength reduction 
factor (ϕ) in Section 5.3 or 5.4 of this code.

A.3.2.1 If the demand/capacity ratio exceeds 1.5 for the 
work areas, the design-basis criteria shall be the current 
building code.

A.3.2.2 For structure with no risk of collapse under service 
load conditions, Sections A.4 through A.9 shall be used to 
determine the design-basis criteria.
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A.3.3 Assessment criteria for potentially hazardous struc-
tural conditions of concrete structures for seismic resistance, 
unless addressed by the authority having jurisdiction are 
limited to potentially hazardous conditions associated with 
Structural Performance Level, Collapse Prevention of struc-
tures in Seismic Design Category D, E, and F of ASCE/SEI 7 
using Earthquake Hazard Level, BSE-1E and shall be deter-
mined using ASCE/SEI 41 and this Code. The design-basis 
criteria to address potentially hazardous seismic conditions 
in concrete structures shall be this Code and ASCE/SEI 41.

A.3.4 The design-basis criteria for structures without 
potentially dangerous conditions shall be determined in 
accordance with A.4 through A.9.

A.4—Substantial structural damage
A.4.1 Substantial structural damage shall be assessed 

using current building code demands. Substantial structural 
damage to vertical members of the lateral-force-resisting 
system shall be where in any story, the shear walls or 
columns of the lateral-force-resisting system are damaged 
such that the lateral-load-resisting nominal capacity of the 
structure (∑Rcn) in any horizontal direction is reduced more 
than 33 percent from its predamage condition (∑Rn). This 
relationship is given by Eq. (A.4.1a).

 
1.5n

cn

R
R

∑
≥

∑
 (A.4.1a)

Substantial structural damage to vertical elements of the 
gravity-load-resisting system shall be where for any wall 
or column or group of vertical members of the gravity-
load-resisting system whose tributary area is more than 30 
percent of the total area of the structure’s floor(s) and roof(s) 
are damaged such that the total vertical nominal capacity 
(∑Rcn) is reduced more than 20 percent from its predamage 
condition ( ∑Rn) as defined by Eq. (A.4.1b) and concurrently 
where the current building code factored gravity (dead, live, 
and snow) load demand to in-place vertical design capacity 
ratio of the damaged members is more than 1.33, as shown in 
Eq. (A.4.1c). These relationships are given by Eq. (A.4.1b) 
and (A.4.1c).

 
1.25n

cn

R
R

∑
≥

∑
 (A.4.1b)

 ∑Uc/ ∑ϕRcn ≥ 1.33 (A.4.1c)

Capacities according to Chapter 6 and strength reduction 
factors per 5.3 or 5.4 shall be used in Eq. (A.4.1a) through 
(A.4.1c). The design-basis criteria shall be the current 
building code demands, supplemented by requirements of 

relates to the capacity with the strength reduction factors of 
Section 5.3 for new concrete structures.

RA.3.3 Compliance with ASCE/SEI 41 for Structural 
Performance Level, Collapse Prevention using an applicable 
Earthquake Hazard Level, BSE-1E should be reviewed and 
approved by the authority having jurisdiction for the assess-
ment of potentially hazardous seismic conditions of concrete 
structures. Assessment of potentially hazardous seismic 
conditions for concrete structures is not required, but may be 
used, for structures in regions of low or moderate seismicity. 
If no requirements for potentially hazardous seismic structural 
conditions are provided by the authority having jurisdiction, 
the licensed design professional should reference ATC-78, the 
IEBC and ASCE/SEI 41 appendices for guidance.

RA.4—Substantial structural damage
RA.4.1 The assessment criteria for substantial structural 

damage are specific to existing concrete structures, which 
were adapted from the IEBC.

In Eq. (A.4.1c), the demand load is the current building 
code loads and load combinations and should include all 
current building code gravity loads judged to be applicable 
to the structure, such as drifting snow.

Supplemental requirements of this Code for the design-
basis criteria include strength reduction factors per Section 
5.3 or 5.4, capacities according to Chapter 6, repairs per 
Chapter 7, durability per Chapter 8, repair construction per 
Chapter 9, and quality assurance per Chapter 10 for existing 
structures. The referenced seismic design provisions of 
ASCE/SEI 41 are adapted from those defined in the IEBC.

American Concrete Institute Copyrighted Material—www.concrete.org

88 CODE REQUIREMENTS FOR ASSESSMENT, REPAIR, AND REHABILITATION OF EXISTING CONCRETE STRUCTURES (ACI 562-19)

CODE COMMENTARY



RA.5—Conditions of deterioration, faulty 
construction, or damage less than substantial 
structural damage with strengthening

RA.5.1 Concrete structures with damage less than substan-
tial structural damage, deterioration, or containing faulty 
construction have historically been restored to the strength 
of the original building code.

The demand/capacity ratio of limit of 1.0 as provided 
in this section allows strengthening repair that restores the 
structural reliability of the existing structure to the level 
prior to damage and deterioration.

Historical performance is often an acceptable indicator of 
adequate safety if the structure has been subjected to known 
loads even if the strength design demand or capacity of the 
structure based on the requirements of the original building 
code is significantly different from the current building code.

this code for the existing structure and ASCE/SEI 41 for 
seismic design provisions for the following:

(a) Lateral-force-resisting system in both directions for 
the case of substantial structural damage in either direction 
from lateral forces; or

(b) Vertical members of the gravity-load-resisting system for 
the case of substantial structural damage from gravity loads.

Structures with substantial structural damage caused by 
earthquake shall be assessed or rehabilitated for load combi-
nations that include earthquake effects. The seismic design 
provisions of ASCE/SEI 41 shall be Earthquake Hazard 
Level, BSE-1E with the Basic Performance Objective of 
“Life Safety” for Risk Category I, II, or III (ASCE/SEI 7) 
and of “Immediate Occupancy” for Risk Category IV and 
Earthquake Hazard Level, BSE-2E with the Basic Perfor-
mance Objective of “Collapse Prevention” for Risk Cate-
gory I, II (ASCE/SEI 7), “Life Safety” for Risk Category III 
and IV (ASCE/SEI 7).

Structures with substantial structural damage caused by 
wind shall be assessed or rehabilitated for load combinations 
that include the current building code gravity and wind loads.

The design of new structural members and connections 
to members supporting load from vertical members of the 
gravity-load-resisting system that have substantial struc-
tural damage from gravity loads shall be in accordance with 
provisions of the current building code.

A.4.2 The design-basis criteria for structures without 
substantial structural damage shall be determined in accor-
dance with A.5 through A.9.

A.5—Conditions of deterioration, faulty 
construction, or damage less than substantial 
structural damage with strengthening

If a work area of a structure has damage less than substantial 
structural damage, deterioration, or contains faulty construc-
tion and there is a reason for the licensed design professional 
to question the capacity of the member, system, or structure 
of the work area, it shall be assessed by checking one of the 
criteria in sections A.5.1, A.5.2, or A.5.3 as selected by the 
licensed design professional. Sections A.5.1 through A.5.3 
shall not be applied in combination with each other.

A.5.1 The demand/capacity ratio of the member, system, 
or structure of the work area shall be evaluated using the 
original building code demand (Uo) with nominal loads, load 
combinations, and capacities of the original building code 
to determine if the demand/capacity ratio exceeds 1.0, as 
shown in Eq. (A.5.1).

 Uo/ϕoRcn > 1.0 (A.5.1)

In Eq. (A.5.1a), Uo is the strength design demand deter-
mined by using the nominal loads and factored load combi-
nations of the original building code. ϕoRcn is the capacity 
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adjusted by the strength reduction factor (ϕo) of the original 
building code.

If Uo/ϕoRcn is greater than 1.0, then strengthening repairs 
are required and shall be permitted to restore the structural 
capacity required by the original building code.

Repair of the existing concrete structure shall be 
permitted to restore a member, system, or structure of the 
work area to the capacity of the original building code 
based on the material properties of the original construc-
tion. New concrete members and connections to existing 
construction that are part of the repairs shall comply with 
provisions of A.2.4. If Uo/ϕoRcn is 1.0 or less, then strength-
ening repairs are not required.

If the demand/capacity ratio does not exceed 1.0, strength-
ening is not required.

A.5.2 Alternative assessment criteria shall be permitted, 
when approved by authority having jurisdiction using engi-
neering principles for the member, system of structure of the 
work area of existing structures.

If the capacity of the structure is not in question, such as 
indicated by the commentary provisions of R1.7, assessment 
checks are not required.

RA.5.2 Assessment criterion other than the current 
building code or ASCE/SEI 41 may be used. The references 
of RA.3.2 should be considered in the selection of applicable 
assessment criterion.

Beyond using the current building code, the assessment 
criteria should address if the demand or capacity of the 
original structure or member is significantly inconsistent 
with current standards resulting in unacceptable structural 
safety. An increase in load intensity; added loads; changes 
in load factors, strength reduction factors, or load combi-
nations; modification of analytical procedures; or changes 
in the determined capacity between the original and current 
building code (such as a change from allowable stress design 
[ASD] to strength design) should lead the licensed design 
professional to question the applicability of using the orig-
inal building code for the assessment of an existing struc-
ture. Engineering principles used to determine acceptable 
structural safety are to use either a probabilistic evaluation 
of loads and capacities to show adequate structural reliability 
indices or an evaluation procedure using demand/capacity 
ratios that are derived from the basic engineering principles 
as presented in current standards.

An assessment criterion for a structure that has damage 
less than substantial structural damage, deterioration, or 
faulty construction that is based on the demand/capacity 
ratio threshold of 1.05 using the original building code or 
1.1 using the current building code is:

(a) If the current building code demand (Uc) exceeds the 
original building code demand (Uo

*) increased by more than 
5 percent (Uc > 1.05Uo

*), check the demand/capacity ratio 
using the current building code demand (Uc) to determine if 
it exceeds 1.1, as shown in Eq. (RA.5.2a).

 Uc/ϕRcn > 1.1 (RA.5.2a)

If the demand/capacity ratio exceeds 1.1, then that system 
or member should be strengthened using the current building 
code demand. If the demand/capacity ratio does not exceed 
1.1, then no strengthening is required.
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(b) If the current building code demand (Uc) does not 
exceed the original building code demand (Uo

*) by 5 percent 
(Uc ≤ 1.05Uo

*), check the demand/capacity ratio using 
the original building code demand (Uo

*) to determine if it 
exceeds 1.05, as shown in Eq. (RA.5.2b).

 Uo
*/ϕRcn > 1.05 (RA.5.2b)

If the demand/capacity ratio exceeds 1.05, then that system 
or member strength should be restored using the original 
building code demand (Uo

*). If the demand/capacity ratio 
does not exceed 1.05, then strengthening is not required.

In this assessment criterion, the strength reduction 
factors (ϕ) of Section 5.3 or 5.4 shall be applied in both Eq. 
(RA.5.2a) and (RA.5.2b).

The current building code strength design demand (Uc) 
combines current building code nominal gravity loads (dead, 
live, soil, and snow) and lateral loads from fluid, soil and 
wind (excluding seismic) using the factored load combina-
tions of ASCE/SEI 7. The original building code strength 
design demand (Uo

*) combines the original building code 
nominal gravity loads (dead, live, and snow) and lateral 
loads from fluid, soil and wind (excluding seismic) using the 
factored load combinations of ASCE/SEI 7.

It may be appropriate to consider detailing requirements 
for ductility when considering seismic resistance, redistribu-
tion of internal member forces, reduced live loads, measured 
displacements (listing, leaning, and tilting), second-order 
effects, and other loads specific to the structure, such as 
drifting snow, lateral earth and fluid pressures, self-straining 
loads, ice, and floods.

The use of structure-specific data is acceptable, if substan-
tiated by the licensed design professional. For these assess-
ment criteria, the demand/capacity ratio provisions of 
RA.5.2a may be used in the assessment, whether the current 
building code demand does or does not exceed the original 
building code demand increased by 5 percent.

RA.5.3 Before 1963 and the “Building Code Require-
ments for Reinforced Concrete (ACI 318-63),” the design 
of reinforced concrete structures was based upon allow-
able stress or working stress design principles. Original 
building code demands should include nominal gravity 
loads (dead, live, and snow) and lateral wind forces or 
seismic forces using the load combinations of original 
building code. Consideration should be given to inclusion 
of measured displacements (sagging, listing, leaning, and 
tilting), second-order effects, and other loads specific to the 
work area of the structure, such as drifting snow, lateral earth 
pressures, self-straining loads, ice, and floods. Using allow-
able stress design is inconsistent with the reliability princi-
ples of strength design. To adequately address current safety 
levels, consideration should be given to verification using 
strength design provisions of A.5.2. It may be appropriate to 
consider detailing requirements for ductility when consid-
ering seismic resistance.

A.5.3 If the concrete design criteria of the original 
building code used only allowable stress design, an alter-
nate to using A.5.2 strength design criteria is to evaluate the 
demand/capacity ratio of the member, system, or structure of 
the work area based on allowable stress design load combi-
nations and design service loads, and the demand/capacity 
ratio based on allowable stress design load combinations 
for demand (Us) and resistance calculated using allowable 
stresses (Ra) as shown in Eq. (A.5.3)

 Us/Ra > 1.0 (A.5.3)

If the demand/capacity ratio exceeds 1.0, then strength-
ening repairs are required and shall be permitted to be 
restored to the structural capacity as required by the original 
building code. If the demand/capacity ratio is 1.0 or less, 
then strengthening shall not be required.
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Repair of the existing concrete structure shall be permitted 
to restore a member or system of the work area to the capacity 
of the original building code based on the material proper-
ties of the original construction. New concrete members 
and connections to existing construction that are part of the 
repair shall comply with provisions of A.2.4.

A.5.4 Existing structures other than those to be strength-
ened per A.3 through A.5 shall use A.6 through A.9 to deter-
mine the design-basis code criteria.

A.6—Conditions of deterioration, faulty 
construction, or damage less than substantial 
structural damage without strengthening

A.6.1 If less-than-substantial structural damage is present, 
structures damaged, deteriorated, or containing faulty 
construction that do not require strengthening in accordance 
with A.5 shall use the provisions of Chapters 7 through 10 of 
this code as the design-basis code criteria.

A.7—Additions
A.7.1 Where additions are made that change the gravity 

load demands on the member, system, or structure of the work 
area of the existing structure, the demand shall be determined 
for the configuration prior to the addition using the original 
building code loads and load combinations and the configu-
ration with the addition using the current building code loads 
and load combinations. For the existing elements of the work 
area required to support gravity loads of the addition where the 
gravity load demands of the current building code with the addi-
tion are more than the original building code without the addi-
tion increased by 5 percent, the design-basis code shall be the 
current building code, with this code for the existing member, 
system, or structure of the work area and the current building 
code for the addition.

For the member, system, or structure of the work area of the 
existing structure supporting gravity loads whose calculated 
capacity using this code is to be decreased as part of an addi-
tion, the elements of the work area shall be shown to have or 
be rehabilitated to have a demand/capacity ratio equal to or 
less than 1.0 for the current building code demand.

If the addition is not independent of the existing building for 
lateral-force resistance, the design-basis code criteria for the 
existing lateral-force-resisting system with the addition shall 
be the current building code for seismic assessment and design.

Exception: The licensed design professional shall be permitted 
to use the original building code load demands and capacities 
where the demand/capacity ratio for each lateral-force-resisting 
member, with the addition using the current building code, does 
not exceed the demand/capacity ratio without the addition using 
the original building code increased by 10 percent.

A.8—Alterations
A.8.1 Where alterations are made that change the gravity 

load demands on the member, system, or structure of the work 
area of the existing structure, the demand shall be determined 

RA.6—Conditions of deterioration, faulty 
construction, or damage less than substantial 
structural damage without strengthening

RA.6.1 Serviceability requirements including deflection 
limits and reinforcement for cracking of the current building 
code are not requirements of this code, but should be consid-
ered in the assessment and repair of existing structures.

RA.7—Additions
RA.7.1 The exception permits the licensed design profes-

sional to use the original building code for the assessment 
and design-basis criteria of existing lateral-force-resisting 
members when the members of the existing lateral-force-
resisting system comply with Eq. (RA.7.1).

Uc/Rn (with addition) ≤ 1.1Uo/Rn (without addition)  (RA.7.1)

RA.8—Alterations
RA.8.1 The exception permits the licensed design profes-

sional to use the original building code for the assessment 
and design-basis code criteria of existing lateral-force-
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for the configuration prior to the alterations using the original 
building code loads and load combinations and the configura-
tion with the alterations using the current building code loads 
and load combinations. For the existing elements of the work 
area required to support gravity loads of the addition where 
the gravity load demands of the current building code with the 
alterations are more than the original building code without 
the alterations increased by 5 percent, the design-basis code 
criteria shall be the current building code, with this code for 
the existing member, system, or structure of the work area and 
the current building code for the alterations.

When the capacity of the member, system, or structure of 
the work area of the existing structure supporting gravity loads 
is to be reduced as part of an alteration, the reduced capacity 
shall not be less than the current building code demand.

If the alteration increases design lateral loads, results in 
a structural irregularity per ASCE/SEI 7, or decreases the 
lateral capacity, the design-basis code criteria for elements of 
the work area shall be the current building code for seismic 
assessment and design.

Exception: The licensed design professional shall be permitted 
to use as an alternative the original building code load demands 
and capacities for any lateral-force-resisting member, system, 
or structure of the work area where the demand/capacity ratio 
with alterations using the current building code is not more than 
the demand/capacity ratio without alterations using the original 
building code increased by 10 percent.

A.9—Change of occupancy
A.9.1 Where the use or occupancy change demand on the 

member, system, or structure of the work area of the existing 
structure, the demand shall be determined using the orig-
inal building code loads and load combinations and using 
the current building code loads and load combinations. For 
the existing elements of the work area when demand based 
on the current building code is greater than the demand on 
those elements based on the original building code criteria, 
the affected elements shall be rehabilitated using the current 
building code demands and the capacities based on this code 
and the lateral-force-resisting system shall be evaluated and 
rehabilitated if necessary to meet the Basic Performance 
Objective for Existing Buildings, as defined in ASCE/SEI 
41. New concrete members and connections to existing 
construction that are part of the rehabilitation shall comply 
with provisions of A.2.4.

resisting members when the members of the existing lateral-
force-resisting system comply with Eq. (RA.8.1).

 Uc/Rn (with alterations) ≤ 1.1Uo/Rn (without alterations)  
  (RA.8.1)

Alterations in this section exclude the remedial work of 
A.3 through A.6.
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KEY CHANGES FROM ACI 562-16 TO ACI 562-19: SUMMARY OF REVISIONS
Modifications were largely based upon comments received informally after the publication of ACI 562-16.

Major revisions
The major changes are as follows:
(a) Text was added to simplify use of new materials that have the equivalent of an ICC-ES evaluation report in Chapter 1.
(b) The requirements for the basis of design report were simplified in Chapter 1.
(c) Clarified requirements related to detailing of existing reinforcing steel in Chapter
(d) The commentary in Chapter 8 was updated to include a listing of exposure categories that may affect durability.

Minor revisions
The minor revisions were aimed at improving the current text to improve readability and integration with other documents. 

An effort was also made for consistency in terminology with ASCE and other organizations.
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As ACI begins its second century of advancing concrete knowledge, its original chartered purpose  
remains “to provide a comradeship in finding the best ways to do concrete work of all kinds and in 
spreading knowledge.” In keeping with this purpose, ACI supports the following activities:

·  Technical committees that produce consensus reports, guides, specifications, and codes.

·  Spring and fall conventions to facilitate the work of its committees.

·  Educational seminars that disseminate reliable information on concrete.

·  Certification programs for personnel employed within the concrete industry.

·  Student programs such as scholarships, internships, and competitions.

·  Sponsoring and co-sponsoring international conferences and symposia.

·  Formal coordination with several international concrete related societies.

·  Periodicals: the ACI Structural Journal, Materials Journal, and Concrete International.

Benefits of membership include a subscription to Concrete International and to an ACI Journal. ACI 
members receive discounts of up to 40% on all ACI products and services, including documents, seminars 
and convention registration fees.

As a member of ACI, you join thousands of practitioners and professionals worldwide who share 
a commitment to maintain the highest industry standards for concrete technology, construction, 
and practices. In addition, ACI chapters provide opportunities for interaction of professionals and 
practitioners at a local level to discuss and share concrete knowledge and fellowship.
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for professional growth, networking and enjoyment.

9 781641 950626
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