IN-LB Inch-Pound Units

An AC| Standard

Code Requirements for

Residential Concrete
(ACI 332-20) and
Commentary

Reported by AClI Committee 332

AC| 332-20

* W American Concrete Institute
qacCl

» Always advancing
4




>~ et First Printing
q Cl ) merican Concrete Institute October 2020

Always advancing

A ISBN: 978-1-64195-110-4

Code Requirements for Residential Concrete 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, through electronic subscription,
or reprint, and may be obtained by contacting ACI.

ACI codes, specifications, and practices are made available in the ACI Collection of Concrete Codes,
Specifications, and Practices. The online subscription to the ACI Collection is always updated, and
includes current and historical versions of ACI’s codes and specifications (in both inch-pound and SI
units) plus new titles as they are published. The ACI Collection is also available as an eight-volume set of
books and a USB drive.

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 332-20

Code Requirements for Residential Concrete and
Commentary

An ACI Standard

Reported by ACI Committee 332

James A. Farny, Chair Mary J. Wilson, Secretary

VOTING MEMBERS

Brent Anderson Augusta Gaertner Warren E. McPherson
Joseph Stephen Balik George H. Harrison Jereme Montgomery
James R. Baty Il Harvey H. Haynes T. George Muste
Claude J. Bergeron Robert L. Henry Anil K. Patnaik

Anthony J. Candiloro Bret Houck Dale A. Phillips
John P. Carr Samhar S. Hoz Dennis R. Purinton
Michael W. Cook Morris Huffman Jorge L. Quiros
Jerry D. Coombs Said Iravani Dana D. Rotkovich
Barry A. Descheneaux Raj K. Jalla J. Edward Sauter
Timothy J. Dickson Kirby Justesen Robert E. Sculthorpe

Kevin L. Doerr Ashok M. Kakade Christopher R. Tull

John S. Edwards Destry R. Kenning Michael H. Weber
Gary J. Ehrlich Tarek S. Khan Douglas C. Wittler
Nader R. Elhajj Scott J. Klevenhagen

William A. Fennell

Glen E. Bollin
Scott R. Humphreys
John M. Jaffee

Kenneth A. Luttrell

CONSULTING MEMBERS

Lionel A. Lemay
Luke R. Pinkerton
Skip Reynolds

Royce J. Rhoads

This code covers the design and construction of cast-in-place
concrete for one- and two-family dwellings and multiple single-
family dwellings (townhouses), and their accessory structures.
Among the subjects covered are the design and construction
requirements for plain and reinforced concrete footings, foundation
walls; slabs-on-ground; and requirements for concrete, reinforce-
ment, forms, and other related materials. The quality and testing of
materials discussed in this document are covered by reference to
the appropriate ASTM standards.

This code is written to allow for reference by adoption in a
general building code without changing its language. Background
details or suggestions for carrying out the requirements or intent
of the code are provided in the commentary. The commentary
discusses some of the considerations of the committee in devel-
oping the code with emphasis given to the explanation of provisions
that may be unfamiliar to code users or where significant departure
exists from other concrete codes.

Keywords: admixtures; aggregate; backfill; cement; compressive strength;
cover; flexural strength; footings; formwork (construction); foundations;
loads (forces); slabs; structural analysis; reinforcement.

ACI 332-20 supersedes ACI 332-14, was adopted July 6, 2020, and was published
October 2020.

Copyright © 2020, American Concrete Institute.

All rights reserved including rights of reproduction and use in any form or by
any means, including the making of copies by any photo process, or by electronic
or mechanical device, printed, written, or oral, or recording for sound or visual
reproduction or for use in any knowledge or retrieval system or device, unless

permission in writing is obtained from the copyright proprietors.
(aci*®



2 CODE REQUIREMENTS FOR RESIDENTIAL CONCRETE AND COMMENTARY (ACI 332-20)

CONTENTS
PREFACE, p. 3

CHAPTER 1—GENERAL, p.5
1.1—Scope, p. 5
1.2—Alternative systems, p. 6
1.3—Drawings and specifications, p. 7
1.4—Inspection, p. 7

CHAPTER 2—NOTATION AND DEFINITIONS, p. 8
2.1—Notation, p. 8
2.2—Definitions, p. 9

CHAPTER 3—REFERENCED STANDARDS, p. 11

CHAPTER 4—MATERIALS, p. 13
4.1—Concrete, p. 13
4.2—Reinforcement, p. 13
4.3—Formwork, p. 14
4.4—Vapor retarder, p. 14

CHAPTER 5—CONCRETE REQUIREMENTS, p. 16
5.1—Exposure categories and classes, p. 16
5.2—General requirements, p. 18
5.3—Requirements for concrete mixtures, p. 18
5.4—Additional requirements for freezing-and-thawing

exposure, p. 20
5.5—Alternative cementitious materials for sulfate expo-

sure, p. 21
5.6—Concrete cover, p. 21

CHAPTER 6—DESIGN OF STRUCTURAL
CONCRETE, p. 22
6.1—Scope, p. 22
6.2—Materials, p. 22
6.3—Load factors and combinations, p. 23
6.4—Strength reduction factors, p. 24
6.5—Plain concrete, p. 24
6.6—Sectional strength of reinforced sections, p. 26
6.7—Design limits, p. 30
6.8—Reinforcement detailing, p. 30

CHAPTER 7—CONCRETE PRODUCTION AND
PLACEMENT, p. 31

7.1—Concrete, p. 31

7.2—Placement, p. 31

7.3—Form removal, p. 31

7.4—Finishing, p. 31

7.5—Curing, p. 32

7.6—Protection of concrete during cold weather, p. 32

7.7—Temperature limits for concrete as delivered in hot
weather, p. 33

J

CHAPTER 8—FOOTINGS, p. 34
8.1—Scope, p. 34
8.2—General, p. 34
8.3—Design limits, p. 37
8.4—Required strength, p. 38
8.5—Design, p. 39
8.6—Prescriptive design tables, p. 39
8.7—Construction requirements, p. 45

CHAPTER 9—FOUNDATION WALLS, p. 47
9.1—Scope, p. 47
9.2—General, p. 47
9.3—Design limits, p. 49
9.4—Required strength, p. 51
9.5—Design, p. 51
9.6—Connection to lateral support system, p. 62
9.7—Construction requirements, p. 62

CHAPTER 10—ABOVE-GRADE WALLS, p. 64
10.1—Scope, p. 64
10.2—General, p. 64
10.3—Design limits, p. 64
10.4—Required strength, p. 64
10.5—Design, p. 64
10.6—Construction requirements, p. 65

CHAPTER 11—LINTEL BEAMS, p. 66
11.1—Scope, p. 66
11.2—General, p. 66
11.3—Design limits, p. 67
11.4—Required strength, p. 67
11.5—Design, p. 67
11.6—Prescriptive design, p. 67

CHAPTER 12—DESIGN FOR EXPANSIVE SOILS,
p. 68
12.1—Scope, p. 68
12.2—General, p. 68
12.3—Expansive soil classification, p. 68
12.4—Design, p. 68

CHAPTER 13—SLABS-ON-GROUND, p. 69
13.1—Scope, p. 69
13.2—Design, p. 69
13.3—Support, p. 69
13.4—Forms, p. 69
13.5—Thickness, p. 69
13.6—Joints, p. 69
13.7—Reinforcement, p. 70

COMMENTARY REFERENCES, p. 72
Authored documents, p. 73

C American Concrete Institute Copyrighted Material—www.concrete.org



CODE REQUIREMENTS FOR RESIDENTIAL CONCRETE AND COMMENTARY (ACI 332-20) 3

PREFACE

The commentary of this code discusses some of the considerations of ACI Committee 332 in developing the provisions
contained herein. Explanation of the departure of this code from ACI 318 is emphasized. Comments on specific provisions are
made under the corresponding chapter and section numbers of this code.

The commentary is not intended to provide a complete historical background concerning the development of this code,
nor is it intended to provide a detailed résumé of the studies and research data reviewed by the committee in formulating this
document.

This code is meant to be used as part of a legally adopted building code and, as such, must differ in form and substance from
documents that provide detailed specifications, recommended practices, or complete design procedures. This code was devel-
oped by an ANSI-approved consensus process.

This code is intended to cover all residential structures that fall within the scope of IRC-2018. Requirements more stringent
than the code provisions may be desirable for large, complex, or irregular structures; high-hazard areas; and other unusual
construction. This code cannot replace sound engineering knowledge, experience, and judgment.

A building code states only the minimum requirements necessary to provide for public health and safety; this code is based
on that principle. For any structure, the owner or the designer may require the quality of materials and construction to be higher
than the minimum requirements necessary to protect the public as stated herein. Lower standards, however, are not permitted.
The commentary directs attention to other documents that provide suggestions for carrying out the requirements and intent of
this code.

This code has no legal status unless adopted by government bodies having authority to regulate building design and construc-
tion. Where this code has not been adopted, it may serve as a reference to good practice even though it has no legal status.

This code provides a means of establishing minimum standards for acceptance of designs and construction by legally
appointed building officials or their designated representatives. This document is not intended for use in settling disputes
between the owner; engineer; architect; contractor; or their agents, subcontractors, material suppliers, or testing agencies.
Therefore, this code cannot define the contract responsibility of each of the parties in construction. General references requiring
compliance with this code in the project specifications should be avoided because the contractor is rarely in a position to accept
responsibility for design details or construction requirements that depend on detailed knowledge of the design. Design-build
construction contractors, however, typically combine the design and construction responsibility. Generally, the drawings, speci-
fications, and contract documents should contain all the necessary requirements to ensure compliance with the code. In part, this
can be accomplished by reference to specific code sections in the project specifications. Other ACI publications, such as ACI
301, are written specifically for use as contract documents for construction. Requirements for testing and certification programs
should be provided for the individual parties involved with the execution of work performed in accordance with this code.
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CODE
CHAPTER 1—GENERAL

1.1—Scope
1.1.1 This chapter addresses (a) through (f):
(a) General requirements of this code
(b) Purpose of this code
(¢) Applicability of this code
(d) Alternative systems
(e) Drawings and specifications
(f) Inspection

1.1.2 This code, when legally adopted as part of a general
building code, provides minimum requirements for design
and construction of residential concrete members. In areas
without a legally adopted building code, this code defines
minimum acceptable standards of design and construction
practice.

1.1.3 This code supplements the general building code
and governs matters pertaining to design and construction of
cast-in-place concrete construction for one- and two-family
dwellings and multiple single-family dwellings (town-
houses), and their accessory structures, except wherever
this code conflicts with requirements in the legally adopted
general building code.

1.1.4 Where this code conflicts with requirements
contained in other standards referenced in this code, this
code shall govern.

1.1.5 This code is limited to design and construction
of concrete footings, including thickened slab footings,
wall footings, and isolated footings; concrete basement or
foundation walls and above-grade walls constructed with
removable forms or with flat insulating concrete forms; and
concrete slabs-on-ground.

1.1.6 Where the scope of this code and the scope of ACI
318 coincide, design in accordance with ACI 318 shall
be permitted for all buildings and structures, and all parts
thereof, within the scope of this code.

1.1.7 Seismic design

1.1.7.1 The seismic risk level of a region, or seismic
performance or design category of a structure, shall be regu-
lated by the legally adopted general building code, of which
this code forms a part, or determined by the local authority.

1.1.8 This code does not govern design and construction
of insulating concrete form walls with a waffle or screen
configuration; precast wall members; cantilevered walls
or retaining walls; deep foundation systems, such as piles,
drilled piers, or caissons; and elevated concrete slabs.
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COMMENTARY
CHAPTER R1—GENERAL

R1.1—Scope
R1.1.1 This Code includes provisions for the design of
residential concrete used for structural purposes, including
plain concrete and concrete containing mild reinforcement.
This chapter includes numerous provisions that explain
where this Code applies and how it is to be interpreted.

R1.1.2 The user of this code should consult the applicable
general building code for all applied loads to determine the
applicable values for design requirements. In the absence of
a governing code, the user should consider the use of ASCE/
SEI 7 to determine applicable loads.

R1.1.4 IRC-2018 references this code. Where the design
of a member is initiated with this code from reference by
the IRC, the entire design of the member must be completed
using the provisions of this code.

R1.1.5 The design and construction requirements for foot-
ings, foundation walls, and slabs-on-ground are included
in this code, together with requirements for concrete, rein-
forcement, forms, and other related materials.

R1.1.7 Seismic design

Provisions for application of precast wall members are
found in IRC-2018. The provisions for above-grade concrete
walls are currently available in IRC-2018 based on PCA
100.03.

R1.1.8 Guidance on the type and application of systems
for drainage, waterproofing, dampproofing, and radon gas
ventilation are commonly found in the general building code.
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