
A
C

I 3
69

.1M
-1

7
An ACI Standard 

Standard Requirements 
for Seismic Evaluation 
and Retrofit of Existing 
Concrete Buildings 
(ACI 369.1M-17) and 
Commentary
Reported by ACI Committee 369



First Printing
February 2018

ISBN: 978-1-64195-002-2

Standard Requirements for Seismic Evaluation and Retrofit of Existing Concrete Buildings 
(ACI 369.1M-17) and Commentary

Copyright by the American Concrete Institute, Farmington Hills, MI. All rights reserved. This material 
may not be reproduced or copied, in whole or part, in any printed, mechanical, electronic, film, or other 
distribution and storage media, without the written consent of ACI.

The technical committees responsible for ACI committee reports and standards strive to avoid 
ambiguities, omissions, and errors in these documents. In spite of these efforts, the users of ACI 
documents occasionally find information or requirements that may be subject to more than one 
interpretation or may be incomplete or incorrect. Users who have suggestions for the improvement of 
ACI documents are requested to contact ACI via the errata website at http://concrete.org/Publications/
DocumentErrata.aspx. Proper use of this document includes periodically checking for errata for the most 
up-to-date revisions.

ACI committee documents are intended for the use of individuals who are competent to evaluate the 
significance and limitations of its content and recommendations and who will accept responsibility for 
the application of the material it contains. Individuals who use this publication in any way assume all 
risk and accept total responsibility for the application and use of this information.

All information in this publication is provided “as is” without warranty of any kind, either express or 
implied, including but not limited to, the implied warranties of merchantability, fitness for a particular 
purpose or non-infringement.

ACI and its members disclaim liability for damages of any kind, including any special, indirect, incidental, 
or consequential damages, including without limitation, lost revenues or lost profits, which may result 
from the use of this publication.

It is the responsibility of the user of this document to establish health and safety practices appropriate 
to the specific circumstances involved with its use. ACI does not make any representations with regard 
to health and safety issues and the use of this document. The user must determine the applicability of 
all regulatory limitations before applying the document and must comply with all applicable laws and 
regulations, including but not limited to, United States Occupational Safety and Health Administration 
(OSHA) health and safety standards.

Participation by governmental representatives in the work of the American Concrete Institute and in 
the development of Institute standards does not constitute governmental endorsement of ACI or the 
standards that it develops.

Order information: ACI documents are available in print, by download, on CD-ROM, through electronic 
subscription, or reprint and may be obtained by contacting ACI.

Most ACI standards and committee reports are gathered together in the annually revised ACI Collection of 
Concrete Codes, Specifications, and Practices.

American Concrete Institute
38800 Country Club Drive
Farmington Hills, MI 48331
Phone:	 +1.248.848.3700
Fax:	 +1.248.848.3701

www.concrete.org



ACI Committee Reports, Guides, and Commentaries are 
intended for guidance in planning, designing, executing, and 
inspecting construction. This document is intended for the use 
of individuals who are competent to evaluate the significance 
and limitations of its content and recommendations and who 
will accept responsibility for the application of the material it 
contains. The American Concrete Institute disclaims any and 
all responsibility for the stated principles. The Institute shall 
not be liable for any loss or damage arising therefrom.

Reference to this document shall not be made in contract 
documents. If items found in this document are desired by 
the Architect/Engineer to be a part of the contract documents, 
they shall be restated in mandatory language for incorporation 
by the Architect/Engineer.
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PREFACE
This standard provides retrofit and rehabilitation criteria for reinforced 
concrete buildings based on results from the most recent research on 
the seismic performance of existing concrete buildings. The intent of 
this standard is to provide a continuously updated resource document 
for modifications to Chapter 10 of ASCE 41-17, similar to how the 
National Earthquake Hazards Reduction Program (NEHRP) Recom-
mended Seismic Provisions produced by the Federal Emergency 
Management Agency (FEMA) (FEMA 450) have served as source 
documents for the International Building Code (IBC) and its prede-
cessor building codes. Specifically, this version of ACI 369.1M serves 
as the basis for Chapter 10, “Concrete,” of ASCE 41-17.

This standard should be used in conjunction with Chapters 
1 through 7 of ASCE 41-17. Chapter 1 of ASCE 41-17 provides 
general requirements for evaluation and retrofit, including the 
selection of performance objectives and retrofit strategies. Chapter 
2 of ASCE 41-17 defines performance objectives and seismic 

hazards. Chapter 3 of ASCE 41-17 provides the requirements for 
evaluation and retrofit, including treating as-built information and 
selecting the appropriate screening procedures. Chapter 4 of ASCE 
41-17 summarizes Tier 1 screening procedures, while Chapters 5 
and 6 summarize Tier 2 deficiency-based procedures and Tier 3 
systematic procedures for evaluation and retrofit, respectively. 
Chapter 7 of ASCE 41-17 details analysis procedures referenced in 
ACI 369.1M, including linear and nonlinear analysis procedures, 
acceptance criteria, and alternative methods for determining 
modeling parameters and acceptance criteria. Chapter 8 of ASCE 
41-17 provides geotechnical engineering provisions for building 
foundations and assessment of seismic-geologic site hazards. 
References to these chapters can be found throughout the standard. 
The design professional is referred to FEMA 547 for detailed infor-
mation on seismic rehabilitation measures for concrete buildings. 
Repair techniques for earthquake-damaged concrete components 
are not included in ACI 369.1M. The design professional is referred 
to FEMA 306, FEMA 307, and FEMA 308 for information on eval-
uation and repair of damaged concrete wall components.

This standard does not provide modeling procedures, accep-
tance criteria, and rehabilitation measures for concrete-encased 
steel composite components. Future versions will provide provision 
updates for concrete moment frames and will add provisions for 
concrete components and systems omitted in the present version of 
the standard.
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INTRODUCTION
Earthquake reconnaissance has clearly demonstrated that existing concrete buildings designed before the introduction of 

seismic design codes in the 1980s are more vulnerable to severe damage or collapse when subjected to strong ground motion 
than concrete buildings built after that period. Seismic rehabilitation of existing buildings where new components are added 
or existing components are modified or retrofitted with new materials, or both, can be used to mitigate the risk to damage in 
future earthquakes. Seismic rehabilitation is encouraged not only to reduce the risk of damage and injury in future earthquakes, 
but also to extend the life of existing buildings and reduce using new materials in the promotion of sustainability objectives.

It is not possible to codify all problems encountered in the process of performing the seismic evaluation and retrofit of rein-
forced concrete buildings, nor is the intent of the standard to do so. The standard provides a basic framework for modeling and 
evaluation of structures that reflects the latest information available from researchers and practicing engineers, so that seismic 
evaluation and retrofit can be performed with a consistent set of criteria. Many provisions in the standard rely on the use of 
sound engineering judgement for their implementation. The commentary of the standard provides references that describe in 
detail the implementation of methodologies adopted in the standard.

Keywords: acceptance criteria; building; deformation-controlled; dynamic analysis; earthquake; force-controlled; modeling parameters; nonlinear analysis; 
retrofit; seismic evaluation.
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CHAPTER 1—GENERAL

1.1—Scope
This standard sets forth requirements for the seismic eval-

uation and retrofit of concrete components of the seismic-
force-resisting system of an existing building. These building 
standard requirements apply to existing concrete compo-
nents, retrofitted concrete components, and new concrete 
components. Provisions of this standard do not apply to 
concrete-encased steel composite components.

Chapter 2 specifies data collection procedures for 
obtaining material properties and performing condition 
assessments. Chapter 3 provides general analysis and design 
requirements for concrete components. Chapters 4 through 
9 provide modeling procedures; component strengths; 
acceptance criteria and retrofit measures for cast-in-place 
and precast concrete moment frames; concrete frames with 
masonry infills; cast-in-place and precast concrete structural 
walls; and concrete braced frames. Chapters 10 through 12 
provide modeling procedures, strengths, acceptance criteria, 
and retrofit measures for concrete diaphragms and concrete 
foundation systems.

C1.1—Scope
These standard requirements were developed based on 

the best knowledge of the seismic performance of existing 
concrete buildings at the time of publication. These require-
ments are not intended to restrict the licensed design profes-
sional from using new information that becomes available 
before the issuance of the next edition of this standard. Such 
new information can include tests conducted to address 
specific building conditions.

This standard provides short descriptions of potential 
seismic retrofit measures for each concrete building system. 
The licensed design professional, however, is referred to 
FEMA 547 for detailed information on seismic retrofit 
measures for concrete buildings. Repair techniques for earth-
quake-damaged concrete components are not included in 
this standard. The licensed design professional is referred to 
FEMA 306, FEMA 307, and FEMA 308 for information on 
evaluation and repair of damaged concrete wall components.

Concrete-encased steel composite components behave 
differently from concrete sections reinforced with steel 
reinforcement. Concrete-encased steel composite compo-
nents frequently behave as over-reinforced sections. This 
type of component behavior was not represented in the 
data sets used to develop the force-deformation modeling 
relationships and acceptance criteria in this standard, and is 
not covered in this standard. Concrete encasement is often 
provided for fire protection rather than for strength or stiff-
ness and typically lacks transverse reinforcement. In some 
cases, the transverse reinforcement does not meet detailing 
requirements in AISC 360. Lack of adequate confinement 
can result in lateral expansion of the core concrete, which 
exacerbates bond slip and undermines the fundamental prin-
ciple that plane sections remain plane.

Testing and analysis used to determine acceptance criteria 
for concrete-encased steel composite components should 
include the effect of bond slip between steel and concrete, 
confinement ratio, confinement reinforcement detailing, 
kinematics, and appropriate strain limits.

To preserve historic buildings, exercise care in selecting the 
appropriate retrofit approaches and techniques for application.
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CHAPTER 2—MATERIAL PROPERTIES AND 
CONDITION ASSESSMENT

2.1—General
Mechanical properties of materials shall be obtained from 

available drawings, specifications, and other documents for 
the existing building in accordance with the requirements 
of ASCE 41-17, 3.2. Where these documents fail to provide 
adequate information to quantify material properties, such 
information shall be supplemented by materials testing 
based on requirements of Chapter 2. Material properties of 
existing concrete components shall be determined in accor-
dance with 2.2. The use of default material properties based 
on historical information is permitted in accordance with 
2.2.5. A condition assessment shall be conducted in accor-
dance with 2.3. The extent of materials testing and condition 
assessment performed shall be used to determine the knowl-
edge factor as specified in 2.4.

2.2—Properties of in-place materials and 
components

2.2.1 Material properties

C2.1—General
Chapter 2 identifies properties requiring consideration and 

provides requirements for determining building properties. 
Also described is the need for a thorough condition assess-
ment and use of knowledge gained in analyzing component 
and system behavior. Personnel involved in material prop-
erty quantification and condition assessment should be expe-
rienced in the proper implementation of testing practices and 
the interpretation of results.

When modeling a concrete building, it is important to 
investigate local practices relative to seismic design. Specific 
benchmark years can be determined for the implementation 
of earthquake-resistant design in most locations, but caution 
should be exercised in assuming optimistic characteristics for 
any specific building. Particularly with concrete materials, the 
date of original building construction significantly influences 
seismic performance. Without deleterious conditions or mate-
rials, concrete gains compressive strength from the time it is 
originally cast and in place. Strengths typically exceed speci-
fied design values (28-day or similar). In older construction, 
concrete strength was often very low (less than 21 MPa) and it 
was rarely specified in the drawings. Early adoptions of concrete 
in buildings often used steel reinforcement with relatively low 
strength and ductility, limited continuity, and reduced bond 
development. Continuity between specific existing components 
and elements, such as beams, columns, diaphragms, and shear 
walls, can be particularly difficult to assess because of concrete 
cover and other barriers to inspection.

Properties of welded wire reinforcement for various 
periods of construction can be obtained from the Wire Rein-
forcement Institute (2009).

Documentation of the material properties and grades used 
in component and connection construction is invaluable and 
can be effectively used to reduce the amount of in-place 
testing required. The licensed design professional is encour-
aged to research and acquire all available records from orig-
inal construction, including photographs, to confirm rein-
forcement details shown on the plans.

Further guidance on the condition assessment of existing 
concrete buildings can be found in the following:

a) ACI 201.1R, which provides guidance on conducting a 
condition survey of existing concrete structures

b) ACI 364.1R, which describes the general procedures 
used for the evaluation of concrete structures before retrofit

c) ACI 437R, which describes methods for strength evalu-
ation of existing concrete buildings, including analytical and 
load test methods

C2.2—Properties of in-place materials and 
components

C2.2.1 Material properties
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