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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.
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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
(c) 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.

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.

@seismicisolation
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1.1.9 This code does not govern the design and application
of methods for top lateral wall support, surface drainage,
waterproofing, dampproofing, or the ventilation of radon
gases.

1.1.10 When a building or structure contains concrete
members that exceed the limits of this code or otherwise do
not conform to this code, these concrete members shall be
designed in accordance with ACI 318,

1.1.11 Where permitted by the statutes of the jurisdiction
where the project is to be constructed, construction docu-
ments for residences designed by the provisions of this code
need not be prepared by a licensed design professional.
Where required by the statutes of the jurisdiction where the
project is to be constructed, a licensed design professional
shall prepare the construction documents for residences.

1.1.12 This code is intended to state only minimum
requirements necessary to provide for public health and
safety for the design of residences that fall within the scope
of IRC-2018. The owner or the licensed design professional
may require the quality of materials and construction to be
higher than the minimum requirements stated in the code.

1.1.13 All references to minimum and maximum dimen-
sions or values in the code refer to those dimensions or
values as specified.

1.1.14 This code is not intended to define contractual
responsibilities between all the parties involved in a project,
nor is it intended to settle disputes regarding contractual
responsibilities.

1.1.15 The commentary text, tables, figures, or illustra-
tions shall not be used to interpret the code in a way that
conflicts with the plain meaning of the code text, or to create
ambiguity within the code that would not otherwise exist.

1.1.16 The English version in U.S. customary units is the
official version of the code. In case of conflict between the
official version and versions with SI units or in different
languages, the official version governs.

1.2—Alternative systems

Sponsors of any system of design or construction or an
alternative material to be applied within the scope of this
code, the adequacy of which has been shown by successful
use, analysis, or test, but which does not conform to or is
not covered by this code, shall have the right to present the
data on which their design is based to the building official or
to a board of examiners appointed by the building official.
This board shall have authority to investigate the data so
submitted, to require tests, and to formulate rules governing
design and construction of such systems to meet the intent

COMMENTARY

R1.2—Alternative systems

New methods of design, materials, and uses of mate-
rials should undergo a period of development before being
specifically covered in a code. Hence, acceptable systems or
components might be excluded from use by implication if
means were not available to obtain acceptance. For systems
considered under this section, specific tests, load factors,
deflection limits, and other pertinent requirements should be
set by the board of examiners and should be consistent with
the intent of this document.

of this code. These rules, if approved by the building@f§eisinicisolation
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and promulgated, shall be of the same force and effect as the
provisions of this code.

1.3—Drawings and specifications

All designs for cast-in-place concrete construction not
covered by the design provisions or prescriptive tables of this
code shall require the seal of a licensed design professional.

1.4—lInspection

The construction of all concrete members covered by this
code shall be inspected as required by the legally adopted
general building code.
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CHAPTER 2—NOTATION AND DEFINITIONS CHAPTER R2—NOTATION AND DEFINITIONS

2.1—Notation
A, = gross area of concrete section, in.?
A, = total area of longitudinal reinforcement, in.’
A, = effective area of all bar legs or wires (ties, stirrups,

or crossties) within spacing s, in.?
B, = nominal bearing strength, psi
B, = factored bearing strength, psi
b, = web width, in.
d = distance from extreme compression fiber to centroid

of tension reinforcement, in.
d. = nominal maximum size of coarse aggregate, in.

d, = diameter of steel reinforcing bar, in.

D = effect of service dead load

E = effect of horizontal and vertical earthquake-induced
forces

E. = modulus of elasticity of concrete, psi

E, = modulus of elasticity of reinforcement and struc-
tural steel, psi

1. = specified compressive strength of concrete, psi

/= modulus of rupture of concrete, psi

1, = specified minimum yield strength of steel rein-
forcement, psi

H = effect of service load due to lateral earth pressure,
groundwater pressure, or pressure of bulk mate-
rials, 1b

L = effect of service live load

L, = effect of service roof live load

M, = nominal flexural strength at section, in.-lb

M, = factored moment at section, in.-1b

P, = nominal axial compressive strength at given eccen-
tricity, psi

P, = nominal axial load strength at zero eccentricity, psi

R = cumulative load effect of service rain load

S = effect of service snow load

S, = elastic section modulus, in.}?

T = cumulative effects of service temperature, creep,

shrinkage, differential settlement, and shrinkage
compensating concrete

U = strength of a member or cross section required to
resist factored loads or related internal moments
and forces in such combinations as stipulated in
this code

V. = nominal shear strength provided by concrete, 1b

V, = nominal shear strength, Ib

V, = nominal shear strength provided by reinforcement,
Ib

V, = factored shear force at section, Ib

w, = density, unit weight. of normalweight concrete, Ib/ft*

& = strength reduction factor

g = net tensile strain in extreme layer of longitu-

dinal tension reinforcement at nominal strength,
excluding strains due to effective creep, shrinkage,
and temperature
@seismicisolation
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value of net tensile strain in the extreme layer of
longitudinal tension reinforcement used to define a
compression-controlled section

gy =

2.2—Definitions

Please refer to the latest version of ACI Concrete Termi-
nology for a comprehensive list of definitions. Definitions
provided herein complement that resource.

above-grade walls—a wall that is more than 50 percent
above grade and that encloses occupiable or conditioned
space.

flat insulating concrete forms—insulating concrete
forming system that produces a solid concrete wall of
uniform thickness.

foundation walls—a wall that is more than 50 percent
below grade and that encloses a crawl space or encloses
occupiable or conditioned space such as a basement.

general residential code—code adopted in each jurisdic-
tion; when adopted, this code supplements and forms part of
the general residential code.

grade—the plane considered as the entrance surface to
a structure which defines a structural member as exposed
either to soil pressure and groundwater (below grade), or
to wind and snow loads (above grade); also the prepared
surface to receive a slab.

insulating concrete forms—concrete forming system
using stay-in-place forms of rigid foam plastic insulation,
a hybrid of cement and foam insulation, a hybrid of cement
and wood chips, or other insulating material for constructing
cast-in-place concrete walls.

macrofiber—fiber with an equivalent diameter greater
than or equal to 0.012 in. for use in concrete.

plain concrete—structural concrete with no reinforce-
ment other than as required for temperature and shrinkage.

reentrant corner—an internal or inside corner where a
concrete member turns or wraps around on itself, creating
an inside corner flanked by two outside corners or lengths
of concrete.

reinforced concrete—structural concrete reinforced with
no less than the minimum amount required by this code for
strength-design capacity.

Seismic Design Category——classification assigned to a
structure based on its occupancy category and the severity of
the design earthquake ground motion at the site, as defined
by the legally adopted general building code.

slump flow—measure of the unconfined flow potential of
freshly mixed self-consolidating concrete or grout.

townhouse—single-family dwelling unit constructed in
a group of three or more attached units in which each unit
extends from foundation to roof and with open space on at
least two sides.

unbalanced backfill height—difference between the
heights of the finished grade on each side of a wall.

COMMENTARY

R2.2—Definitions

unbalanced backfill height—Where an interior concrete
slab is provided, the unbalanced backfill should be measured
from the exterior finished grade level to the top of the inte-
rior concrete slab.

@seismicisolation
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wall height—distance from the top of the lower floor
framing or slab to the bottom of the upper floor framing or
slab.

@seismicisolation
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CHAPTER 3—REFERENCED STANDARDS

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

American Society of Civil Engineers
ASCE/SEI 7-16—Minimum Design Loads for Buildings
and Other Structures

ASTM International

ASTM A370-18—Standard Test Methods and Definitions
for Mechanical Testing of Steel Products

ASTM A416/A416M-18—Standard Specification for
Steel Strand, Uncoated Seven-Wire for Prestressed Concrete

ASTM A615/A615M-18—Standard Specification for
Deformed and Plain Carbon-Steel Bars for Concrete
Reinforcement

ASTM AT706/A706M-16—Standard Specification for
Low-Alloy Steel Deformed and Plain Bars for Concrete
Reinforcement

ASTM A820/A820M-16—Standard Specifications for
Steel Fibers for Fiber-Reinforced Concrete

ASTM A996/A996M-16—Standard Specification for
Rail-Steel and Axle-Steel Deformed Bars for Concrete
Reinforcement

ASTM  (C33/C33M-18—Standard Specification for
Concrete Aggregates

ASTM  (94/C94M-18—Standard Specification for
Ready-Mixed Concrete

ASTM C150/C150M-19—Standard Specification for
Portland Cement

ASTM C260/C260M-10(2016)—Standard Specification
for Air-Entraining Admixtures for Concrete

ASTM (C330/330M-17a—Standard Specification for
Lightweight Aggregates for Structural Concrete

ASTM (C494/C494M-16—Standard Specification for
Chemical Admixtures for Concrete

ASTM (C595/C595M-19—Standard Specification for
Blended Hydraulic Cements

ASTM C618-19—Standard Specification for Coal Fly Ash
and Raw or Calcined Natural Pozzolan for Use in Concrete

ASTM C685/C685M-17—Standard Specification for
Concrete Made by Volumetric Batching and Continuous
Mixing

ASTM (C989/C989M-18—Standard Specification for
Slag Cement for Use in Concrete and Mortars

ASTM C1012/C1012M-18—Standard Test Method for
Length Change of Hydraulic-Cement Mortars Exposed to a
Sulfate Solution

ASTM  C1017/C1017M-13—Standard  Specification
for Chemical Admixtures for Use in Producing Flowing
Concrete

ASTM CI1116/C1116M-10(2015)—Standard Specifica-
tion for Fiber-Reinforced Concrete
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ASTM C1157/C1157M-17—Standard Performance Spec-
ification for Hydraulic Cement

ASTM CI1218/C1218M-17—Standard Test Method for
Water-Soluble Chloride in Mortar and Concrete

ASTM C1240-15—Standard Specification for Silica
Fume Used in Cementitious Mixtures

ASTM C1579-13—Standard Test Method for Evaluating
Plastic Shrinkage Cracking of Restrained Fiber Reinforced
Concrete (Using a Steel Form Insert)

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

ASTM C1602/C1602M-18—Standard Specification for
Mixing Water Used in the Production of Hydraulic Cement
Concrete

ASTM CI1798/C1798M-19—Standard Specification for
Returned Fresh Concrete for Use in a New Batch of Ready-
Mixed Concrete

ASTM D98-15—Standard Specification for Calcium
Chloride

ASTM D422-63(2007)—Standard Test Method for
Particle-Size Analysis of Soils

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

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

ASTM D4318-17—Standard Test Methods for Liquid
Limit, Plastic Limit, and Plasticity Index of Soils

ASTM D4829-11—Standard Test Method for Expansion
Index of Soils

ASTM D7508/D7508M-10(2015)—Standard Specifica-
tion for Polyolefin Chopped Strands for Use in Concrete

International Code Council
IRC-2018—International Residential Code
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CHAPTER 4—MATERIALS

4.1—Concrete
4.1.1 Cementitious material

4.1.1.1 Cement shall conform to ASTM CI150/C150M,
(C595/C595M, or C1157/C1157M.

4.1.1.2 Fly ash and natural pozzolans shall conform to
ASTM C618.

4.1.1.3 Slag cement shall conform to ASTM C989/
C989M.

4.1.1.4 Silica fume shall conform to ASTM C1240.
4.1.2 Aggregates

4.1.2.1 Aggregates shall conform to ASTM C33/C33M or
C330/C330M.

4.1.3 Water

4.1.3.1 Water used as mixing water in producing concrete
shall conform to ASTM C1602/C1602M.

4.1.4 Admixtures

4.1.4.1 Air-entraining admixtures shall conform to ASTM
C260/C260M.

4.1.4.2 Chemical admixtures shall conform to ASTM
(C494/C494M, except that admixtures for flowing concrete
shall conform to ASTM C1017/C1017M.

4.1.4.3 Calcium chloride shall conform to ASTM D98,

4.1.5 Recycled plastic concrete

4.1.5.1 Recycled plastic concrete shall conform to ASTM
C1798/C1798M.

4.2—Reinforcement
4.2.1 Deformed reinforcement

4.2.1.1 Deformed steel reinforcing bars shall conform to
ASTM A615/A615M, AT06/AT06M, or A996/A996M. The
yield strength of reinforcement shall be at least 40,000 psi.

@seismicisolation
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CHAPTER R4—MATERIALS

R4.2—Reinforcement
R4.2.1 Deformed reinforcement
Refer to Table R4.2.1 for bar information.

Table R4.2.1—Steel reinforcing bar information

Nominal | Nominal | Nominal qii::uil: D]e::h::: T:“t

Bar diameter, | area, weight, | =7 gth, In.
size, no. in. in? 1h/ft 6y, 36d,
3 0.375 0.11 0.376 2.25 13.50
4 0.500 0.20 0.668 3 18.00
5 0.625 0.31 1.043 3.75 22.50
6 0.750 0.44 1.502 4.5 27.00

(aci
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4.2.2 Prestressing steel

4.2.2.1 Prestressing steel strand shall conform to ASTM
A416/A416M.

4.2.3 Surface conditions of reinforcement

4.2.3.1 At the time concrete is placed, deformed bar and
welded wire reinforcement shall be free of materials dele-
terious to development of bond strength between the rein-
forcement and the concrete.

4.2.4 Fiber reinforcement

4.2.4.1 Fiber-reinforced concrete shall conform to ASTM
Cl116/C1116M.

4.2.4.2 Macrofiber or microfiber shall conform to ASTM
D7508/D7508M.

4.2.4.3 Steel fiber shall conformto ASTM C1116/C1116M
and ASTM A820/A820M.

4.3—Formwork

4.3.1 Forms shall result in a final structure that conforms
to shapes. lines, and dimensions of the members as required
by the design drawings and specifications.

4.3.2 Forms shall provide a consistent surface and suffi-
ciently tight joints so that leakage of concrete or mortar does
not occur beyond the specified deviance for surface finish
or which can be cleaned from the exposed concrete surface.

4.3.3 Forms shall be braced. tied, or secured together to
maintain position and shape.

4.3.4 Forms and their supports shall be designed so as not
to damage the previously placed structure.

4.3.5 Design of formwork shall include consideration of
the following factors:
(a) Rate and method of placing concrete
(b) Construction loads, including vertical, horizontal, and
impact loads
(c) Form requirements for construction of arches, blockouts,
ledges. floor decks, or similar elements

4.4—Vapor retarder

4.4.1 A vapor retarder shall be installed under slabs that
will receive a moisture-sensitive floor covering, coating, or
adhesive, or where moisture-sensitive items will be stored in
direct contact with a slab surface.

4.4.2 A 6 mil (0.006 in.) polyethylene or approved vapor
retarder installed according to manufacturer’s recommenda-

COMMENTARY

R4.2.3 Surface conditions of reinforcement

Common surface contaminants such as concrete splatter,
rust, form oil, or other release agents have been found not
to be deleterious to bond (Taber et al. 2002; Suprenant and
Malisch 1998).

R4.3—Formwork
R4.3.1 Refer to ACI 347R and ACI SP-4 for guidance on
design and construction of formwork.

R4.4—Vapor retarder
R4.4.1 Vapor retarders are used to minimize moisture
vapor transmission through slabs.

R4.4.2 Vapor retarder performance depends on its compo-
sition and the way it is installed. ASTM E1745 describes

tions shall be placed between the concrete floor slab @salsmicisalattenclasses of vapor retarders—Class A, B, and C—in

(aci®

American Concrete Institute Copyrighted Material—www.concrete.org


https://t.me/seismicisolation

CCODE REQUIREMENTS FOR RESIDENTIAL CONCRETE AND COMMENTARY (ACI 332-20) 15

CODE

base course or the prepared subgrade where no base course
exists.

4.4.3 Vapor retarder shall be installed as follows:
(a) Base material shall be leveled and installed in a manner
to minimize future settlement.
(b) Vapor retarder material shall be installed in an orientation
to minimize joints/seams in the system.
(c) Vapor retarder shall be installed over footings and sealed
to the foundation wall, grade beam, or slab, at an elevation
consistent with the top of the slab.
(d) Vapor retarder shall be sealed around all penetrations
using manufacturer’s recommendations to create a contin-
uous membrane between the bottom of the concrete slab
and the base course or the prepared subgrade where no base
course exists.
(e) Joints shall be lapped a minimum of 6 in. or as instructed
by the manufacturer, and taped, sealed, or both, in accor-
dance with manufacturer’s recommendations.
() All damage to the vapor retarder shall be repaired prior to
the concrete placement. Repairs shall conform to manufac-
turer’s recommendations.

COMMENTARY

order of highest to lowest requirements. Class C require-
ments are:

a) Water vapor permeance of 0.1 perms

b) Tensile strength of 13.6 Ibf/in.

¢) Puncture resistance of 475 g.

Membranes (greater than 6 mil) incorporating an adhesive
layer to create a continuous bond to the concrete should be
considered when there is possible settlement of the subgrade
and loss of support of the membrane. Full adhesion of the
membrane to the bottom of the slab prevents lateral vapor
transmission.

R4.4.3 Vapor retarder placement requirements are
intended to minimize the potential for water vapor to reach
the concrete slab from the bottom or sides, when proper
detailing is provided at slab edges and around isolated inte-
rior footing per manufacturer’s recommendations, and when
protected during concrete forming, placement, and finishing
activities to help prevent damage to the membrane during
construction. ASTM E1643 covers procedures for installing
vapor retarders.

@seismicisolation
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CHAPTER 5—CONCRETE REQUIREMENTS

5.1—Exposure categories and classes

5.1.1 Exposure classes shall be assigned to concrete
members based on the severity of the anticipated exposure
for each category according to Table 5.1.1 or as determined
by the local building official.

COMMENTARY
CHAPTER R5—CONCRETE REQUIREMENTS

R5.1—Exposure categories and classes

R5.1.1 For Exposure Category RF. Exposure Class
RFO should be assigned to interiors and to footings, foun-
dations, and basement walls that are constructed below
grade. Concrete deteriorates when exposed to freezing-and-
thawing cycles when any portion of the member is in a criti-
cally saturated condition during freezing weather. Basement
and foundation walls that extend above grade less than 12 in.
are unlikely to be saturated and could generally be assigned
Exposure Class RF0. Exposure Class RF1 or RF2 should
be assigned to vertical concrete members where excessive
accumulation of ice and snow is not anticipated. Examples
include above-grade walls, and columns. Exposure Class
RF2 should be assigned to elevated or on-grade horizontal
structurally reinforced concrete members that have a likeli-
hood for prolonged contact with water to achieve a satura-
tion state. Exposure class RF3 shall apply to nonstructur-
ally reinforced soil-supported exterior slabs that are subject
to freezeing-and-thawing cycling and deicing chemicals.
Exposure Class RF4 should be assigned to the same type of
structurally reinforced members as in Exposure Class RF2
but also when exposure to deicing chemicals is anticipated.
Examples include above-grade columns and structural slabs
exposed to salts in a marine environment. Depending on
exposure conditions, garage floors can be classified as RF0
to RF3, but not RF4.

Exposure Category RS should be based on a measurement
or knowledge of the concentration of soluble sulfates in soil
or water that will be in contact with the relevant concrete
member. The referenced test methods should be used to
measure the sulfate concentrations. Other test methods can
provide different results compared with the test methods
referenced. Where the predominant soil sulfates are in the
form of gypsum, the measured sulfate content will be higher,
and these criteria will be conservative. In these cases, it is
preferable that a test method that has a history of successful
use in the geographic area of the project be permitted and
approved by the local building official. Even though concen-
tration of soluble sulfates in seawater will be high, members
exposed to seawater should be assigned to Exposure Class
RSI.

Exposure Category RC is only applicable to concrete
members with structural reinforcement and not to plain
concrete. The corrosion of the small amount of reinforce-
ment used as temperature and shrinkage steel in plain or
lightly reinforced (temperature and shrinkage steel) concrete
members does not represent a problem whereby the struc-
tural safety of the member will be compromised.

The user of this document is encouraged to develop a table
to assign exposure classes for each concrete member on a
project as shown in Table R5.1.1.

@seismicisolation
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Table 5.1.1—Exposure categories and classes

COMMENTARY

Table R5.1.1—Assigned exposure classes for
concrete members

Exposure class

RC
RF corrosion
freezing and RS protection of
Concrete member® thawing sulfate | reinforcement
Footings, foundations, and
basement walls not exposed RF*f RS* RC*
to weather
Basement slabs and interior RE# RS * RC#

slabs on grade

Footings, foundations,
basement walls, and exterior RF#! RS* RC*
walls exposed to weather

Driveways, curbs, walks,
patios, porches, steps, stairs,
and unheated garage floors
exposed to weather.

RF* RS* RC*

‘Depending on the project and or exposure conditions, fewer or additional concrete
members may need to be defined for purposes of assigning exposure classes.

'For cach concrete member, the corresponding exposure classifications should
be placed in the appropriate cell and compared to determine the most restrictive
requirements for conerete per 5.3.2.

Category Severity Class Condition
Not Concrete not exposed to freezing-
: RF0 :
applicable _ and-thawing cycles
Concrete exposed to moisture
Moderate | RF] but not likely to be in a saturated
condition when exposed to
freezing-and-thawing cycles
Reinforced concrete exposed to
moisture and with the potential
Severe RF2 | of being in a saturated condition
RF when exposed to freezing-and-
freezing and thawing cycles
thawi ; :
awing Plain concrete exposed to moisture
Ve and deicing chemicals with the
Y RF3 | potential of being saturated when
severe : e
exposed to freezing-and-thawing
cycles
Reinforced concrete exposed to
Nt moisture and deicing chemicals
i RF4 | with the potential of being saturated
severe :
when exposed to freezing-and-
thawing cycles
Water-solubl ;
sul?af; (s;(l; ] ?n Disgolved
. B sulfate (SO4)
soil, percent by | . :
£ in water, ppm’
mass
T\fot RS0 S04=0.10 50, <= 150
applicable _
st Moderate | RS1 | 0.10 <80, <0.20 1500
Seawater
1500 =50, =
£ 82 (020= =2 - -
Severe RS 20=80,=2.00 10.000
Very
RS3 S0, =2.00 S0y, = 10,000
severe
Not Concrete dry or protected from
: RCO :
applicable moisture
. . Concrete containing structural
. Moderate | RCI steel r_emforccmem and exposed
RC* to moisture but not to external
corrosion | sources of chlorides
protection of ..
: Concrete containing structural
reinforcement ;
steel reinforcement and exposed to
Sev RC2 moisture and an external source of
ey chlorides from deicing chemicals,
salt, brackish water, seawater, or
spray from these sources

“Percent sulfate by mass in soil shall be determined by ASTM C1580.

*Concentration of dissolved sulfates in water in ppm shall be determined by ASTM
D316 or ASTM D4130.

tExposure Category RC applies to conerete members designed with reinforeing steel
to resist loads. Does not apply to members with minimum steel reinforcement used
for control of cracking due to temperature and shrinkage or to steel fiber-reinforced
concrete.

The terms “plain conerete” and “reinforced concrete” refer to the use of structural
reinforcement as found in 2.1 and 6.5,
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5.2—General requirements

5.2.1 The value of /.’ shall be the greatest of the values
required by Table 5.1.1 based on exposure class or as
required for structural strength. Concrete mixtures shall be
proportioned to achieve the strength and to comply with the
slump, air content, and cementitious materials limitations in
this chapter.

5.3—Requirements for concrete mixtures

5.3.1 Coarse aggregate size—The nominal maximum size
of coarse aggregate shall not exceed the smallest of (a), (b),
and (c):
(a) one-fifth of the minimum wall thickness
(b) one-third of the cross-sectional dimension of a member
(c) three-fourths of the specified minimum clear spacing
between reinforcing bars or clear cover

5.3.2 Based on the exposure classes assigned from 5.1.1,
concrete mixtures shall comply with the most restrictive
requirements according to Table 5.3.2.

COMMENTARY

R5.2—General requirements

R5.2.1 The specifier can require a higher specified strength
than indicated in this code. The concrete supplier proportions
concrete mixtures to achieve an average strength higher than
the specified strength. The purchaser may request docu-
mentation demonstrating that the concrete being supplied
will achieve the specified strength requirements. ACI 301
provides guidance for proportioning mixtures to meet speci-
fied compressive strength. If strength verification is required.
cylinders shall be taken by an ACI Certified Field Techni-
cian or technician certified by an equivalent program during
time of placement and shall be tested according ASTM C39/
C39M. The concrete strength is considered satisfactory as
long as averages of any three consecutive strength tests
remain above the specified /.’ and no individual strength test
falls below the specified f." by more than 500 psi.

R5.3—Requirements for concrete mixtures

R5.3.1 These aggregate size limitations do not apply (may
be waived) if workability and consolidation methods facili-
tate the placement of concrete without honeycombs or voids.
Selecting the largest maximum aggregate size consistent
with workability and placement can reduce the paste and
water content, resulting in reduced volume change, and typi-
cally results in a more economical mixture design.

R5.3.2 Concrete durability is improved by the introduction
of air entrainment for resistance to freezing and thawing, the
use of a w/em less than or equal to 0.45 to reduce the perme-
ability of concrete to water and deleterious chemicals, and
proper curing (refer to 6.5).

The type and performance of water-reducing admixtures
are selected based on the intended application and include
both high-range water-reducing admixtures (HRWRAS)
and mid-range water-reducing admixtures (MRWRAS).
HRWRAs and MRWRAS result in large to moderate water
reductions, respectively, in mixtures while maintaining
greater workability (slump) without causing undue set retar-
dation or increased air entrainment. If slump verification is
required, slump testing shall be in accordance with ASTM
C143/C143M. A traditional slump limit is not appropriate
for self-consolidated concrete, where the consistency of the
concrete is measured in terms of slump flow in accordance
with ASTM C1611/C1611M. Slump flow in the range of 20
to 28 in. is generally used for residential concrete. Refer to
ACI 237R for additional information.

For Exposure Class RS3, it is permitted to use cementi-
tious materials in concrete mixtures that have a good
service record in similar exposure conditions. When typical
concrete mixtures used in the region have had good service
history that exceeds approximately 5 years, testing mixtures
in accordance with 5.4.2 to establish the additional quan-
tity of pozzolans and slag cement is not necessary. The MS
and HS designations for blended cements complying with
ASTM C595/C595M and ASTM CI1157/C1157M are tested

@seismicisaiatiomply with the requirements of Table 5.4.2.
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Table 5.3.2—Concrete design requirements for exposure categories and classes
Maximum Minimum f;',
Exposure class wiem psi*® Additional minimum requirements
Limits on
cementitious
Air content materials
RF0 N/A 2500 N/A N/A
RF1 0.55 3500 Table 5.4.1 N/A
RF2 0.45 4500 Table 5.4.1 N/A
RF3 0.45 4500 Table 5.4.1 Table 5.4.2
RF4 0.40 5000 Table 5.4.1 Table 5.4.2
titi terials™—
| Cementitious materials Q’Pes Calcium chloride
| ASTM CI50/CI150M | ASTM C595/C595M | ASTM C1157/C1157TM admixture
RS0 N/A 2500 No type restriction No type restriction No type restriction No restriction
Types with (MS o
RSI 0.50 2500 il ypes wath (M3) MS No restriction
designation
4 s with .
RS2 0.45 3000 vi Types with (HS) HS Not permitted
designation
Types with (HS)
signati lus HS + pozzol: i ;
RS3 0.45 3000 V + pozzolan or slag§ esignation plus 5-tpozzo .m( HERE Not permitted
pozzolan or slag cement?
cement ¥
Maximum water-soluble chloride ion (CI") content in concrete, percent by mass of
| cementitious materials! in reinforced concrete
RCO N/A 2500 \ 1.00
RC1 N/A 2500 0.30
RC2 0.40 4000 0.15
"Concrete compressive strength specified /' shall be based on 28-day tests per ASTM C39/C39M.
"Alternative combinations of cementitious materials of those listed in Table 5.4.2 shall be permitted when tested for sulfate resistance and meeting the criteria in 5.5,
FOther available types of cement such as Type Il or Type | are permitted in Exposure Classes RS1 or RS2 if the C;A contents are fess than 8 or 5 percent, respectively.
$The amount of the specific source of the pozzolan or slag to be used shall not be less than the amount that has been determined by service record to improve sulfate resistance
when used in concrete containing Type V cement. Alternatively, the amount of the specific source of the pozzolan or slag to be used shall not be less than the amount tested in
accordance with ASTM C1012/C1012M and meeting the criteria in 5.5.1.
I'Water-soluble chloride ion content that is contributed from the ingredients including water, aggregates, cementitious materials, and admixtures shall be determined on the concrete
mixture by ASTM C1218/C1218M between 28 and 42 days.

Calcium chloride is a common and effective chemical
admixture used to accelerate the setting time and rate of
strength gain in cold weather construction. Its use is not
permitted for members assigned with Exposure Classes RS2
and RS3 because of the potential for reducing the sulfate
resistance of concrete. Its use may also be restricted for
members with structural reinforcement assigned to Expo-
sure Category RC. The limits for calcium chloride are stated
in terms of chloride ions. When there is no other source of
chlorides in the concrete ingredients, the limit on calcium
chloride is approximately double the chloride ion limit (a 1
percent chloride ion limit is roughly equivalent to 2 percent
calcium chloride). When calcium chloride use is restricted,
non-chloride-based accelerating admixtures may be used for
the same purpose.
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5.4—Additional requirements for freezing-and-
thawing exposure

5.4.1 Normalweight concrete subject to Exposure Cate-
gory RF1 through RF4 shall be air entrained with a total air
content as indicated in Table 5.4.1. Tolerance on air content
as delivered shall be +1.5 percent. For /.’ greater than 5000
psi, reduction of air content indicated in Table 5.4.1 by 1.0
percent shall be permitted.

Table 5.4.1—Total air content for concrete
assigned to exposure category RF

Total air content, percent’

Nominal maximum Exposure Exposure Classes
aggregate size, in.” Class RF1 RF2, RF3, and RF4

3/8 6 7.5

1/2 5.3 7

3/4 [ 5 ‘ 6

1 4.5 6

1-1/2 4.5 55

2 . 4 ‘ 5

3 35 4.5

‘Refer to ASTM C33/C33M for tolerance on oversized aggregate for various
nominal maximum size designations.

*Tolerance on air content of 1.5 percent shall be permissible.

5.4.2 The quantity of pozzolans, including fly ash and
silica fume, and slag in concrete subject to Exposure Class
RF3 shall not exceed the limits in Table 5.4.2.

Table 5.4.2—Requirements for concrete subject to
exposure class RF3 and RF4

Maximum percent
of total cementitious

Cementitious materials materials by weight*

Fly ash or other pozzolans conforming to

25
ASTM C618
Slag conforming to ASTM C989/C989M | 50
Silica fume conforming to ASTM C1240 | 10
Total of fly ash or other pozzolans, slag, and ‘ s
silica fume N
Total of fly ash or other pozzolans and silica . 150

fume

*The total cementitious material also includes ASTM C150/C150M, C395/C595M,
C8435, and CI157/C1157M cement.

The maximum percentages above shall include:

(a) Fly ash or other pozzolans in Type IP blended cement, ASTM C595/C595M, or
ASTM C1157/C115TM

(b) Slag used in the manufacture of an IS blended cement, ASTM C395/C595M, or
ASTM C1157/C115TM

(e} ASTM C1240 silica fume present in a blended cement

"Fly ash or other pozzolans and silica fume shall constitute no more than 25 and 10

ereent, respectively, of the total weight of the cementitious materials.

COMMENTARY

R5.4—Additional requirements for freezing-and-
thawing exposure

R5.4.1 Air-entrained concrete is essential for durability of
concrete exposed to freezing-and-thawing cycles. A lower air
content is justified for members assigned an Exposure Class
RF1 because of the reduced likelihood that these members
will be in a saturated condition when exposed to freezing
and thawing cycles. Higher air contents than indicated in
Table 5.4.1 will reduce strength and will not improve dura-
bility. If verification of air content is specified, testing shall
be performed by an ACI Certified Field Technician or tech-
nician certified by an equivalent program and in accordance
with ASTM C231/C231M or C173/C173M, as appropriate.
If concrete fails to meet the required air entrainment at the
lower end of the tolerance, steps should be taken to increase
the air content.

R5.4.2 Table 5.4.2 establishes limitations on the amount
of fly ash, other pozzolans, silica fume, and slag cement that
can be included in concrete members assigned to Exposure
Category RF3 and RF4. The quantity of these materials
includes those in blended cements (ASTM C595/C595M
and CI1157/C1157M), separately added when batching
concrete, or both. Exceeding these limitations may increase
the potential for surface scaling. These limits on supplemen-
tary cementitious materials should not be applied to concrete
members that are Class RF0, RF1, or RF2.
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5.5—Alternative cementitious materials for sulfate
exposure

5.5.1 Alternative combinations of cementitious materials
to those listed in Table 5.1.1 shall be permitted when tested
for sulfate resistance and meeting the criteria in Table 5.5.1.

Table 5.5.1—Requirements for establishing
suitability of cementitious materials combinations
exposed to water-soluble sulfate

Maximum expansion when tested using ASTM
C1012/C1012M
Exposure .
class At 6 months At 12 months At 18 months
RSI 0.10 percent — =
RS2 0.05 percent | 0.10 percent’
RS3 — . — 0.10 percent
"The 12-month expansion limit applies only when the measured expansion exceeds
the 6-month maximum expansion limit.

5.6—Concrete cover
5.6.1 Concrete cover shall have a tolerance of +3/8 in.

5.6.2 Concrete cover for slabs-on-ground shall be in
accordance with 10.6.1.

5.6.3 Clear cover to reinforcement in concrete footings
and walls shall be in accordance with 5.6.4 through 5.6.7.

5.6.4 Cover to reinforcement for concrete cast against
earth shall be at least 3 in.

5.6.5 Cover to reinforcement for concrete not exposed to
earth or weather shall be at least 3/4 in.

5.6.6 Cover to reinforcement, with a size not larger than a
No. 5 bar or W31 or D31 wire, for concrete exposed to earth
or weather shall be at least 1-1/2 in.

5.6.7 Cover to reinforcement, with a size not smaller than
a No. 6 bar, for concrete exposed to earth or weather shall
be at least 2 in.

COMMENTARY

R5.5—Alternative cementitious materials for
sulfate exposure

R5.5.1 Testing required to qualify cementitious mate-
rials in Table 5.5.1 takes considerable time and may not be
possible with typical project schedules. It is permitted to use
concrete mixtures with good service records in these circum-
stances. The expansion criteria for Exposure Classes RS1
and RS2 are the same as those for the MS and HS designa-
tions, respectively, for cements manufactured in accordance
with ASTM C595/C595M and C1157/C1157M. Therefore,
these blended cements may be an option in these exposure
conditions.

R5.6—Concrete cover

R5.6.4 In some instances, it is advantageous or neces-
sary for one or more sides of the formed concrete to be cast
against an excavated earth surface. This section refers to
these instances where the placing operation results in the
concrete directly contacting the earth. Exceptions to this
coverage limit include the placement of footing dowels in
accordance with 8.2.2.1.1 when the dowels are not contin-
uous as or are lap spliced with vertical reinforcement.
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CHAPTER 6—DESIGN OF STRUCTURAL
CONCRETE

6.1—Scope

6.1.1 This chapter shall apply to design of structural
concrete in structures or portions of structures defined in
Chapter 1.

6.1.2 It shall be permitted to design a structural system
comprising structural members not in accordance with this
chapter, provided the structural system is approved in accor-
dance with 1.2.

6.2—Materials
6.2.1 Concrete design properties

6.2.1.1 Modulus of elasticity, E., for concrete shall be
permitted to be calculated as (a) or (b):
(a) For values of w. between 90 and 160 1b/ft®

E.=w.)333\f' (in psi) (6.2.1.1a)
(b) For normalweight concrete:
E.= 57,000 (in psi) (6.2.1.1b)

6.2.1.2 Modulus of rupture, f,, for concrete shall be calcu-
lated by
F=TSE (6.2.1.2)
where, A is 1 for normalweight concrete.

Alternatively, performance-based procedures may be
employed as permitted in 1.2 to determine f..

6.2.2 Steel reinforcement design properties

6.2.2.1 Yield strength of bars and wires shall be deter-
mined by either (a) or (b):
(a) The offset method, using an offset of 0.2 percent in accor-
dance with ASTM A370
(b) The yield point by the halt-of-force method, provided
the bar or wire has a sharp-kneed or well-defined yield point

6.2.2.2 The stress below f, shall be E, times steel strain.
For strains greater than that corresponding to f;, stress shall
be considered independent of strain and equal to f,.

COMMENTARY

CHAPTER R6—DESIGN OF STRUCTURAL
CONCRETE

R6.1—Scope

R6.1.2 Some materials, structural members, or systems
that may not be recognized in the provisions of the code may
still be acceptable if they meet the intent of the code. Section
1.2 outlines the procedures for obtaining approval of alterna-
tive materials and systems.

R6.2—Materials

R6.2.2 Steel reinforcement design properties

R6.2.2.2 For deformed reinforcement, it is reasonably
accurate to assume that the stress in reinforcement is propor-
tional to strain below the specified yield strength f,. The
increase in strength due to the effect of strain hardening of
the reinforcement is neglected for nominal strength calcula-
tions. In nominal strength calculations, the force developed
in tension or compression reinforcement is calculated as:

if g, < g, (yield strain)

A.S'.f.;‘ = A.!' E & 8.!'
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6.2.2.3 Modulus of elasticity, E,, for steel reinforcement
shall be taken as 29,000,000 psi.

6.3—Load factors and combinations

6.3.1 Required strength U shall be at least equal to the
effects of factored loads in Table 6.3.1, with exceptions and
additions in 6.3.3 through 6.3.7.

Table 6.3.1—Load factors and combinations

Primary
Load combination Equation load
U=14D (6.3.1a) D
U=12D+1.6L+0.5(L, or Sor R) (6.3.1b) L
U=12D+1.6(L, or Sor R+ (1.0L or 0.5W) | (6.3.1¢c) L;;’TRS
U=12D+1.0W+ 1.0L +0.5(L, or S or R) (6.3.1d) W
U=12D+1.0E+ 1.0L+028 (6.3.1e) E
U=0.9D+ 1.0W (6.3.11)
U=0.9D+1.0E (6.3.1g) E

6.3.2 The effect of one or more loads not acting simultane-
ously shall be investigated.

6.3.3 If applicable, L shall include (a) through (c):
(a) Concentrated live loads
(b) Vehicular loads
(c) Loads on handrails

6.3.4 If wind load ¥ is based on allowable stress loads, 1.6
shall be used in place of 1.0/ in Eq. (6.3.1d) and (6.3.11), and
0.8 shall be used in place of 0.5W in Eq. (6.3.1c).

6.3.5 The structural effects of forces due to restraint of
anticipated volume change and differential settlement 7 shall
be considered in combination with other loads if the effects
of T can adversely affect structural safety or performance.
The load factor for 7 shall be established considering the
uncertainty associated with the likely magnitude of 7, the
probability that the maximum effect of 7" will occur simulta-
neously with other applied loads, and the potential adverse
consequences if the effect of 7 is greater than assumed. The
load factor on 7 shall not have a value less than 1.0.

COMMENTARY
ife;>e,
Asfi=Af,

where g, is the value from the strain diagram at the location
of the reinforcement.

R6.3—Load factors and combinations

The required strength U is expressed in terms of factored
loads, or related internal moments and forces. The factor
assigned to each load is influenced by the degree of accu-
racy to which the load effect usually can be calculated and
the variation that might be expected in the load during the
lifetime of the structure. Dead loads, because they are more
accurately determined and less variable, are assigned a
lower load factor than live loads. Load factors also account
for variability in the structural analysis used to calculate
moments and shears.

The code gives load factors for specific combinations of
loads. In assigning factors to combinations of loading, some
consideration is given to the probability of simultaneous occur-
rence. While most of the usual combinations of loadings are
included, it should not be assumed that all cases are covered.

Due regard is to be given to the sign (positive or nega-
tive) in determining U for combinations of loadings, as one
type of loading may produce effects of opposite sense to that
produced by another type.

The load combinations with 0.9D are included for the case
where a higher dead load reduces the effects of other loads.
Consideration should be given to various combinations of
loading to determine the most critical design condition.

If unusual circumstances require greater reliance on the
strength of particular members than circumstances encoun-
tered in usual practice, some reduction in the stipulated
strength reduction factors ¢ or increase in the stipulated load
factors may be appropriate for such members.

R6.3.5 Several strategies can be used to accommodate
movements due to volume change and differential settle-
ment. Restraint of such movements can cause significant
member forces and moments, such as tension in slabs and
shear forces and moments in vertical members. Forces due
to T effects are not commonly calculated and combined
with other load effects. Rather, designs rely on successful
past practices using compliant structural members and
ductile connections to accommodate differential settlement
and volume change movement while providing the needed
resistance to gravity and lateral loads. Expansion joints and
construction closure strips are used to limit volume change
movements based on the performance of similar structures.
Shrinkage and temperature reinforcement, which may

@seismicisolatiorexceed the required flexural reinforcement, is commonly
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6.3.6 If lateral earth pressure H is present, it shall be
included in the load combination equations of 6.3.1 in accor-
dance with (a), (b), or (c):

(a) If H acts alone or adds to the primary load effect, it shall
be included with a load factor of 1.6.

(b) Ifthe effect of H is permanent and counteracts the primary
load effect, it shall be included with a load factor of 0.9.

(c) If the effect of H is not permanent but, when present,
counteracts the primary load effect, H shall not be included.

6.4—Strength reduction factors
6.4.1 Strength reduction factors ¢ shall be in accordance
with Table 6.4.1a and 6.4.1b.

Table 6.4.1a—Strength reduction factors ¢

Action or structural member ¢

0.65 to 0.90 in accordance
with Table 6.4.1b

Moment, axial force, or combined
moment and axial force

(a)

(b) Shear 0.75
(¢) Bearing 0.65
(d) Plain concrete members 0.6

Table 6.4.1b—Strength reduction factors ¢ for
moment, axial force, or combined moment and
axial force

Net tensile strain

£ Classification ¢
Compression- )
<g, s
) B =By controlled 4,65
(b) | &, <g<0005| Transition 0.65 +0.25 (g, — £,)/0.005 —g,)
Tension-
| ==20005 controlled a2

"Without spirals.

'For sections ¢lassified as transition, it shall be permitted to use ¢ corresponding to
compression-controlled sections.

6.5—Plain concrete
6.5.1 General

6.5.1.1 Plain concrete shall be permitted only in cases (a)
through (c):
(a) Footings
(b) Walls
(c) Slabs supported on ground

COMMENTARY

proportioned based on gross concrete area rather than calcu-
lated force. Where structural movements can lead to damage
of nonductile members, calculation of the predicted force
should consider the inherent variability of the expected
movement and structural response.

R6.3.6 The required load factors for lateral pressures from
soil, water in soil, and other materials, reflect their vari-
ability and the possibility that the materials may be removed.
The commentary of ASCE/SEI 7 includes additional useful
discussion pertaining to load factors for H.

R6.4—Strength reduction factors

R6.4.1 The strength reduction factors in this code are
compatible with the ASCE/SEI 7 load combinations, which
are the basis for the required factored load combinations in
6.3.1.

R6.5—Plain concrete

R6.5.1 General

Because the strength and structural integrity of structural
plain concrete members is based solely on the member size,
concrete strength, and other concrete properties, use of
structural plain concrete should be limited to members:
(a) That are primarily in a state of compression
(b) That can tolerate random cracks without detriment to
their structural integrity
(c¢) For which ductility is not a performance requirement of
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6.5.2 Connection to other members

6.5.2.1 Tension shall not be transmitted through outside
edges, construction joints, contraction joints, or isolation
joints of an individual plain concrete member.

6.5.2.2 Walls shall be braced against lateral translation.
6.5.3 Required strength

6.5.3.1 Required strength shall be calculated in accor-
dance with the factored load combinations defined in 6.3.

6.5.4 Design strength
6.5.4.1 General

6.5.4.1.1 For each applicable factored load combination,
design strength at all sections shall satisfy (a) through (d).
Interaction between load effects shall be considered.
(a) ¢M, = M,
{b) ¢P" 2 PI’{
(c)oVuzV,
(d) B, = B,

6.5.4.1.2 ¢ shall be determined in accordance with 6.4,

6.5.4.1.3 Tensile strength of concrete shall be permitted to
be considered in design.

COMMENTARY

The tensile strength of concrete can be used in design of
structural plain concrete members. Tensile stresses due to
restraint from creep, shrinkage, or temperature effects are
to be considered to avoid uncontrolled cracks or structural
failure.

R6.5.3 Required strength

R6.5.3.1 Plain concrete members are proportioned for
adequate strength using factored loads and forces. When
the design strength is exceeded, the cross section should
be increased, the specified strength of concrete increased,
or both, or the member designed as a reinforced concrete
member in accordance with the code. An increase in concrete
section may have a detrimental effect; stress due to load will
decrease but stresses due to creep, shrinkage. and tempera-
ture effects may increase.

R6.5.4 Design strength

R6.5.4.1 General

R6.5.4.1.2 The strength reduction factor ¢ for plain
concrete design is the same for all strength conditions.
Because both flexural tensile strength and shear strength for
plain concrete depend on the variability of tensile strength
characteristics of the concrete, with no reserve strength or
ductility possible due to the absence of reinforcement, equal
strength reduction factors for both bending and shear are
considered appropriate.

R6.5.4.1.3 Flexural tension may be considered in design
of plain concrete members to resist loads, provided the
calculated stress does not exceed the permissible stress, and
construction, contraction, or isolation joints are provided to
relieve the resulting tensile stresses due to restraint of creep,
shrinkage, and temperature effects.
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6.5.4.1.4 Flexure and axial strength calculations shall be
based on a linear stress-strain relationship in both tension
and compression.

6.5.4.1.5 No strength shall be assigned to shrinkage and
temperature steel reinforcement.

6.6—Sectional strength of reinforced sections
6.6.1 General

6.6.1.1 This section shall apply to calculating nominal
strength at sections of members, including (a) through (d):
(a) Flexural strength
(b) Axial strength or combined flexural and axial strength
(c) One-way shear strength
(d) Bearing strength

6.6.1.2 Design strength at a section shall be taken as
the nominal strength multiplied by the applicable strength
reduction factor ¢ given in 6.4,

6.6.2 Design assumptions for moment and axial strength

6.6.2.1 Equilibrium and strain compatibility

6.6.2.1.1 Equilibrium shall be satisfied at each section.

6.6.2.1.2 Strain in concrete and reinforcement shall be
assumed proportional to the distance from neutral axis.

6.6.2.2 Design assumptions for concrete

6.6.2.2.1 Maximum strain at the extreme concrete
compression fiber shall be assumed equal to 0.003.

6.6.2.2.2 Tensile strength of concrete shall be neglected in
flexural and axial strength calculations.

COMMENTARY

R6.5.4.1.5 Strength of reinforcement added to the plain
concrete member to provide temperature and shrinkage
cracking control should not be used.

R6.6—Sectional strength of reinforced sections
R6.6.1 General
The provisions in this chapter apply where the strength of
the member is evaluated at critical sections.

R6.6.2 Design assumptions for moment and axial strength

R6.6.2.1 Equilibrium and strain compatibility

The flexural and axial strength of a member calculated
by the strength design method of the code requires that two
basic conditions be satisfied: 1) equilibrium; and 2) compati-
bility of strains. Equilibrium refers to the balancing of forces
acting on the cross section at nominal strength. The relation-
ship between the stress and strain for the concrete and the
reinforcement at nominal strength is established within the
design assumptions allowed by 6.6.2.

R6.6.2.1.2 Many tests have confirmed that it is reasonable
to assume a linear distribution of strain across a reinforced
concrete cross section (plane sections remain plane), even
near nominal strength.

The strain in both reinforcement and in concrete is
assumed to be directly proportional to the distance from the
neutral axis. This assumption is of primary importance in
design for determining the strain and corresponding stress in
the reinforcement.

R6.6.2.2 Design assumptions for concrete

R6.6.2.2.1 The maximum concrete compressive strain at
crushing of the concrete has been observed in tests of various
kinds to vary from 0.003 to higher than 0.008 under special
conditions. However, the strain at which strength of the
member is developed is usually 0.003 to 0.004 for members
of normal proportions, materials, and strength.

R6.6.2.2.2 The tensile strength of concrete in flexure
(modulus of rupture) is a more variable property than the
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6.6.2.2.3 The relationship between concrete compressive
stress and strain shall be represented by a rectangular, trap-
ezoidal, parabolic, or other shape that results in prediction
of strength in substantial agreement with results of compre-
hensive tests.

6.6.2.2.4 The equivalent rectangular concrete stress distri-
bution in accordance with 6.6.2.2.4.1 through 6.6.2.2.4.3
satisfies 6.6.2.2.3.

6.6.2.2.4.1 Concrete stress of 0.85/." shall be assumed
uniformly distributed over an equivalent compression zone
bounded by edges of the cross section and a line parallel
to the neutral axis located a distance a from the fiber of
maximum compressive strain, as calculated by:

a=Bic (6.6.2.2.4.1)

6.6.2.2.4.2 Distance from the fiber of maximum compres-
sive strain to the neutral axis ¢ shall be measured perpen-
dicular to the neutral axis.

6.6.2.2.4.3 Values of ; shall be in accordance with Table
6.6.2.2.4.3.

Table 6.6.2.2.4.3—Values of B, for equivalent
rectangular concrete stress distribution

S psi B
2500 < /' < 4000 0.85 (a)
4000 < £ < 8000 0.85 — (0.05(7." — 4000)/1000) (b)

6.6.3 Flexural strength
6.6.3.1 General

6.6.3.1.1 Nominal flexural strength M, shall be calculated
in accordance with the assumptions of 6.6.2.

6.6.3.1.2 M, shall be calculated at the tension face:
M,=f. % 8§, (6.6.3.1.2)

where S, is the corresponding elastic section modulus and
M, is the nominal flexural strength.

American Concrete Institute Copyrighted Material—www.concrete.org
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of the compressive strength. Tensile strength of concrete
in flexure is conservatively neglected in calculating the
nominal flexural strength. The strength of concrete in
tension, however, is important in evaluating cracking and
deflections at service loads.

R6.6.2.2.3 At high strain levels, the stress-strain relation-
ship for concrete is nonlinear (stress is not proportional to
strain). As stated in 6.6.2.2.1, the maximum usable strain is
set at 0.003 for design. The actual distribution of concrete
compressive stress within a cross section is complex and
usually not known explicitly. Research has shown that the
important properties of the concrete stress distribution can
be approximated closely using any one of several different
assumptions for the shape of the stress distribution.

R6.6.2.2.4 For design, the code allows the use of an equiv-
alent rectangular compressive stress distribution (stress
block) to replace the more detailed approximation of the
concrete stress distribution.

R6.6.2.2.4.1 The equivalent rectangular stress distribu-
tion does not represent the actual stress distribution in the
compression zone at nominal strength, but does provide
essentially the same nominal combined flexural and axial
compressive strength as obtained in tests (Mattock et al.
1961).

R6.6.2.2.4.3 The values for B, were determined experi-
mentally. The lower limit of B, is based on experimental data
from beams constructed with concrete strengths greater than
8000 psi (Leslie et al. 1976; Karr et al. 1978).
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6.6.4 Axial strength or combined flexural and axial strength
6.6.4.1 General

6.6.4.1.1 Nominal flexural M, and axial strength P, shall
be calculated in accordance with the assumptions of 6.6.2.

6.6.4.2 Maximum axial compressive strength

6.6.4.2.1 Nominal axial compressive strength P, shall not
exceed P, ... in accordance with Table 6.6.4.2.1, where P,
is calculated by Eq. (6.6.4.2.1.2) for cast in place concrete
members of plain concrete or reinforced concrete as defined
in Section 2.2.

Table 6.6.4.2.1—Maximum axial strength

Member

Transverse reinforcement P

Nonprestressed Ties conforming to 6.6.4.3.2 0.80P,

6.6.4.2.1.2 For cast-in-place concrete members and
composite steel and concrete members, P, shall be calcu-
lated by

Pu = OSSﬂF(At.’ - Asr) +,ﬁA.r:

where A,, is the total area of cast in place concrete longitu-
dinal reinforcement.

6.6.4.3 Tie reinforcement for lateral support of longitu-
dinal reinforcement in compression members shall satisfy
6.6.4.3.1 and 6.6.4.3.2.

6.6.4.3.1 Lateral support of longitudinal bars using ties

6.6.4.3.1.1 In any story, the bottom tie shall be located not
more than one half the tie spacing above the top footing or
slab.

6.6.4.3.1.2 In any story, the top tie shall be located not
more than one-half the tie spacing below the lowest hori-
zontal reinforcement in the slab. If beams frame into all
sides of the column, the top tie shall be located not more
than 3 in. below the lowest horizontal reinforcement in the
shallowest beam.

6.6.4.3.2 Ties

6.6.4.3.2.1 Ties shall consist of a closed loop of deformed
bar with spacing in accordance with (a) and (b):
(a) Clear spacing of at least (4/3) % dyq,
(b) Center-to-center spacing shall not exceed the least of
164, of longitudinal bar, 484, of tie bar, and smallest dimen-
sion of member
(c) Rectilinear ties shall be arranged to satisfy (i) and (ii):

COMMENTARY

R6.6.4 Axial strength or combined flexural and axial strength

R6.6.4.2 Maximum axial compressive strength

R6.6.4.2.1 To account for accidental eccentricity, the
design axial strength of a section in pure compression is
limited to 80 to 85 percent of the nominal axial strength.
These percentage values approximate the axial strengths at
eccentricity-to-depth ratios of 0.10.
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(i) Every comner and alternate longitudinal bar shall

have lateral support provided by the corner of a tie with

an included angle of not more than 135 degrees

(ii) No unsupported bar shall be farther than 6 in. clear

on each side along the tie from a laterally supported bar
(d) Anchorage of rectilinear ties shall be provided by stan-
dard hooks that conform to ACI 318-19 Section 25.3.2 and
engage a longitudinal bar. A tie shall not be made up of inter-
locking headed deformed bars.

6.6.4.3.2.2 Diameter of tie bar shall be at least (a) or (b):
(a) No. 3 enclosing No. 10 or smaller longitudinal bars
(b) No. 4 enclosing No. 11 or larger longitudinal bars
6.6.5 One-way shear strength

6.6.5.1 General

6.6.5.1.1 Nominal one-way shear strength at a section, V,,
shall be calculated by:

Va=Vet Ve (6.6.5.1.1)

6.6.5.1.2 Cross-sectional dimensions shall be selected to
satisfy Eq. (6.6.5.1.2).
Vu< OV + 81 budd) (6.65.1.2)

6.6.5.1.3 Effect of any openings in members shall be
considered in calculating V.

6.6.5.2 V. calculation

6.6.5.2.1 V. shall be calculated by
Ve=2,fb.d (6.6.5.2.1)

6.6.5.3 V, calculation

6.6.5.3.1 Shear reinforcement satisfying (a) shall be permitted.
(a) Stirrups or ties perpendicular to longitudinal axis of member

6.6.5.3.2 For shear reinforcement in 6.6.5.5.3.1, V, shall
be calculated by

Vi=A,fidls

American Concrete Institute Copyrighted Material—www.concrete.org
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R6.6.5 One-way shear strength
R6.6.5.1 General

R6.6.5.1.1 In a member without shear reinforcement,
shear is assumed to be resisted by the concrete. In a member
with shear reinforcement, a portion of the shear strength is
assumed to be provided by the concrete and the remainder
by the shear reinforcement.

The shear strength provided by concrete, V., is assumed to
be the same for members with and without shear reinforce-
ment and is taken as the shear causing inclined cracking
(Joint ACI-ASCE Committee 426 1973; MacGregor and
Hanson 1969; Joint ACI-ASCE Committee 326 1962).
After cracking, V. is attributed to aggregate interlock,
dowel action, and the shear transmitted across the concrete
compression zone. The shear strength is based on an average
shear stress over the effective cross section b,d.

R6.6.5.1.2 The limit on cross-sectional dimensions in
6.6.5.1.2 is intended to minimize the likelihood of diagonal
compression failure in the concrete and limit the extent of
cracking.

R6.6.5.1.3 Openings in the web of a member can reduce
its shear strength. The effects of openings are discussed in
4.7 of Joint ACI-ASCE Committee 426 (1973), Barney et al.
(1977), and Schlaich et al. (1987).
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where s is the longitudinal spacing of the shear reinforce-
ment, and A, is given in 6.6.5.5.3.3.

6.6.5.3.3 For each rectangular tie, stirrup, or crosstie, A,
shall be the effective area of all bar legs or wires within
spacings.

6.6.6 Bearing

6.6.6.1 Nominal bearing strength B, shall be calculated in
accordance with Table 6.6.6.1, where A4, is the loaded area,
and A, is the area of the lower base of the largest frustum of
a pyramid, cone, or tapered wedge contained wholly within
the support and having its upper base equal to the loaded
area. The sides of the pyramid, cone, or tapered wedge shall
be sloped 1 vertical to 2 horizontal.

Table 6.6.6.1—Nominal bearing strength

Geometry of bearing area B, |
Suppurt‘ing surface is wider Lesdacor | [A + A, (085£'4)) | (a)
on all sides than the loaded
(a) and (b) T
area 2(0.85('4,) (b)
Other cases 0,854, (c)

6.7—Design limits

6.7.1 Design limits are specified in the respective member
chapter.

6.8—Reinforcement detailing
6.8.1 Concrete cover for wall vertical reinforcement shall
be in accordance with 5.6.

6.8.2 Development lengths of deformed reinforcement
shall be in accordance with Table 6.8.2

Table 6.8.2—Required development lengths for
deformed reinforcement

No. 6 and
smaller bars
and deformed = No. 7 and
Spacing and cover wires larger bars
Clear spacing of bars or wires being
developed or lap spliced not less than
d,. clear cover at least dj, and stirrups or
ties throughout £, not less than the code
minimum £/2 sJrd, |1 i 20/ 1d,
or
Clear spacing of bars or wires being
developed or lap spliced at least 24, and
clear cover at least d,,
Other cases 5 ”50\/.1‘_."0';. f_.-MO\/fdh

6.8.3 Spacing of reinforcement shall be a maximum of
48 in.

COMMENTARY

R6.6.6 Bearing

R6.6.6.1 The permissible bearing stress of 0.85/." is based
on tests reported in Hawkins (1968). Where the supporting
area is wider than the loaded area on all sides, the surrounding
concrete confines the bearing area, resulting in an increase
in bearing strength. 4, is the loaded area but not greater than
the bearing plate or bearing cross-sectional area.

Where the top of the support is sloped or stepped, advan-
tage may still be taken of the condition that the supporting
member is larger than the loaded area, provided the
supporting member does not slope at too great an angle.
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CHAPTER 7—CONCRETE PRODUCTION AND
PLACEMENT

7.1—Concrete

7.1.1 Ready mixed concrete shall be ordered, batched,
mixed, and transported in accordance with ASTM (94/
C94M.

7.1.2 Concrete produced by volumetric batching and
continuous mixing shall be batched and mixed in accordance
with ASTM C685/C685M.

7.1.3 Frozen materials or materials containing ice shall not
be used.

7.2—Placement
7.2.1 Specified concrete properties in accordance with 5.3
and 5.4 shall be provided at point of delivery.

7.2.2 Concrete shall be placed by methods that maintain
the properties specified in Chapter 5.

7.2.3 Concrete that is partially hardened or contaminated
by foreign materials shall not be placed.

7.2.4 Areas prepared for the placement of concrete shall
be free of debris and contaminants. Confined footing areas
shall also be free of water.

7.2.5 Concrete shall be consolidated by suitable means
during placement and shall be worked around embedded
items, reinforcement, and into corners of the forms.

7.3—Form removal

Forms shall be removed in a manner that does not impair
safety and serviceability of the structure. Concrete exposed
by form removal shall have sufficient strength not to be
damaged by the removal operation. Stay-in-place forms
shall not be removed.

7.4—Finishing

Surface defects that expose reinforcement shall be
repaired. Surface defects greater than 50 in.> with depths
greater than 0.5 in. shall be repaired.

American Concrete Institute Copyrighted Material—www.concrete.org

COMMENTARY

CHAPTER R7—CONCRETE PRODUCTION AND
PLACEMENT

R7.1—Concrete

R7.1.1 The user should refer to ACI 304R for additional
recommendations for the measuring, mixing, transporting,
and placing of concrete.

R7.1.2 The user should refer to ACI 304.6R for additional
recommendations for volumetric batching and the contin-
uous mixing of concrete.

R7.2—Placement

R7.2.1 Experience has shown that the 1-1/2-hour
discharge time can be exceeded while maintaining the speci-
fied concrete properties during placing operations.

ASTM (C94/C94M allows for the addition of water up
to the allowable maximum w/em or water-reducing admix-
tures, or both, before discharge.

R7.2.3 Partially hardened is in reference to plastic
concrete, which has reached a state of rapid hydration, where
initial set has begun, can no longer be delayed by chemicals,
or both.

R7.2.4 Refer to 7.6 for the placement of concrete on
frozen material. If the footing form permits water to exit,
the hydraulic pressure of the concrete placement is sufficient
to displace the water from the formed areas and prevent
segregation.

R7.2.5 Recommendations for consolidation of residen-
tial concrete are given in detail in ACI 332.1R, and for all
forms of concrete in ACI 309R. Usually, concrete with
slump greater than 7 in. and self-consolidating concrete are
not vibrated: however, minimal vibration may be required
to minimize surface defects. Care should be taken to avoid
segregation of the concrete due to over-vibration.

R7.4—Finishing
The general finishing standards for cast-in-place concrete
are separated into three classifications based on application.

@seismicisolatiodThese include structural concrete, non-air-entrained slabs,
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7.5—Curing

After placement, concrete shall be protected to maintain
proper moisture and temperature. Protection shall ensure
that excessive water evaporation does not impair required
strength or serviceability of the member. Sections 7.6 and
7.7 shall be followed in cold and hot weather conditions,
respectively.

7.6—Protection of concrete during cold weather

7.6.1 When cold weather is expected, damage to concrete
due to early-age freezing shall be prevented to allow for
proper strength development.

7.6.2 Concrete materials, reinforcement, forms, and any
earth with which concrete is to come in contact shall be free
from ice, snow, and frost.

COMMENTARY

and air-entrained slabs. Generally, the surface of struc-
tural concrete is simply floated after placement. Slabs that
are non-air-entrained can be finished per the request of the
owner. Unless otherwise specified, final finishing can be a
float, trowel, or broom finish. Where slabs are required to
be air entrained, hard trowel finishing, either by hand or
machine, is not recommended. Hard trowel finishing can
reduce traction and may result in surface defects and poor
durability under freezing-and-thawing conditions. Instead.
final finishing may be obtained via a float, trowel, or broom.
Most air-entrained slabs are struck off to grade, bull floated,
and textured. The texture can be a broom, tine, burlap drag,
or other texturing techniques.

R7.5—Curing

Proper curing is required to produce the concrete’s ulti-
mate strength, durability, and other desirable properties of
hardened concrete. The objectives of curing are to reduce the
loss of moisture from concrete and, when needed, to supply
additional moisture and maintain a favorable concrete
temperature for a sufficient period of time to allow the
concrete to reach initial critical strengths. Common methods
include wet burlap, polyethylene sheets, blankets, foggers,
and curing compounds. References to these methods and
other curing techniques can be found in ACI 332.1R and
ACI 308R. Note that wet curing methods can add substantial
drying time to the project schedule and should be considered
carefully where moisture-intolerant floor coverings are to be
used.

R7.6—Protection of concrete during cold weather

R7.6.1 Cold weather is defined by ACI 306R to occur
when air temperature has fallen to, or is expected to fall
below 40°F during the protection period, and the protection
period is defined as the time required to prevent concrete
from being affected by exposure to cold weather. Concrete
that is frozen before achieving a compressive strength of 500
psi will not achieve the compressive strength that it would
have reached had it been protected. A maturity curve (ASTM
C1074) for a particular mixture may be available from or
can be developed by the concrete supplier and can be used
to determine when the compressive strength of the concrete
mixture can be expected to reach 500 psi. Further informa-
tion demonstrating the effectiveness of maturity testing as an
accurate prediction method for early-age in-place strength
and mixture performance can be obtained from the Concrete
Foundations Association (2004). Refer to ACI 306R and
ACT 306.1 for further information regarding cold-weather
concrete practices.
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7.7—Temperature limits for concrete as delivered
in hot weather

7.7.1 Concrete materials and production methods shall
be selected so that the concrete temperature at delivery
complies with the specified temperature limits.

7.7.2 Handling, placing, protection, and curing proce-
dures shall limit concrete temperatures or water evaporation
that could reduce strength, serviceability, and durability of
member or structure.

7.7.3 Use of synthetic macrofibers, synthetic microfi-
bers, or both, shall be permitted to control plastic shrinkage
cracking in hot weather.

COMMENTARY

R7.7—Temperature limits for concrete as delivered
in hot weather

R7.7.1 ACI 301 and ACI 305.1 limit the maximum
temperature to 95°F at the time of placement. Conditions
such as wind, high ambient temperature, and low relative
humidity can affect the evaporation rate and the workability
and setting time of concrete. When high ambient tempera-
tures exist, concrete should be delivered as cool as practical;
the temperature of the concrete should not exceed 95°F. For
more information on placing concrete in hot weather, refer
to ACI 305R.

R7.7.2 Consult manufacturer’s data for suggested dosage
rates to reduce plastic shrinkage cracking when measured in
accordance with ASTM C1579.
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CHAPTER 8—FOOTINGS

8.1—Scope

8.1.1 Provisions of this chapter shall apply to isolated
footings and continuous wall footings of buildings within
the scope of this code.

8.1.2 Design of concrete footings shall be in accordance
with Chapter 6.

8.2—General
8.2.1 Materials

8.2.1.1 Design properties for concrete shall be selected in
accordance with Chapter 5 and 6.2.1.

8.2.1.2 Design properties for steel reinforcement shall be
selected to be in accordance with 6.2.2.

8.2.2 Connection to other members

8.2.2.1 Wall-to-footing joint

Wall-to-footing connections located in SDC A, B. or C
shall be constructed in accordance with 8.2.2.1.1 or 8.2.2.1.2.
Wall-to-footing connections located in SDC D, E, or F shall
be constructed in accordance with 8.2.2.1.2.

8.2.2.1.1 A continuous keyway shall be formed in the
footing and shall be located within the middle one-third of
the wall. The keyway specified dimensions shall be at least
1-1/2 in. deep and 1-1/2 in. wide at the top.

8.2.2.1.2 A vertical No. 4 dowel shall extend at least 36d,
into the wall and 6 in. into the footing at a maximum of
24 in. on center along the footing. To facilitate positioning
before concrete placement, vertical dowels are permitted to
be driven into the grade in the bottom of the footing.

COMMENTARY
CHAPTER R8—FOOTINGS

R8.1—Scope

Footings are provided under columns, also called piers,
and walls when calculations show that omitting the footing
will result in soil pressures that exceed the allowable soil-
bearing pressures. Footings are also provided to facilitate
the placement of forms. Soil-bearing pressures can be refer-
enced in the general building code or obtained by conducting
a geotechnical investigation where fill or otherwise unusual
soil conditions are encountered.

R8.2—General

8.2.2 Connection to other members

8.2.2.1 Wall-to-footing joint

R8.2.2.1.1 Refer to Fig. R8.2.2.1.1.

Line of finish grade

ot
- — _‘_‘é—"—-——____________‘__
T ———
E - P - Foundation wall
i s
23 b
g -]
=
R
-
££
= =
=
—— Keyway (continuous)
|
] P o Wall footing
- e
B! b A
] Pt / &
- ¥}

Slab-on-ground —

Fig. R8.2.2.1. 1—Wall-to-footing joint with keyway.

R8.2.2.1.2 Refer to Fig. R8.2.2.1.2.
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8.2.3 Longitudinal reinforcement in continuous footings in
SDC D, E, and F

8.2.3.1 Continuous footings with stem walls

8.2.3.1.1 Footings with stem walls shall contain at least
two longitudinal No. 4 bars, one within 12 in. of the top of
the stem wall and one located 3 to 4 in. from the bottom of
the footing.

8.2.3.2 Slabs-on-ground with turned-down footings
(a) If a horizontal construction joint exists between the slab
thickness and the footing thickness (Fig. R8.2.3.2), rein-
forcement shall consist of the following:
(i) A minimum of one No. 4 longitudinal bar shall be
placed in the slab section and the footing section.
(ii) Vertical ties consisting of No. 3 or larger, spaced
a maximum of 48 in. on center, shall pass through the
construction joint. Vertical ties shall have hook ends to
engage the longitudinal bars and be secured in place.
Hooks shall have a minimum inside bend diameter of
6d;, and may be 90- or 180-degree in bend.
(iii) Minimum cover shall be in accordance with 5.6.
(b) If the slab and footing are cast monolithically, the footing
shall be reinforced by one of the following:
(i) A minimum of two longitudinal No. 4 bars, one
located at the top, and one located at the bottom of the
footing
(i) A minimum of two longitudinal No. 4 bars located
in the middle one-third of the footing depth
(iii) A minimum of one longitudinal No. 5 bar located in
the middle one-third of the footing depth

8.2.4 Footings not continuously supported

COMMENTARY
" P Line of finished grade
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Fig. R8.2.2.1.2—Wall-to-footing joint with dowel.

R8.2.3.2 Slabs-on-ground with turned-down footings
Refer to Fig. R8.2.3.2.

/\/

Foundation wall
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Construction joint

s~ Slab-on-ground
/ / |
4 // 4
B r J/
n o e — i
£
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i
“— Unformed surface
* "
Cover
Footing ‘TL Wall footing
width Ll

Fig. R8.2.3.2—Thickened slab footing with horizontal
construction joint.

R8.2.4 Footings not continuously supported
Conditions where wall footings are not continuously

@seismicisolatiorsupported are commonly found around sanitary or water
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8.2.4.1 Trenches under footings shall be backfilled to
prevent movement of the adjacent soil and compacted to
match the adjacent soil conditions.

8.2.4.2 Where an unsupported wall footing section does not
exceed a 3 fi span, at least two No. 4 reinforcing bars shall be
securely positioned in the bottom of the footing and extend
at least 18 in. into the supported sections on both sides. Rein-
forcing bars shall have a cover as specified in 5.6.4.

Unsupported wall footing spans exceeding 3 ft are beyond
the scope of this code.

8.2.5 Discontinuous wall footings

A wall footing shall be permitted to be discontinuous
where an elevation change occurs in continuous footings
with stem walls (8.2.3.1) or slabs on ground with turned-
down footings (8.2.3.2).

8.2.5.1 A horizontal discontinuity of up to 4 ft shall be
permitted and conform to the reinforcement requirements
of 9.2.6.

COMMENTARY

pipes where poorly compacted soil settles below the bottom
surface of the footing. The backfill should be compacted by
tamping or by use of a mechanical compactor to the level of
the bottom surface of the footings to obtain adequate bearing
and minimize the likelihood of detrimental settlement.

R8.2.4.1 Areas where soils have settled beneath existing
continuous footing should be compacted using appropriate
means for granular or cohesive soils where accessible.
Thereafter, low-strength cementitious or flowable fill or
other acceptable approaches can be used to reestablish full
support beneath continuous footings. Critical difficult areas
have also been underpinned.

There are conditions and situations when soil disturbance
occurs beneath an existing, in place, continuous footing and
foundation wall. Soil disturbance occurs during placement
of utilities under footings, rain and wash-out events, high
groundwater flows, over excavations, and similar conditions
may cause loose/soft soil zone(s).

Soils that have settled beneath continuous footings must
be probed to determine whether the soft zone is less than
36 in. deep and no more than 36 in. in length. Conditions
meeting these criteria can be recompacted with handheld
equipment; high frequency vibratory plates on granular soils
and low frequency/high impact on cohesive soils. Optimum
compaction results are achieved in 4 to 12 in. lifts depending
upon soil moisture content and its characteristic. After soil
recompaction is achieved, low-strength flowable fill or
similar techniques can be placed under the footing to rees-
tablish bearing capacity.

Settlement conditions whereby the soft soil zone is 36
in. or greater in depth and width, a geotechnical engineer
should be consulted for guidance: underpinning or a similar
engineered solution is commonly considered to reestablish
continuous foundation support.

R8.2.5 Discontinuous wall footings

Elevation changes, commonly called steps, occur in loca-
tions such as walkout basements, grade changes, and tran-
sitions fo garage foundations. At such locations, the wall
spans the horizontal discontinuity of the footing (refer to
Fig. R8.2.5).
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8.2.5.2 Horizontal footing discontinuities greater than 4 ft
are beyond the scope of this code.

8.3—Design limits

8.3.1 Continuous footings shall be at least 9.5 in. wide,
with the wall positioned within designed tolerances on the
footing.

8.3.2 Minimum depth of the footing shall be 6 in. The
maximum projection of an unreinforced footing beyond the
wall face shall not exceed the thickness of the footing unless
transverse reinforcement is provided.

8.3.3 Isolated footings

8.3.3.1 Isolated footing dimensions shall be at least the
applicable dimensions specified in 8.6.1.

Cover Top of Wall
>
r
Additional
Reinforcement Horizontal Discontinuity
at Step
Minimum Length
. 4 '_
A / Cover
y . /
~# Cover S
Top of Wall
Reinforcement = Footing
at Reentrant ]
Corner §"
.8 Discontinuous
= T 5
Footing
Top of Wall
Footing
AL A
-

Fig. RS8.2.5—Discontinuous wall footing and additional
wall reinforcement.

R8.3—Design limits

R8.3.1 The minimum footing width of 9.5 in. is based on
the minimum wall thickness permissible by this code of 5.5
in., as specified in 9.3.1, and the minimum extension beyond
the wall thickness, as specified in 8.6.

R8.3.3 Isolated footings

Refer to Fig. R8.3.3 for typical locations of an isolated
footing, also called pier or column footings. Tables 8.6.1g
and 8.6.1h prescribe the minimum requirements for isolated
footings with single or multiple spans defining the amount
of tributary area that affects the load to the footing. A single
span defines a footing loaded from one side only by a beam
condition. A multiple span defines a footing supporting a
member loaded two beam span conditions.
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Fig. R8.3.3—Tributary area for isolated footing.

8.4—Required strength
8.4.1 Required strength shall be calculated in accordance
with the factored load combination in 6.3.

8.4.2 Specified maximum attributes for design of prescrip-
tive footings shall be as specified in Table 8.4.2.

Table 8.4.2—Specified maximum attributes for
prescriptive design of footings

Attribute Maximum limitation
Plan dimension 60 ft
General T
Ground snow load 70 Ib/fi?
. 1100 I/ (refer to
Equivalent fluid density of soil Chapter 8)
Foundations
Presumptive soil-bearing value 1500 to 4000 Ib/ft
g g (refer to 8.2.1.1)
Unsupported wall height, per 10 fi
Walls story
Unbalanced backfill height | 91t
Floor dead load 15 Ib/ft?
Floor loads First-floor live load 40 Ib/ft?
Second- and third-floor live loads 30 Ib/fi?
Roof and ceiling dead load 15 Ib/fi?
Roof loads Roof snow load | 70 Ib/fi?
Attic live load 20 Ib/fi?
Floor span (unsupported) 32 ft
Maximum I
— Beam span (unsupported) . 16 ft
Roof span (unsupported) 40 fi
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8.5—Design
8.5.1 Footings shall be designed by one of the following
methods:
(a) Design procedure of Chapter 6.
(b) Prescriptive tables in 8.6.

8.5.2 ¢ shall be determined in accordance with 6.4,

8.6—Prescriptive design tables

8.6.1 For footings that meet the requirements of 8.4.2, wall
footing width shall be at least the greater of the applicable
dimensions specified in Tables 8.6.1a through 8.6.1h or the
supported wall thickness plus 4 in. Tables 8.6.1a through
8.6.1h are based on the following conditions:
(a) Maximum attic load: 20 psf
(b) Maximum second- and third-floor live load: 30 psf each
(c) Maximum foundation wall dead load: 100 psf (8 in. wall)
(d) Maximum floor dead load: 15 psf
(e) Maximum interior wall dead load: 15 psf (wood framing)
(f) Maximum first-floor live load: 40 psf
(g) Maximum roof and ceiling dead load: 20 psf
(h) Maximum floor-to-floor height: 10 ft
(1) Maximum foundation wall height: 10 ft
(j) Maximum roof overhang: 2 ft
(k) Minimum /.": 2500 psi
(1) Minimum f£;: 60,000 psi

COMMENTARY

R8.6—Prescriptive design tables

R8.6.1 Footing widths need to project a minimum of 2 in.
on each side of the wall to support the forming system. The
footing width projection is measured from the face of the
concrete wall to the edge of the footing. The values in Tables
8.6.1a through 8.6.1h are consistent with light frame wood
construction roof and floor with second and third floors used
for sleeping areas.
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Table 8.6.1a—Minimum exterior footing width (in.) for clear span and interior supported footing for 15 psf
wall dead load”

‘Wall dead load” = 15 psf One-story/slab One-story with basement | Two-story with basement | Three-story with basement

Soil bearing
capacity, psf

9.5 9.5 9.5 9.5 18 19 20 21 21 22 24 25 25 26 27 28

1500 9.5 9.5 10 11 21 22 24 26 26 27 29 30 30 32 33 35
9.5 10 12 14 24 25 28 30 30 31 34 36 36 37 40 42
9.5 9.5 9.5 9.5 14 14 15 16 17 17 18 19 19 20 21 21
2000 24 9.5 9.5 95 | 95 16 17 18 19 20 20 22 23 23 24 25 26
9.5 9.5 9.5 11 18 19 21 22 23 24 25 27 27 28 30 31
9.5 95 | 95 | 95 9.5 10 10 11 11 11 12 13 13 13 14 14
3000 95 | 85 | 95 | 95 I I 12 13 13 14 15 15 16 16 17 18
9.5 95 | 95 9.5 12 13 14 15 15 16 17 18 18 19 20 21
95 | 95 | 95 | 95 9.5 9.5 9.5 9.5 95 | 95 9.5 10 10 10 11 11
4000 95 | 95 | 95 9.5 9.5 9.5 9.5 10 10 10 I 12 12 12 13 13

95 | 95 | 95 9.5 9.5 10 11 11 12 12 13 14 14 14 15 16

“This table is applicable only when the structure is not assigned to Seismic Design Category D, E, or F.
"Wall dead load: light frame wood construction only.

Table 8.6.1.b—Minimum exterior footing width (in.) for clear span and interior supported footing for 45 psf
wall dead load”

Wall dead load’ = 45 psf

One-story/slab One-story with basement | Two-story with basement | Three-story with basement

Soil bearing
capacity, psf

95 | 95 10 11 21 21 22 24 27 27 28 30 33 33 34 36

1500 - 9.5 10 12 14 24 25 26 28 31 32 33 35 38 39 41 42
' 11 12 14 16 27 28 30 32 35 36 38 41 44 45 47 49

95 | 95 9.5 9.5 16 16 17 18 20 21 21 22 25 25 26 17

2000 24 95 | 95 9.5 10 18 19 20 21 23 24 25 26 29 29 31 32
95 | 95 11 12 20 21 23 24 26 27 29 31 33 34 35 37

95 | 95 9.5 9.5 11 11 11 12 14 14 14 15 17 17 17 18

3000 24 95 | 95 9.5 9.5 12 13 13 14 16 16 17 18 19 20 21 21
' 95 | 95 9.5 9.5 14 14 15 16 18 18 19 21 22 23 24 25

95 | 9.5 9.5 9.5 9.5 9.5 9.5 9.5 10 11 11 11 13 13 13 13

9.5 95 9.5 9.5 10 11 12 12 13 14 15 15 17 17 18 19
“This table is applicable only when the structure is not assigned to Seismic Design Category D, E, or F.

"Wall dead load: light frame wood construction with brick veneer above the foundation.
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Table 8.6.1c—Minimum exterior footing width (in.) for clear span and interior supported footing for 100 psf
wall dead load”

Wall dead load’ = 100 psf One-story/slab One-story with basement = Two-story with basement | Three-story with basement

Soil bearing
capacity, psf | |

12 13 14 15 25 26 27 28 35 36 37 38 46 46 48 49

1500 . 24 14 15 16 18 28 29 31 32 40 41 42 44 51 52 54 56
15 16 19 21 31 32 34 37 44 45 47 49 57 58 60 62

_ 9.5 10 11 12 19 19 20 21 27 27 28 29 35 35 36 37

2000 _ 24 10 11 12 14 21 22 23 24 30 31 32 33 39 39 41 42
. 12 12 14 16 23 24 26 28 33 34 36 37 43 44 45 47

95 | 95 95 | 9.5 13 13 14 14 18 18 19 19 23 23 24 25

3000 . 24 95 | 95 95 | 95 14 15 16 16 20 21 2] 22 26 26 27 28

95 [ B5 | 95 | 9.5 10 10 10 11 14 14 14 15 17 18 28 19
4000 95 | 95 | 95 9.5 11 11 12 12 15 15 16 17 20 20 20 21

95 | 95 | 95 9.5 12 12 13 14 17 17 18 19 22 22 23 24

“This table is applicable only when the structure is not assigned to Seismic Design Category D, E, or F.
“Wall dead load: § in. grout-filled concrete masonry unit above the foundation wall.

Table 8.6.1d—Minimum interior footing width (in.) for clear span and interior supported footing for 15 psf
wall dead load”

Wall dead load" = 15 psf

One-story/slab One-story with basement | Two-story with basement | Three-story with basement

Soil bearing
capacity, psf |

9.5 9.5 9.5 9.5 9.5 9.5 10 11 13 13 14 15 16 17 18 19

1500 24 9.5 9.5 9.5 10 12 13 14 16 17 17 19 20 22 22 24 25
95 | 95 11 13 15 16 18 20 21 22 24 26 27 28 30 32
9.5 9.5 9.5 9.5 9.5 95 | 9.5 9.5 10 10 11 11 12 13 13 14
2000 9.5 95 9.5 95 | 95 10 11 12 13 13 14 15 16 17 18 19
9.5 9.5 9.5 10 11 12 14 15 16 17 I8 19 20 21 22 24
0.5 9.5 9.5 95 | 95 | 95 9.5 9.5 9.5 95| 95 | 95 | 95 9.5 9.5 9.5
3000 9.5 9.5 95 | 95 | 95 9.5 9.5 9.5 9.5 9.5 10 10 11 11 12 13
9.5 95 | 95 9.5 9.5 9.5 9.5 10 11 11 12 13 14 14 15 16
9.5 9.5 285 | 95 | 25 9.5 5 9.5 9.5 95 | 95 | 95 9.5 9.5 9.5 9.5
4000 24 9.5 9.5 95 | 95 9.5 9.5 9.5 9.5 9.5 9.5 95 | 95 9.5 9.5 9.5 10
9.5 | 9.5 25 | ‘95 9.5 9.5 9.5 9.5 9.5 95 | 9.5 10 10 11 11 12

“This table is applicable only when the structure is not assigned to Seismic Design Category D, E, or F.
TWall dead load: light frame wood construction only.
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Table 8.6.1e—Minimum interior footing width (in.) for clear span and interior supported footing for 45 psf
wall dead load”

Wall dead load’ = 45

psf One-story/slab One-story with basement | Two-story with basement | Three-story with basement

Soil bearing d
capacity,
9.5 9.5 9.5 10 14 14 15 16 20 20 21 22 26 26 27 28
1500 95 10 11 12 17 17 19 20 24 25 26 28 31 32 33 35
10 11 13 15 20 21 23 25 28 29 3l 33 37 28 39 4]
9.5 9.5 9.5 9.5 10 11 11 12 15 15 16 17 19 20 20 21
2000 9.5 9.5 9.5 9.5 13 13 14 15 18 19 20 21 23 24 25 26

9.5 9.5 10 12 15 16 17 19 21 22 23 25 28 28 30 31
9.5 9.5 9.5 95 | 95 9.5 9.5 9.5 10 10 11 11 13 13 14 14
3000 ; 9.5 9.5 9.5 95 | 95 | 95 10 10 12 13 13 14 16 16 17 18
9.5 9.5 9.5 9.5 10 11 12 13 14 15 16 17 19 19 20 21
9.5 9.5 95 | 95 9.5 9.5 9.5 9.5 9.5 9.5 95 | 95 10 10 10 11
4000 9.5 %5 95 | 95 | 95 9.5 o8 9.5 9.5 10 10 11 12 12 13 13
9.5 9.5 95 | 95 9.5 9.5 9.5 10 11 11 12 13 14 14 15 16

“This table is applicable only when the structure is not assigned to Seismic Design Category D, E, or F.
*Wall dead load: light frame wood construction with brick veneer above the foundation.

Table 8.6.1f—Minimum interior footing width (in.) for clear span and interior supported footing for 100 psf
wall dead load”

Wall dead load” = 100 psf

One-story/slab One-story with basement | Two-story with basement | Three-story with basement

Soil bearing
capacity, psf

12 12 13 14 23 23 24 25 33 33 34 35 43 44 45 46

1500 | 13 14 15 17 26 26 28 29 37 38 39 41 49 49 51 52
| 15 16 18 20 29 30 31 33 41 42 44 46 54 55 57 59

| 95 [ 9.5 10 11 17 17 18 19 25 25 26 27 33 33 34 34

2000 24 10 11 12 13 19 20 2] 22 28 29 30 31 37 37 38 39
11 12 13 15 22 22 24 25 31 32 33 39 41 41 43 44

95 | 95 | 95 | 95 11 12 12 13 17 17 17 18 22 22 23 23

3000 95 | 95 | 95 | 95 13 13 14 15 19 19 20 21 25 25 26 26
95 | 95 | 95 10 15 15 16 17 21 21 22 23 27 28 29 30

95 | 95 | 95 | 95 | 95 | 95 | 9.5 10 13 13 13 14 17 17 17 17

4000 ' 95 | 95 | 95 | 95 10 10 11 11 14 14 15 16 19 19 19 20
| 95 [ 95| 95 | 95 11 11 12 13 16 16 17 18 21 21 22 22

“This table is applicable only when the structure is not assigned to Seismic Design Category D, E, or F.
"Wall dead load: & in. grout-filled concrete masonry unit above the foundation wall.
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Table 8.6.1g—Minimum interior footing dimensions with single span’
Soil bearing capacity, psf
1500 2000 3000 4000
Maximum roof load: live load or snow load, psf
20and| 21to | 31to | 51te |20and I 21to | 31to | 51to (20and| 21te | 31to  S51to 20and| 21to | 31to | Slto
below 30 50 70 below ; 30 50 70 below | 30 50 70 below 30 50 70
Footing supporting only roof or single floor

L 2’47 | 2767 | 2097 | 317 | 2007 227 | 2.t 2087 | 1R | 1-10t | 200 | 202 | 15T | 16 | 19T | 1AL
TE W -4 | -6 | 297 | 317 | 2-07 | 2020 | 25" | 287 | 'R | I’-10™ | -0 | 202 | IN-5T | 1t | 1°-97 | 1M-117
. D P 1RF | st | e | 10T 1% | %3 | 1 | 18 | 12-87 | 170™ | 11 | 10| 1A | 0P-11® | 167

L 247 | 26" . 2! | 3-17 ) 207 22 | 2'-57 [ 2'-8” | 1°-8” “I'-10”“ 20 T 2227 | 157 . 1°-6" | 1'-9” ] 1’-1 ]"-
§ W 247 | 267 | 279" | 317 | 2707 2727 | 2757 | 2%-R” | 1°-87 | 1-107 | 2707 | 2-2 ’-5" | 1’6" | 197 | I’-11"
£ 0°-8” | 0-9* | 0°-9” | 0-°10” | 0°-8" | 0°-9” | 0°-97 | 0°-10"| 0'-8” | 0°-9” | 0°-97 | 09" | (°-8” | 0-8” | 0°-9” | 0%-9”
= RS (2)-#3 | (2)-#3 | 3)-#3 | (3)-#3 | (2)-#3 [ 2)-#3 | 2)-#3 | (2)-#4 | (2)-#3 | (2)-43 | (2}#3 | (3)-#3 | (2)-#3 | (2)-#3 | (2)-#3 | (2)-#3

Footing supporting combination of two levels (roof or floors)
) L 307 | 3o | 3 | i | 2her [ 2har| g | B | v | ot | 2 | ane | it | 2t | 2R | 2
E W | 32 | v | v | v | 2w |2aar | 3 | 3 | 23 | 2 | e | 28 |17 | 2 | 2 | e
- B | o | e | pane| o) pee g | g | | o | | e e | gs| pae | | pee
" L 327 | 347 | 3T | 39t | 209 l 2-11 | | 330 | 237 | 257 | 267 | 2087 | 1| 201 | 20227 | 247
5 W 327 | 34| 3L7T | 397 | 29t | 20117 31| 33| 23t | 25T | 26T | 20487 | 1117 2-17 | 2027 | 247
-g D 0-10" | 0°-10" | 0°-10" | 0’9" | 0°-9" | 0°-10" | 0°-10™ | 0°-10™ | 0°-9™ | 0°-10™ | 0°-10" | 17-0" | 09" | 0°-10" | 0-10" | 0°-107
= RE | (2)-#4 | (2)-#4 | 3)-#4 | (3)-#4 | (3)-#3 | (2)-#4 | (2)-#4 | (3)-#4 | G)-#3 | (343 | 3)-H3 | (2)-#4 | ()43 | (D43 | (2)-#3 | (2)-#4
Footing supporting combination of three levels (roof or floors)

X L 470" | 4727 | 447 | 467 | 3767 | 30T 39T | 3TolNT | 20-10™ | 20-107 | 31t 33t 206 | 2°-77 | 2R | 2N
§ W 407 | 427 | 447 | 4'-6" | 3-67 | 3 39T 30117 | 2°-107 | 20117 301 | 33T | 2067 | 207 | 2°-8T | 297

D 1-m | 2027 | 202t | 203t | 1o l -1 -1y 270" | 1= | -6 | -7 | 1-8" | 103" | 104" | 1747 | 17-57

L 4-0" | 4727 | 447 | 467 3767 . 377 39T | 3007 | 20-107 | 20-007 | 31| 33T | 206 | 2.7 | 2°-BT | 297
g W 407 | 427 | 447 | 4.6 | 367 [ 37 3er | 3117 | 2°-107 .2'-] ) 3-1m | 303 . 26" | 207 28T . 2’9
z D r-0" | 1°-0" | 1°-0" | -0 | 0°-10" ) 1°-0" | 170" | 10" | 1707 | 1'-07" | 170" | 10" | 170" | 10" | 170" | 1707
= RY | (3)-#4 | (3)-#4 | (3)-#4 | (3)-H4 | (3)-#4 (3)-#4 | (3)-#4 | (3)-#4 | (244 | (2044 | (2)44 | 3)-#4 | (2)-#4 | (244 | (2)-#4 | (2)-#4
"*This table is applicable only when the structure is not aséigncd to Seismic Design Category D, E, or F. -
TMaximum tributary area = 320 {t*.
The term plain refers to concrete where no structural reinforcement is required.
‘R refers to minimum steel reinforcement.
IMinimum reinforcement cover is 3 in.
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Table 8.6.1h—Minimum interior footing dimensions with multiple spans"

Soil bearing capacity, psf
1500 2000 3000 4000
Maximum roof load: live load or snow load, psf
DLttt st | 2 1ot 31 st | 221 i st | 2|21 | 31 | st
below 30 50 70 bilow 30 50 70 bislow 30 50 70 - 30 50 70
Footing supporting only roof or single floor
L 347 | 367 407 | 447 | 2°-107 | 3017 | 34T | 3797 | 2047 | 20T | 27097 | 3T | 2007 | 202t | 205t 2T
T;% W 34T | 36T | 40" | 4747 | 202107 | 3-17 | 34 | 3797 2047 | 2067 | 2097 | BN-1 | 2007 | 202 | 25T 2R
- D PP-8" | 179" | 2°-0™ | 272" | 17-6™ | P27 | 18T | -1 12T | -3t | 1eET | AT | 10T | 11T | 13T 14T
L 34| 36" | 407 | 47 | 22107 | 317 | 34T 39T | 2047 | 2067 | 2097 | 31| 207 | 22t | 25T | 2R
:g W 347 | 36" | 470" | 447 | 2°-107 | 3-17 | 34| 3797 | 2047 | 2067 | 2797 | Bt | 2707 | 22| 25T | 2R
E|l D |0-107|0-107 | 1207 | 10" | 0°-107 | @-107 | 1207 | 10" | 0°-107 | 0-107 | 1’0" | 1’0" | 0°-10” | 0-10" | I’-0” | 1°-0”
= R (2)-#4 | (2)-#4 | (3)-#4 | (4)-#4 | (2)-#4 | (2)-#4 | (2)-#4 | (3)-#4 | (2)-#4 | (3)-#3 | (2)-#4 | (3)-#4 | (2)-#3 | (3)-#3 | (3)-#4 | (2)-#4
Footing supporting combination of two levels (roof or floors)
L AR A - S I R A S A e R O A R O A R S R A I A R S e AT S e A A A0 ) A A Rl I A e B e b
E W | 497 |11 5737 | 55T | 41T | 43 | 467 | 47-107 | 34T | 3067 | 3-8 | B-117 ) 20-11 | 30 | 3037 | 35T
- D 26" | 2°-6" | 28" | 279" | 2'-1m | 20-27 | 204 | 2t-2v | 18T | 19 | 1°-107 ) 270" | 1767 | 176 | 17-87 | 1797
L 479" | 4117 | 537 | 5T-5T | 41T 4037 46 | 40107 | 3747 | 3067 | 37T 3-L1T | 20-107 | 307 | 33t 3T
:E: W 497 | 4'-117 . 537 | 5'-57 p ._4‘-1“ 4-3" [ 4'-67 | 4-107 | 34" | 3'-67 . 3-8 3] 17| 2°-11" | 3°-07 . 373" | 357
= D =0m | 10| o1n2r o) o1t2m ) 1t-o” | 1t-0m | 12" | 12 10" | 10" | 12" 10 | 10" | 100" | 12T | 12T
= R | (3)-#5 | (3)-#5 | (3)#5 | (3)-#5 | (2)-#5 | (2045 | (3)-#5 | (3)-#5 | 3)-#4 | (3)-#4 | (3)-#4 | (4)-#4 | (3)-#4 | (3)-#4 | (3)-#4 | (3)-14
- ] Footing sup;ning combination of th;;evcls (roof or floors) -
. L 587 | 5°-10" | 61" | 6'-57 | 4°-117 | 5°-1" | 5°-3" | 5%-6" | 4707 | 4727 | 4747 | 46" | 376" | 377" | 397 | 3117
E W | e | saer| e | e | iR s RS asoBrise | AnailRgee [ | gur | S B
a D 210" | 2-11" | 3-1" | 3'-37 | 2.6 | 2°-77 | 208 | 2797 | 207 | -1 | 20-2 | 2037 | 2797 | 210 | 1117 | 2007
L. | sugr | gaer| e | o5 | asre | sue | s | s | g e | avex | grer | e | 3ier e
:§ W | 587 | 5-107 ] 6-17 | 67-57 | 4-117 | 517 | 53T | 56T | 4707 | 4727 | 4747 | 467 | 3767 | 3T | 39T | 3117
£ 12 | 127 |12 | 2t | 12 | P2t | 1a2r | 12 | 12| k2t | et o2 12|12t | raer | 12t
= R | (5)-#4 | (445 | (D#5 | (5)-#5 | (3)#5 | (3)#5 | (445 | (4)-#5 | (3)-#4 | (3)-#5 | (3)-#5 | (485 | (3)-#4 | (3)-#4 | (4)-#4 | (3)#5
#This table is applicable only Wher; the structure is not assigned to Seismic Design Category D. E. or F.
Maximum tributary area = 640 ft,
“The term plain refers to concrete where no structural reinforcement is required,
*R refers to minimum steel reinforcement
/Minimum reinforcement cover is 3 in.

J
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8.7—Construction requirements
8.7.1 Unformed footings

8.7.1.1 Unformed footings shall be permitted if the exca-
vation remains stable to maintain dimensions and alignment

before and during concrete placement.

8.7.2 Formed footings

8.7.2.1 Side forms shall be secured to maintain dimen-
sions and alignment before and during concrete placement.

8.7.3 Finishing

8.7.3.1 Top surfaces of the footing shall be struck off level
and prepared for keyway or dowel connection as required

in 8.2.2.1.

45

COMMENTARY

R8.7—Construction requirements

R8.7.1 Unformed footings

Unformed footings are used frequently where frost depth
is shallow or for interior load-bearing walls. Footings may be
placed integrally with the floor slab. Refer to Fig. R8.7.1a for
exterior unformed footings in slabs-on-ground. Refer to Fig.
R&.7.1b for interior unformed footings in slabs-on-ground.

- Foundation wall

o Slab-on-ground

/

z i
s -
B3 .
= = ™~
=
" Unformed surface
.
Footing | ™~ - Wall footing
width 1

Fig. R8.7. la—Exterior unformed thickened slab footing.

\

W
) Interior load-
il bearing wall
A'/
Vs Slab-on-ground
/
/ /
T <_—" < =
gl
= £
s
gt
— - " - Unformed
Wall footing e P | Footing surface

wirth

Fig. R8.7.1b—Interior unformed thickened slab footing.
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8.7.4 Footing surfuces

8.7.4.1 The bottom surface of footings shall not exceed
a slope of 1 vertical in 10 horizontal. The top surface of
footings shall be level within the tolerances of the project
specifications.

8.7.5 Foundation anchorage in SDC C, D, E, or F

8.7.5.1 The following requirements shall apply to wood
light-frame structures in SDC D, E, or F and wood light-
frame townhouses in SDC C as defined by 1.1.3:
(a) Where braced wall panels exist, all anchor bolts shall
have plate washers with dimensions of at least 0.229 x 3 x 3
in. for all between the sill plate and the nut. Properly sized
cut washers shall be permitted for anchor bolts in wall lines
not containing braced wall panels.
(b) For interior braced wall plates, the specified anchor bolt
spacing shall not exceed 6 ft on center and is located within
12 in. of the ends of each plate section when supported on a
continuous foundation.
(c) For interior bearing wall sole plates, the specified anchor
bolt spacing shall not exceed 6 ft on center and is located
within 12 in. of the ends of each plate section when supported
on a continuous foundation.
(d) For buildings over two stories in height, anchor bolt
spacing shall not exceed 4 ft on center.

COMMENTARY

R8.7.4 Footing surfaces
Common tolerances for residential concrete can be found
in ACI 332.1R.
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CHAPTER 9—FOUNDATION WALLS

9.1—Scope
9.1.1 Provisions of this chapter shall apply to foundation
walls of buildings.

9.2—General
9.2.1 Design of plain concrete walls and reinforced
concrete walls shall be in accordance with Chapter 6.

9.2.2 Lateral support is required at the top and bottom of
the wall. Wall-to-footing joints that comply with 8.2.2.1 are
deemed to have satisfied the bottom lateral support require-
ment. The connection of the lateral support system to the top
of the wall shall be in accordance with 9.6.1. The design of
top lateral support is beyond the scope of this code.

9.2.3 Material

9.2.3.1 Design properties for concrete shall be selected to
be in accordance with Chapter 5 and 6.2.1.

9.2.3.2 Design properties for steel reinforcement shall be
selected to be in accordance with 6.2.2.

9.2.4 Connection to other members

9.2.4.1 Factored forces and moments at base of walls
shall be transferred to supporting foundations by bearing on
concrete and by reinforcement and dowels.

9.2.5 Sections of reduced thickness

9.2.5.1 The height of the reduced thickness section shall
not exceed 24 in.

9.2.5.2 The reduced thickness section shall comply with
(a) and (b):
(a) Reduced wall thickness shall not be less than 3.5 in.
(b) When the wall thickness is 4 in. or less, a minimum of
one vertical No. 4 reinforcing bar shall be placed at 24 in. on
center and comply with (i) through (iii);
(i) This bar shall extend at least 12 in. into the full thick-
ness section.
(ii) This bar shall extend the full height into the reduced-
thickness section.
(iii) Concrete cover shall be in accordance with 5.6.

COMMENTARY

CHAPTER R9—FOUNDATION WALLS

R9.2—General

R9.2.5 Sections of reduced thickness

The reduction of wall thickness is a common detail to
accommodate brick veneer or a ledger for an interior floor
deck (refer to Fig. R9.2.3).

Top of foundation wall

(connection to lateral support . Reduced wall

not shown for clarity) .\‘\ i) : g Exterior
\ thickness / brick
4
Cover ™~ /
T
S
o I -—T‘\\"—'—‘_\_‘_‘__‘
M - N
o ; " Line of
7 finish grade
Vertical //
reinforcement B

Tension
face

N
ST ) e
Vi
v

Fig. R9.2.5—Reduction of wall thickness.
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9.2.6 Lintel beams shall be designed in accordance with
Chapter 11.

9.2.7 Horizontal reinforcement

9.2.7.1 For both reinforced and plain concrete walls, hori-
zontal reinforcement shall be provided in accordance with
(a) through (f). For SDC D, E, and F, the provisions of (g)
shall also apply:

(a) Where walls exceed 6 ft in height, a minimum of three
continuous, horizontal reinforcing bars shall be provided.

(b) Where walls exceed 8 ft in height, a minimum of four
continuous, horizontal reinforcing bars shall be provided.

(c) For all wall heights, a minimum of one horizontal bar
shall be located within the top 24 in. and a minimum of one
in the bottom 24 in. The remaining required bars shall be
spaced over the height of the wall as equally as practical.

(d) Horizontal reinforcement shall be secured as close as
possible to the center of the wall or, where vertical reinforce-
ment is present, shall be secured to the side of the vertical
reinforcement closest to the center of the wall.

(e) Reinforcement lap length shall not be less than 30d,,.

(f) At comners, horizontal reinforcement shall extend
around corners and lap reinforcement a minimum of 30d,,.

(g) Two No. 4 horizontal bars shall be located in the upper
12 in. of the wall.

9.2.8 Additional wall reinforcement

9.2.8.1 Discontinuous wall footings

Where wall footing elevation change is greater than twice
the footing thickness, a minimum of two No. 4 horizontal
reinforcing bars, one at the top and the other at the bottom of
the wall, shall be provided in addition to other required wall
reinforcement. These bars shall extend at each end at least
36 in. into the wall portion supported directly by the top and
bottom wall footings. The bars shall be placed in the middle
one-third of the wall thickness. Concrete cover shall be in
accordance with 5.6.

9.2.8.2 Reentrant corners

Where a reentrant corner occurs, such as a wall opening
or an elevation change greater than 8 in. between top and
bottom of wall, at least one No. 4 reinforcing bar, 24 in. long,
shall be secured diagonally as close as practical to the reen-
trant corner. Concrete cover shall be in accordance with 5.6.

COMMENTARY

RY.2.7 Horizontal reinforcement

Horizontal wall reinforcement is placed to reduce width
of cracking that can result from restraint against volume
changes due to shrinkage and temperature change. The
serviceability requirements of residential concrete allow for
crack development. The tension face is the inside face of a
wall, assuming backfill is applied to the outside face.

R9.2.7.1 This reinforcement is placed to limit cracking.
The code requires reinforcement to be provided in both plain
and reinforced foundation walls (refer to Fig. R8.2.5).

RY.2.8.1 Discontinuous wall footings
Refer to Fig. R8.2.5.

R9.2.8.2 Reentrant corners

This reinforcement is placed to limit the width of wall
cracks caused by a reentrant corner such as is formed by
a window or a door (refer to Fig. R8.2.5, R9.2.8.2a, and
R9.2.8.2b).

@seismicisolation
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9.3—Design limits
9.3.1 The minimum specified wall thickness shall be in
accordance with 9.3.1.1,9.3.1.2, or 9.3.1.3.

9.3.1.1 The minimum specified thickness of reinforced
concrete walls shall be the greater of 6 in. or 1/25 of the
lesser of the unsupported length and unsupported height of
the wall.

9.3.1.2 The minimum specified thickness of plain concrete
walls shall be the greater of 7.5 in. or 1/24 of the lesser of
the unsupported length and unsupported height of the wall.

9.3.1.3 A minimum specified wall thickness of 5.5 in. shall
be permitted where the wall height does not exceed 4 ft and
the unbalanced backfill height does not exceed 24 in.

9.3.1.4 A minimum wall thickness greater than 12 in.
shall be designed by a licensed design professional in
accordance with Chapter 6 of this code or the applicable
section of ACI 318.

9.3.2 The equivalent fluid pressure of the backfill shall be
determined in accordance with Table 9.3.2.

COMMENTARY

Top of wall
g Lintel
Cover reinforcenent /-
2,

P ARV =

A S
<> Cover <>

Wall opening

Reinforcement at
reentrant corner

A

Fig. R9.2.8.2a—Lintel beam reinforcement.

Opening /-— Top of wall

S

Minimum length
equals 24 in,

Cover /

Reinforcement at
reentrant corner

/\/

Fig. R9.2.8.2b—Reentrant corner reinforcement.

R9.3—Design limits

R9.3.1 This code provides for the minimum required
thickness of a concrete wall based on a simply supported
beam model consistent with traditional single-family resi-
dential foundations. In cases where the construction of a
foundation may be more economical with a thickness greater
than the minimum required, it is permissible.
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Table 9.3.2—Lateral soil load
Design lateral soil
load", Ib/ft¥/ft of
depth
Description of 1\backﬁll Unified soil Active At-rest
material | classification pressuret | pressure
Well-graded, clea?'l gravels: GW 10 60
gravel-sand mixtures
Poorly graded clea!n gravels; GP 30 60
gravel-sand mixtures
Silty gravels, pom"ly graded GM 40 60
gravel-sand mixtures
Clayey gravels, poor?y graded Ge 45 60
gravel-and-clay mixtures
Well-graded, clcaln sands; SW 10 60
gravelly sand mixtures
Poorl ded cl ds; sand-
oorly graded clean sands; san SP 30 60
gravel mixtures
Silt ds, 1 ded sand-
ilty sands, poorly graded san SM 45 60
silt mixtures
Sand-silt cl ixture with
and-silt clay mixture wi SM-SC 45 100
plastic fines
Clayey sands, pof)rly graded e 60 100
sand-clay mixtures
Inorganic silts and clayey silts ML 45 100
Mixture of inorganic silt and clay ML-CL 60 100
Inorganic clays of low to medium | L 50 100
plasticity
Organic silts ansl .Tﬂlt clays, low OL § §
plasticity
Inorganic clayey silts, elastic silts MH § §
Inorganic clays of high plasticity CH § §
Organic clays and silty clays OH § §
"The definition and classification of soil materials shall be in accordance with ASTM
D2487,
"Design lateral soil loads are given for moist conditions for the specified soils at their
optimum densities. Actual field conditions shall govern. Submerged or saturated soil
pressures shall include the weight of the buoyant soil plus the hydrostatic loads.
fFor relatively rigid walls, as when braced by floors, the design lateral soil load shall
be increased for sand and gravel type soils to 60 pst per foot of depth. Basement
walls extending not more than 10 ft below grade and supporting light floor systems
are not considered as being relatively rigid walls.
fUnsuitable as backfill material.

9.3.3 Reduction of wall thickness—The thickness of the
top of a foundation wall shall be permitted to be reduced
according to 9.2.3.1 and 9.2.3.2.

9.3.4 Construction and isolation joints shall be provided
to divide structural plain concrete members into discontin-
uous elements. The size of each element shall be selected
to limit stress caused by restraint to movements from creep,
shrinkage, and temperature effects. The number and location
of contraction or isolation joints shall be determined consid-
ering (a) through (f):

(a) Influence of climatic conditions
(b) Selection and proportioning of material
(c) Mixing, placing, and curing of concrete

(aci®

COMMENTARY

R9.3.4 Joints in plain concrete construction are in impor-
tant design consideration. In reinforced concrete, reinforce-
ment is provided to resist the stresses due to restraint of creep.
shrinkage, and temperature effects. In plain concrete, joints
are the only means of controlling, and thereby relieving, the
buildup of such a tensile stress.

A concrete member should therefore be small enough, or
divided into smaller element by joints, to control the buildup
of internal stresses. The joint maybe a contraction joint or

@seismicisokatiation joint. A minimum 25 percent reduction of member
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(d) Degree of restraint to movement
(e) Stresses to which an element is subjected
(f) Construction techniques

9.4—Required strength
9.4.1 Required strength shall be calculated in accordance
with the factored load combination in 6.3.

9.4.2 Required strength shall be calculated in accordance
with the analysis procedures in Chapter 6.

9.5—Design
Concrete design for expansive soils shall be in accordance
with the provisions of Chapter 9.

9.5.1 Foundation walls shall be constructed from a design
from one of the following methods:
(a) In accordance with the design procedures found in Chapter 6
(b) In accordance with the prescriptive tables in 9.5.3.

9.5.2 ¢ shall be determined in accordance with 6.4,

9.5.3 Prescriptive design tables

The design of walls conforming to this chapter shall be
permissible in accordance with the parameters of 9.5.3.1.
Interpolation is not permitted.

9.5.3.1 Tables 9.5.3.1a through 9.5.3.1j are based on the
following conditions:
(a) Simply supported vertical flexural member
(b) Top and bottom laterally supported
(c) Axial force neglected
(d) Self-weight neglected
(e) No deflection limits considered because wall thickness
and loading limits are specified
(f) The only loading considered is the equivalent fluid pres-
sure of soil (use 30, 43, 60, and 100 psf/ft)
(g) Maximum unsupported wall height is 8, 9, and 10 ft,
with maximum unbalanced backfill height of 7, 8, and 9 ft,
respectively
(h) Range of concrete compressive strength /. considered is
2500 to 4500 psi
(i) Yield strength of reinforcement f; is 40 or 60 ksi
(j) The building shall not be assigned to SDC D, E, or F, as
defined in 1.1.7
(k) Plain concrete modulus of rupture specified in 6.2.1.2
(1) Minimum concrete cover to vertical reinforcement is 0.75 in.
(m) Walls constructed with removable forms
(n) Specified maximum vertical reinforcement spacing is 48 in.

COMMENTARY

thickness is typically sufficient for contraction joint activa-
tion. If applicable, the jointing should be such that no axial
tension or flexural tension can be developed across a joint
after cracking, a condition referred to as flexural disconti-
nuity. Where random cracking due to creep, shrinkage, and
temperature effects will not affect structural integrity and is
otherwise acceptable (such as transverse cracks in a contin-
uous wall footing), transverse contraction or isolation joints
should not be necessary.

R9.5—Design

RY.5.3 Prescriptive design tables

R9.5.3.1 This minimum reinforcement and the maximum
bar spacing of 48 in. corresponds to the extensive history of
satisfactory performance. The tension face of the wall refers
to the face that is opposite the side that is loaded laterally
(supporting soil) (refer to Fig. R9.5.3.1 on p. 62).

Shaded areas of Tables 9.5.3.1a through 9.5.3.1j denote
conditions where the lateral support system should be
reviewed by a licensed design professional; for example,
conditions with high soil pressures or tall walls, such as 60
Ib/fi* soil pressure or a 10 ft wall height. Refer to footnote
(g) of these tables.

(0) Specified minimum vertical reinforcement sf@s@BBIEIBOlation
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Table 9.5.3.1a—Vertical reinforcing bar spacing for concrete basement walls; f.’ = 2500 psi and f, = 40,000 psi

Maximum 12! (psi) = 2500 Maximum equivalent fiuid pressure of soil, psf/ft
clear wall
height, ft [ (psi) = 40,000 30 ‘ 45 60 100
PC|PC|PC|PC|PC|PC|PC|PC|PBC|PC|PC|PC]|PC|PC PC | PC
PC |PC |PC |PC |PC|PC|PC |PC |PC |PC|PC|PC|PC|PC PC | PC
5 PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC]|PC|PC PC | PC
PC|PC |PC |PC |PC|PC|PC|PC|PC|PC|PC|PC|PC|PC PC PC | PC
PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC PC PC | PC
PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC]|PC PC PC | PC
PC |PC |PC|(PC|(PC|PC |PC|PBC | PC |PC|PC PC PC PC | PC
PC | PC |PC |PC |PC |PC |PC |PC | PC|PC|PC PC PC PC | PC
PC |PC |PC |PC |PC |PC |PC |PC | PC |PC|PC PC PC PC | B
PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC PC | PC PC | PC | PC | PC
PC|PC|PC|PC|PC|PC|PC|PC|PC PC PC | PC PC | PC | PC
PC |PC |PC [PC (PC|PC | PC | PC PC PC | PC PC PC
PC |PC |PC | PC |PC|PC|PC|PC|PC PC PC PC PC
PC |PC |PC |PC |PC |PC | PC | PC | PC pPC PC PC pPC
9 PC|PC |PC|PC|PC|PC|PC|PC|PC PC PC PC
PC|PC|PC|PC|PC|PC|PC|PC|PC PC PC
PC|PC |PC | PC|PC|PC|PC|PC|PC .8 PC
PC|PC|PC|PC|PC|PC|PC|PC]|EPC PC PC
PC | PC | PC | PC | PC PC | PC PC
PC | PE'| PC | PC | PC PC | PC i
PC | PC | PC | PC | PC PC | PC PC
PC | PC | PCH|RE|| RS PC PC PE
PC | PC | PC | PC | PC PC PC Pe
PC | PC | PC!| PC | PC BC PC PC
PC | PC | PC | PC | PC PC PC PC
PC | PC | PC | PC PC PC PC
BPC | PC | PC | PC PC PC PC
PC | PC | PC | PC PC PC
10 PC |PC | PC | PC PC
PC | PC | PC | PC PC
PC | PC | PC | PC
PC | PC | PC | PC
PC | PC | PC | PC
PC | PC | PC | PC
PC | PC | PC | PC
PC | PC | PC | PC
Notes:
a) PC refers to plain concrete where no vertical reinforcement is required. All other reinforcement shall be consistent with 9.2.3.2,9.2.4, 9.2.5, and 9.2.6.
b) NR refers to not recommended, where vertical reinforcement spacing drops below a practical field limitation of 6 in. on center for the given condition.
¢) 1 refers to reinforcement placed near the tension face (inside) of the foundation wall as specified in 9.2.4.2(f).
d) C refers to reinforcement placed near the centerline of the foundation wall as specified in 9.2.4.2(g).
e} This table is applicable to walls of specified height, unbalanced backfill height, equivalent fluid pressure of soil, concrete strength, and the yield strength of reinforcement.
f) Values in this table are derived in accordance with Chapter 6 and 9.2,
2) Values under the thickened lines denote conditions where lateral loads at the top of the foundation wall exceed the capacity of the minimum provisions found in 9.6.1. A licensed design
professional shall be consulted for the design of the connection between the floor framing and the foundation wall.
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Table 9.5.3.1b—Vertical reinforcing bar spacing for concrete basement walls; f.' = 2500 psi and f, = 60,000 psi

Maximum 1" (psi) = 2500 Maximum equivalent fluid pressure of soil, psf/ft
clear wall
height, ft [ (psi) = 60,000 45 60 100
PC|PC|PC|PC|PC|PC|PC |PC|PC|PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC
PC|PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC
8 PC | PC | PC | PC PC PC BC | PC PC PC | PC
PC | PC | PC PC PC PC PC
PC | PC | PC PC PC PC
PC | PC | PC PC PC PC
PC | PC | PC rC
PC | FC | PC PC
PC | PC | PC pPC
BC | PC | PC PC
FC | PC | PC
PC | PC | PC
PC | PC | PC
PC | PC | PC
5 PC | PC | PC
PC | PC | PC
PC | PC | PC
PC | PC | PC
PC | PC | PC
PC | PC | PC
PC | PC | PC
PG| RG] R
PC | PC | PC
PC | PC | PC
PC | PC | PC
FC | PC | PC
PC | PC | PC
FC |PC | PC
10 PC |PC | PC
PC | PC | PC
PC | PC | PC
PC Pc
PC |PC | PC
PC | PC | PC
PC | PC | PC
PC | PC | PC
Notes:
a) PC refers to plain concrete where no vertical reinforcement is required. All other reinfor shall be consistent with 9.2.3.2, 92,4, 92.5, and 9.2.6.
b) NR refers to not recommended where vertical reinforcement spacing drops below a practical field limitation of 6 in, on center for the given condition.
©) 1 refers to reinforcement placed near the tension face (inside) of the foundation wall as specified in 9.2.4.2(f).
d) C refers to reinforcement placed near the centerline of the foundation wall as specified in 9.2.4.2(g).
) This table is applicable to walls of specified height, unbalanced backfill height, equivalent fluid pressure of soil, concrete strength, and the yield strength of reinforcement,
1) Values in this table are derived in accordance with Chapter 6 and 9.2,
a) Values under the thickened lines denote conditions where lateral loads at the top of the foundation wall exceed the capacity of the minimum provisions found in 9.6.1. A licensed design
professional shall be consulted for the design of the connection between the floor framing and the foundation wall.
Q@seismicisalation ,
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Table 9.5.3.1c—Vertical reinforcing bar spacing for concrete basement walls; f.’ = 3000 psi and f, = 40,000 psi

Maximum S (psi) = 3000 Maximum equivalent fluid pressure of soil, psf/ft
clear wall
height, ft [y (psi) = 40,000 30 45 60 100
PC|PC|PC|PC|PC |PC |PC |PC|PC|PC|PC|PC|PC|PC|PC|PC PC
PC|PC |PC |PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC PC
5 PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC PC
PC | PC | PC PC |PC |PC |PC [PC |PC |PC |PC |PC | PC | PC | PC PC
PC | PC |PC |PC |PC |PC |PC |PC |PC | PC | PC PC | PC | PC | PC PC
FC | PC | PC | PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC | PC PC
PC |PC |PC |PC [PC |PC |PC |PC |PC | PC PC |PC | PC | PC rC
PC |PC |PC |PC |PC |FC |PC | PC | PC | PC PC | PC | PC | PC PC
PC |PC |PC |PC [PC |PC |PC |PC |PC | PC PC (PC | PC | PC PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |(PC |PC | PC | PC PC |PC | PC | PC
PC |PC |PC |PC |PC PC |PC |PC |PC |PC |PC |PC |(PC |PC |PC |PFC |PC |PC |PC |PC |PC | PC
PC |PC |PC |PC |PC (PC |[PC |PC |PC [PC (PC |PC |PC |PC |PC |PC |PC |PC [PC |PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC BC | PC
PC |PC |PC |PC |[PC (PC |PC|PC |PC|PC|(PC |PC|PC|PC|PC PC | PC
Y PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC]|PC PC
PC |PC |FC |PC | PC | PC |PC | PC | PC PC | PC | PC
PC|PC |PC |PC |PC |PC | PC | PC | PC PC | PC | PC
PC|PC |PC |PC |PC |PC |FC | PC | PC PC | PC | FC
PC | PC | PC PC | PC PC | PC | PC
PC | PC | PC | PC PC | PC | PC PC | PC | PC
PC | PC | PC | PC PC | PC | PC : PC | PC | PC
PC | PC |PE | PE. | FC | PC | PC | PC | PC |BC | PC |PC (PE [(PC |PC | PC |PC |PC |PC | PC | PC | PC
PC |PC (PC |PC |PC |FC |PC |PC | PC PC | FC | PC | PC BPC PC
PC PC |PC |PC |PC |PC | PC | PC PC | PC | PC FC PC
pPC PC | PC | PE | BE | PC | PC. | PE PC | PC PC
PC |PC (PC |PC |PC | PC |PC | PC |PC PC | PC PC
PC |PC |PC |PC | PC |PC |PC |PC |PC PC | PC PC
BC |PC |PC |PC |PC |PC |FC |PC | PC PC PC
10 PC |PC |PC |PC |PC |PC |PC |PC | PC PC PC
PC|PC |PC |PC|PC |PC|PC|PC|PC PC PC
PC | PC | PC BPC
PC | PC | PC PC
PC | PC | PC rC
PC | PC | PC
PC | PE | PC
PC | PC | PC
Notes:
a) PC refers to plain concrete where no vertical reinforcement is required. All other reinforcement shall be consistent with 9.2.3.2, 92,4, 92,5 and 9.2.6,
b) NR refers to not recommended where vertical reinforcement spacing drops below a practical field limitation of 6 in. on center for the given condition.
¢) 1 refers to reinforcement placed near the tension face (inside) of the foundation wall as specified in 9.2.4.2(1).
d) C refers to reinforcement placed near the centerline of the foundation wall as specified in 9.2.4.2(g).
&) This table is applicable to walls of specified height, unbalanced backfill height, equivalent Auid pressure of soil, concrete strength, and the yield strength of reinforcement.
1) Values in this table are derived in accordance with Chapter 6 and 9.2,
g) Values under the thickened lines denote conditions where lateral loads at the top of the foundation wall exceed the capacity of the minimum provisions found in 9.6.1, A licensed design
professional shall be consulted for the design of the connection between the floor framing and the foundation wall.
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Table 9.5.3.1d—Vertical reinforcing bar spacing for concrete basement walls; .’ = 3000 psi and f, = 60,000 psi

Maximum 12! (psi) = 3000 Maximum equivalent fluid pressure of soil, psf/ft
clear wall
height, ft [ (psi) = 60,000 30 45 60 100
PC|PC|(PC|PC|PC|PC|PC|PC|PC|PC|(PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC]|PC
PC|PC |PC |PC |PC |PC |PC | PC |PC |PC | PC | PC PC |PC |PC |PC | PC | PC |PC | PC | PC
8 PC|PC | PC |PC|PC | PC PC |PC|PC |PC|PC|PC|PC|PC|PC PC PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC | PC PC
PC|PC|PC |PC|PC|PC|PC|PC |PC|PC|PC|PC|PC|PC|PC PC
PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC | PC
PC |PC |PC |PC |PC |PC |PC |PC | PC | PC PC | PC | PC | PC
PC | PC | PC | PC | PC PC | PC | PC | PC PC | PC | PC | PC
PC |PC (PC |PC |PC |PC |PC |PC | PC | BC BC | PC | PC PC
PC |PC |PC |PC |PC [PC |PC |PC |PC [PC |PC |PC | PC | PC | PC PC | pC
PC | PC | PC PC |PC |PC |PC |[PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC (PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC
PC | PC |PC | PC > | PC | PC | PC " PC | PC PC
PC | PC | PC PC | PC | PC PE: | PG PC
5 PC | PC | PC | PC PC | PC | PC PC | PC
PC | PC | PC | PC PC | PC | PC
PC | PC | PC | PC PC | PC
PC | PC [ PC | PC PC'| PC
PC | PC'| PC | PC PC | PC
PC | PC | PC PC | PC
PC | PC | PC | PC PC | PC
PC | PC [ PC | PC PC | PC
PC | PC | PC | PC PC | PC
PC | PC | PC | PC PC | PC
PC |PC | PC | PC PC | PC
PC [PC | PC | PC PG| PC
BC |PC |PC |PC PC | PC
PC | PC |PC | PC PC | PC
10 PC |PC |PC | PC PC | PC
PC | PC | PC | PC PC | PC
PC | PC | PC | PC PC | PC
PE | P 1P | PE BC | PC
FC | PC | PC | PC PC
FC | PC | PC | PC
PC | PC | PC | PC
PC | PC | PC | PC
Notes:
a) PC refers to plain concrete where no vertical reinforcement is required. All other reinfor t shall be consi with 9232, 924, 925, and 9.2.6.
b) NR refers to not recommended where vertical reinforcement spacing drops below a practical field limitation of 6 in. on center for the given condition,
¢) I refers to reinforcement placed near the tension face (inside) of the foundation wall as specified in 9.2.4.2(f).
d) C refers to reinforcement placed near the centerline of the foundation wall as specified in 9.2.4.2(g).
€) This table is applicable to walls of specified height, unbalanced backfill height, equivalent fluid pressure of soil, concrete strength, and the yield strength of reinforcement,
1) Values in this table are derived in accordance with Chapter 6 and 9.2,
o) Values under the thickened lines denote conditions where lateral loads at the top of the foundation wall exceed the capacity of the minimum provisions found in 9.6.1. A licensed desigr
professional shall be consulted for the design of the connection between the floor framing and the foundation wall.
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Table 9.5.3.1e—Vertical reinforcing bar spacing for concrete basement walls; f.’ = 3500 psi and f, = 40,000 psi

Maximum S (psi) = 3500 Maximum equivalent fluid pressure of soil, psf/ft

clear wall
height, ft

[y (psi) = 40,000

S G I GG GG CIGIGIGIGIG

PC
PC

PC
PC

218 I1R8[B|BB BIBIRIBIBIRIBIZIRIRIRIB

8
B 2818|8288 |8

21381831828 (&[3|B]3 IR 1Z|R|RBIR|B|Z|B|B|IB|RIZIR|BIR|B

2RISR B8 (BB IBIB|RIBIRIBIRIRBIZIRIZIZ|RIBIBIZIZ RIBIRIBIRISR

2R8I |8|8|R|8|8|8|B|RIBIRIBIBIRIZIRIRIBIRIZIRIRIRIBIRIRIR|B|R|B

2IRIB[IRIRIRIR|ZB|R|R|BIBIRIZ|RIRIRIZBIBIRIZIRIRIBIRIZRIRIRIRIBIRIB|RIBIR|R

PC PC PC
PC PC PC
PE PE PC
PC PC PC
e e | PC PC | PC PC
PC| PC | PC PC | PC PC
PC | PC | PC PC | PC PC
POI[IPE | PE PC[-PE rC
PC | PC | PC PC | PC PC
PG [ERE || P PC | PC PC
PC | PC | PC PC | PC | PC
PC | PC | PC PC | PC | PC
PC | PC | PC.| BC | PC. | PEHPC
PC PC | PC | PC | PC
PC PC | BC | P€C | 'PC
PC PC | PC | PC | PC
PC PC | PC | PC | PC
e | PG PG PG | PG | PG | PE
PC | PC PC PC | PC | PC | PC

MNotes:

a} PC refers to plain concrete where no vertical reinforcement is required. All other reinforcement shall be consistent with 9.2.3.2, 9.2.4, 9.2.5, and 9.2.6.

b) NR refers to not recommended where vertical reinforcement spacing drops below a practical field limitation of 6 in. on center for the given condition.

¢} 1 refers to reinforcement placed near the tension face (inside) of the foundation wall as specified in 9.2.4.2(f).

d) C refers to reinforcement placed near the centerline of the foundation wall as specified in 9.2.4.2(g).

¢} This table is applicable to walls of specified height, unbalanced backfill height, equivalent fluid pressure of soil, concrete strength, and the yield strength of reinforcement.

) Values in this table are derived in accordance with Chapter 6 and 9.2,

2) Values under the thickened lines denote conditions where lateral loads at the top of the foundation wall exceed the capacity of the minimum provisions found in 9.6.1. A licensed design
professional shall be consulted for the design of the connection between the floor framing and the foundation wall.
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Table 9.5.3.1f—Vertical reinforcing bar spacing for concrete basement walls; f.’ = 3500 psi and f, = 60,000 psi

Maximum S (psi) = 3000 Maximum equivalent fluid pressure of soil, psf/ft

clear wall
height, ft [ (psi) = 60,000 30 45 60 100

PC|PE€|PC | PC|PC |PC|PC|PC|PC | PC|PC | PC|PC | PC| FC. | PC
PC | PC |PC|PC |PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC

3 BC|PC|PC|FC|PC|BFC|(PC|PC|PC|PC|PC|BC|EBC|PC|PC|PC
PC | PC |PC|PC|PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC
PC|PC|PC|PC | PC | PC | FC|PEC | PC|'PC | PC | FC | PC | PC | BC | PC
PC | PC | PC |PC|PC |PC|PC|PC|PC | PC|PC| PC | PC|PC|PC|PC
PC | PC|PC|PC | PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC
PC|RPC |PC | PC | PC | PC | PC | FC | P€|'PC | PC | PC | PC | PC | PC | PC
PC | PC |PC|PC | PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC
PC || PC:|'PE | PC | PC | BC | BC'| BC | BC.|/PE | PC | PE | FC | RE'| PC | BC
PE || P |'PE | FE€ | PE | FE | PC |- FC | PC|IBE | PEi | BE | FC | BC'|:PC | PE
PC | PC|PC|PC | PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC
PC|PC|PC | PC|PC|PC|[PC|PC|PC|PC|PC | PC | PC | PC| BC | PC
PC | PC |PC|PC | PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC

= PC | PC |PC|PC|PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC]|PC
BC || BC: |'BC | PC | BC | PE: | BC'| ' FC | PC|. PG BC | PC'| BC | PC
PC | PC | BC | PC | BC | PC|| PC| BT | PE | PC PC | PC | PC | PC
BC|PC | PC|PC|PC|PC|PBC|PC|PC|PEC RC | BC| PC | PC
PC |LPC"| PC | PC PC | PC | PC | PC PC [/BE:| BC | PC
PC | PC | PC | PC PC | PC | PC | PC PC | PC | PC | PC
PC | PC | PC | PC PEY|BC | BC| P PG [CBC | 'PC | PE
PC | PCi[PE | P VP | PCyl PEPE)| PC | PE PC PC | PC | PC
PG| BE|7PC | PG| PE | PE[ BC'| BPCI|| BC: | € PC PC'| PC | PC
PC | PC/|PC | PC | PC | PC | PC| PC | PC | PC PC PC | PC | PC
PC | PC | PC|PC|PC|PC|PC|PC|PC|PC PC PE | PC | PC
PFC | PGP PC | BE | PCI| BE B PC | PE PC PC
PC | PC|PC|PC|PC|PC|PC|PC|PC|PC pC PC
PC|PC|PC|(PC|PC|PC|EBC|PC|PC|PC PC

10 EC || PE.|.PE | PS | PE | PC | PE7|PE | PE|. PG PC
PC|PC |PC|PC|PC|PC|PC|PC|PC|PC PC
PC | PC | PC | PC BE’| PC | PCI|TPC PC
PC | PC | PC | PC PE | PC | PC | PC PC
PC | PC | PC | PC PC (PC | PC | PC rC
PC | PC | PC | PC PG | -EC | P& |iPE
PC | PC | PC | PC PC | PC | PC | PC
PC | PC | BC | PC PC'| BC | PC'| PC

Motes:

a) PC refers to plain concrete where no vertical reinforcement is required. All other reinforcement shall be consistent with 9.2.3.2, 924, 9.2.5 and 9.2.6.

b) NR refers to not recommended where vertical reinforcement spacing drops below a practical field limitation of 6 in. on center for the given condition.

¢} I refers to reinforcement placed near the tension face (inside) of the foundation wall as specified in 9.2.4.2(f).

d) C refers to reinforcement placed near the centerline of the foundation wall as specified in 9.2.4.2(g).

) This table is applicable to walls of specified height, unbalanced backfill height, equivalent fluid pressure of soil, concrete strength, and the yield strength of reinforcement.

N Values in this table are derived in accordance with Chapter 6 and 9.2

g) Values under the thickened lines denote conditions where lateral loads at the top of the foundation wall exceed the capacity of the minimum provisions found in 9.6.1. A licensed design

professional shall be consulted for the design of the connection between the floor framing and the foundation wall.
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Table 9.5.3.1g—Vertical reinforcing bar spacing for concrete basement walls; .’ = 4000 psi and f, = 40,000 psi

Maximum £ (psi) = 4000 Maximum equivalent fluid pressure of soil, psf/ft
clear wall
height, ft [ (psi) = 40,000 30 45 60 100
PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC
PC|PC |PC |PC |PC |PC |PC |PC |PC |PC |PC|PC |PC |PC |PC |PC|PC |PC |PC|PC|PC|PC|PC|PC
5 PC |PC |PC|PC |PC|PC|PC|PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PBC|PC|PC PC | PC
BPC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC | PC PC PC | PC
PC |PC |PC|PC |PC|PC|PC |BPC|PC|PC|PC|PC|PC|PC|PC|PC]|PC PC PC | PC
PC |PC |PC |PC |PC|PC |PC |PC |PC|PC |PC|PC|PC|PC|PC|PC]|PC PC PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC PC PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC | PC | PC | PC PC PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC | PC PC PC | PC
PC |BC |PC |PC |[PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC PC PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC PC PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |(PC |[PC |PC |PC |PC |PC | PC PC PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC PC PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC (PC |PC |PC |PC | PC | PC | PC PC PC | PC
9 PC|PC |PC|PC|PC|PC|PC |PC|PC|PC|PC PC PC PC | PC
PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC PC | PC
PC (PC (PC | PC |PC |PC |PC |PC | BC | PC | PC PC | PC
PC|PC|PC |PC|PC|PC|PC|PC|PC|PC PC | PC
PC |PC |PC |PC |PC |PC |PC |PC | PC | PC PC | PC
PC | PC PC |PC |PC |PC | PC |PC | PC | PC PC | PC
PC |PC | PC |PC | PC | PC |PC |PC | PC | PC PC PC | PC
PC |PC (PC |PC |BC |PC |PC |PC |PC | PC | PC PC |PC |PC |PC | PC | PC | PC
PC | PC |PC | PC | PC | PC PC | PC | PC | PC PC PC | PC
PC | PC | PC PC | PC PC.|PC | PC | PC PC
PC | PC | PC PC |PC [PC |PC |PC | PC |PC PC
PC | BC | PC | PC |'FC | B [P | PC |/PC | PC |/PC PC
PC |PC |PC |BPC |PC |PC |PC |PC |PC |PC |PC PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC PrC
10 PC | PC | PC | PC PC |PC |PC |PC | PC | PC PC
PC | PC | PC | PC PC|PC |PC |PC | PC | PC PC
PC | PC | PC | PC PC PC | PC | PC
PC | PC | PC | PC PC PC | PC | PC
PC |PC |PC | PC | PC | PC PC | PC | PC
PC | PC | PC | PC | PC | PC PC | PC | PC
PC | PC |PC | PC | PC | PC PC | PC | PC
PC |PC |PC | PC | PC | PC PC | PC | PC
Notes:
a) PC refers to plain concrete where no vertical reinforcement is required. All other reinforcement shall be consistent with 9.2.3.2, 92.4,9.2.5, and 9.2.6,
b) NR refers to not recommended where vertical reinforcement spacing drops below a practical field limitation of 6 in, on center for the given condition.
¢) 1 refers to reinforcement placed near the tension face (inside) of the foundation wall as specified in 9.2.4.2(f).
d) C refers to reinforcement placed near the centerline of the foundation wall as specified in 9.2.4.2(g).
&) This table is applicable to walls of specified height, unbalanced backfill height, equivalent fluid pressure of soil, concrete strength, and the yield strength of reinforcement.
) Values in this table are derived in accordance with Chapter 6 and 9.2,
g) Values under the thickened lines denote conditions where lateral loads at the top of the foundation wall exceed the capacity of the minimum provisions found in 9.6.1. A licensed design
professional shall be consulted for the design of the connection between the floor framing and the foundation wall.
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Table 9.5.3.1h—Vertical reinforcing bar spacing for concrete basement walls; .’ = 4000 psi and f, = 60,000 psi

Maximum 1" (psi) = 4000 Maximum equivalent fluid pressure of soil, psf/ft

clear wall
height, ft [ (psi) = 60,000 30 45 60 100

a) PC refers to plain concrete where no vertical reinforcement is required. All other reinforcement shall be consistent with 9.2.3.2,9.2.4,9.2.5, and 9.2.6.

b) NR refers to not recommended where vertical reinforcement spacing drops below a practical field limitation of 6 in. on center for the given condition.

¢) 1 refers to reinforcement placed near the tension face (inside) of the foundation wall as specified in 9.2.4.2(f).

d) C refers to reinforcement placed near the centerline of the foundation wall as specified in 9.2.4.2(g).

) This table is applicable to walls of specified height, unbalanced backfill height, equivalent fluid pressure of soil, concrete strength, and the yield strength of reinforcement.
) Values in this table are derived in accordance with Chapter 6 and 9.2,

professional shall be consulted for the design of the connection between the floor framing and the foundation wall.

PC|PC|PE€|PC | PC|PC | PC|PC|PC|PC|PC|PC | PC|PC|PC|PC|PC|PC|PC|PC|PE|PC|PRC
PC|(PC|PC |PC|PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC

3 PC|RE | BE['PC | PC | PG| BC | BE|PC | BE|'RE | BC | BE | BPC | PE|EC | BE | FC | PE | PE | PC | PC [ BC
PC |PC|PC|PC|PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC|PC PC | PC | PC | PC
PC|PC | PC|BC | PC | FC | PC | PC | PEC | BC'|'PE | PC | FC | PC | FC | BC | PC FC | PC | PC | FC
PC|PE | PE:[.RPE | PC'| PE | P€ | PE'|'RPE | 2C|'PE.| BC: | PE | PG| PE|FC. | PC PC | PC | PC | BC
PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC PC | PC | PC | PC
PC|PC|PC |PC|PC|PC|PC|(PC|PC|PC|'PC|PC|FC|PC|PC|PC|PC PC | PC | PC | PC
PC | PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC PC | PC | PC | PC
FC | PC| PG |'PE | BFC | PC | BC | BC| BC | BC|'BPE | PC | PC | PC | BE| PC | BC |'PC | PC | PE | FC | PE'| BC
PE [ BE || P |'PE | FE€ | PE | FE | PC |-BC | PC| B | PE: | BE | FC | BC'|:PC | B’ |\FC | PE€ | TC [ FE || BE: | PE
PC|(PC|PC|(PC|PC | PC|PC | PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC
PC|PC|PC|PC | PC | PC | PC | PC| PC | BC'| PC | PC' | PC€ | PC | PC'| BC | PE PC PG
PC|PC|PC |PC|PC|PC|PC |PC|PC|PC|PC|PC|PC|PC|PC|PC|PC PC PC

= PC|PC|PC|PC|PC|(PC|PC|(PC|PC|(PC|PC|PC|PC|PC|PC|PC|PC PC
PG [7BC || BC: |'BCG | PC | BC | PE: | BC|FC | PE| PG BC | PC'| BC | PC
PC|(PC | PC |PC | PC|BC|PC | PC|PC | PE|PC PC | PC | PC | PC
PC/| BC | PC LPESI"PC | PC | BC | PC | PC | PCHLEE RC | BC| PC | PC
PG| PC |PE”) PC | PC' | PC | PC | BC'| BPC | PC| BC PC [/BE:| BC | PC
PC' | PC'| PC | PC | PC | PC | PC | PE | PC | PE | PCE PC | PC | PC | PC
PCEEC || BC PG | FC | BC | FE | PCY| BE | BPCE| P& PE[NRC. | 'PE | PE
PG . PC | PC[@G | PC. [ PC | PCy| PCPCE)| PC: | PE | PC | PC |PE | PE | PC | PC|PC | PC | PC | PC | PG | PC
BC | ‘PG| BE7PC | PCRE | PE[EC| ‘PG RE: | BE | PC'| PC |:PEI("RE| BC | P |:PC | PE | PC | PC | PE'| PC
PG | PC | @1 PC | PC [IPE | P€| PC:| PC.| PC:| IBEI| PC: | PC [ERCIPPEG| PC.| PC | PC | PE€ | PC | RC | PG| FC
PC | PC | PC| PC | PC.| PE | PE || PC | PC | PC PE | PE | PE | PC | PC PC | PC PC
PC | BC | PGP PC| B | PCI[ BEiBE]|PC: | P PC BC | PC | PC PC | PC | PC| PC
PC |PC|PC |PC|PC|PC|PC|PC|PC|PC pC PC PC PC
FC|PC | PC|PC|PC| PC | PC | BC | PE€ | PC | FC PC

10 PE|'RE || PE.|PE | FC | PE | PC | PEY|'PE | PEI| PG PC
PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC PC
PC | FC | PC |'PC | PC BE’| PC | PCI|TPC PC
PC | PC | PC | PC | PC PE | PC | PC | PC PC
PC (PC | PC | PC | PC PC | PC | PC | PC PrC
PC | .FC | PE | FC | P PG | -EC | P& |iPE
PC | PC|PC | PC | PC PC | PC | PC | PC
PC | PC | PC'| PC | PC PC'| BC | PC'| PC

Motes:

2) Values under the thickened lines denote conditions where lateral loads at the top of the foundation wall exceed the capacity of the minimum provisions found in 9.6.1. A licensed desigr
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Table 9.5.3.1i—Vertical reinforcing bar spacing for concrete basement walls; f.' = 4500 psi and f, = 40,000 psi

Maximum S (psi) = 4500 Maximum equivalent fluid pressure of soil, psf/ft
clear wall
height, ft [ (psi) = 40,000 30 45 60 100

PC | PC
PC
PC
PC

PC|PC |PC|PC|PC|PC|PC
PC | PC | PC
PC | PC | PC
PC | PC | PC
PC

PC | PC |PC|PC | PC|PC PC | PC | PC | PC

PC | PC | PC
PC
PC
PC | PC
PC
PC

PC | PC
P

PC | PC | PC PC | PC | PC | PC
PC | PC PC PC | PC
PC

5|38 3
2R[B|RIRIRIBIRIR
=
3
218(8|8
318|8

3|8

PC
PC
PC PC
PC | PC PC
PC PC | PC | PC
PC PC |PC | PC |PC
PC
PC
PC

2[818(8
8
8
28|78
2[RRI

PC
PC
PC

SIRIBIRIRIBIRIBRIR|BIR|B

PC PC
PC | PC

38|83

28 |8(8
31818|8|3[3 (318|888 |8|3[3|3|8|8|8|8

g
3
GG

2181818888 18|8|2|8|8 8|8

338

PC
PC

38|88

PC | PC | PC
PC | PC
PC | PC
PC | PC
PC | PC PC | PC
PC | PC | PC | PC PC | PC | PC
PC |PC |PC | PC | PC | PC
PO EPEN PG e PC
PC
PC

PC
PC

PC
PC

2IR|BIR|&I8

gR|R

S|1318(&
3
1 it
212

=
2838

PC
PC
PC

8
2R

PC
PC
PC
PC | PC
PC |'PC
PC
PC
PC
PC
PC
PE| PR
PC | PC
PO | PG
PC | PC

PC
PC
PC

3
B[R |18|8
ElGIGIGI G G

RIR|B|8|8|318(3(8|8|8|8|8

PC
PC

PC
PC
PO BC
PC
PC
PC
PC
PC

3|18|8|8

PC
PC
PC
PC
PC
PC

1] G

BIBIRIBIRIBIBIZIAIRIBIBIRA
3

RIR|B|B|B|BB|E[3]|8|8|8

S GIGIGIIGIEIGI GG G GG

Notes:
a) PC refers to plain concrete where no vertical reinforcement is required. All other reinfor shall be i with 9.2.3.2,92.4,9.2.5 and 9.2.6,

b) NR refers to not recommended where vertical reinforcement spacing drops below a practical field limitation of 6 in, on center for the given condition.

¢) 1 refers to reinforcement placed near the tension face (inside) of the foundation wall as specified in 9.2.4.2(f).

d) C refers to reinforcement placed near the centerline of the foundation wall as specified in 9.2.4.2(g).

&) This table is applicable to walls of specified height, unbalanced backfill height, equivalent fluid pressure of soil, concrete strength, and the yield strength of reinforcement.

f) Values in this table are derived in accordance with Chapter 6 and 9.2,

g) Values under the thickened lines denote conditions where lateral loads at the top of the foundation wall exceed the capacity of the minimum provisions found in 9.6.1. A licensed design
professional shall be consulted for the design of the connection between the floor framing and the foundation wall.
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Table 9.5.3.1j—Vertical reinforcing bar spacing for concrete basement walls; f.' = 4500 psi and f, = 60,000 psi

Maximum 12" (psi) = 4500 Maximum equivalent fluid pressure of soil, psf/ft
clear wall
height, ft [ (psi) = 60,000 30 45 60 100
PC|PC|(PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC|PC |PC|PC|PC|PC
8 PC|PC |PC|PC|PC|PC|PC|EC PC |PC|PC |PC|PC|PC |PC|PC|PC|PC|PC|PC|[PC|PC|PC
BPC |PC |PC |PC |PC |PC | PC | PC | PC | PC PC |PC | PC | PC | PC | PC PC | PC | PC | PC
PC |PC |PC |PC |PC |PC|PC |PC|PC |PC |PC|PC|PC PC | PC PC PC | PC | PC | PC
PC |PC |PC |PC |PC |PC|PC |PC|PC |PC|PC|PC|[PC|[PC|PC|PC|[PC|PC PC | PC | PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC PC | PC | PC | PC
PC |PC |[PC |PC |PC |PC |PC |PC |PC |PC | PC | PC | PC | PC PC | PC | PC PC | PC | PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC | PC | PC PC PC
PC |PC |PC |PC [PC |PC |PC |PC |PC | PC | PC | PC PC
PC |PC |PC |PC |PC |PC |PC |PC | PC |PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC
PC |PC |PC |PC |PC |PC |PC [PC |[PC |PC |PC | PC
PC |PC |PC |PC |PC |PC |PC |PC | PC | PC | PC | PC
5 PC|PC |PC |PC |PC|PC|PC |PC|PC|PC|PC|PC
PC|PC|PC|PC|PC|PC|PC|PC|PC|PC|PC]|PC
PC|PC |PC |PC |PC |PC | BC |PC |PC | PC | PC | PC
PC|PC|PC|PC|PC|PC|PC|PC|EC|PC|[PC|PC
PC|PC |PC |PC |PC |PC|PC |PC |PC|PC|PC|PC
PC |PC |PC |PC |PC |PC |PC |PC |PC | PC | PC | PC
PC |PC [PC |PC |PC |PC |PC |PC |PC |PC | PC | PC
PC |PC (PC |PC |PC |PC |PC |PC | PC | PC | PC | PC
PC | PE | PC | PG | PC | PCI|'PE | BE | PC | PC || BC | PE
PC | PC |.PC | PE€YPC |PC |IPC | FCI| PC | PC | PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC
PC | PC |PC | PC [PC |PC |PC | PC | PC | PC |PC | PC
PC |PC |PC |PC |PC |PC |[PC |PC |PC |PC |PC | PC
PC |PC |PC |PC |PC |PC |PC |PC |PC |PC |PC | PC
10 PC |PC |PC |PC |PC |PC |PC [PC |PC |PC |PC |PC
PC |PC |PC |PC |PC |PC|PC |PC|PC|PC |PC|PC
PC | PC | PC | PC | PC|PC PC | PC | PC | PC
PC | PC |PC | PC | PC | PC PC | PC | PC | PC
PC |PC |PC | PC | PC | PC PC |PC | PC | PC
PC | PC | PC | PC | PC | PC PC [.PC | PC | PC
BC | PC |PC | PC | PC | PC PC | PC | PC | PC
PC | PC |PC | PC | PC | PC PC | PC | PC | PC
Notes:
a) PC refers to plain concrete where no vertical reinforcement is required. All other reinfor shall be consi with9.2.3.2, 924, 925, and 9.2.6.
b) NR refers to not recommended where vertical reinforcement spacing drops below a practical field limitation of 6 in. on center for the given condition,
¢) I refers to reinforcement placed near the tension face (inside) of the foundation wall as specified in 9.2.4.2(f).
d) C refers to reinforcement placed near the centerline of the foundation wall as specified in 9.2.4.2(g).
€) This table is applicable to walls of specified height, unbalanced backfill height, equivalent fluid pressure of soil, concrete strength, and the yield strength of reinforcement,
1) Values in this table are derived in accordance with Chapter 6 and 9.2,
g) Values under the thickened lines denote conditions where lateral loads at the top of the foundation wall exceed the capacity of the minimum provisions found in 9.6.1. A licensed desigr
professional shall be consulted for the design of the connection between the floor framing and the foundation wall.,
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Fig. R9.5.3.1—Reinforced concrete foundation wall.

9.6—Connection to lateral support system

9.6.1 Connection to floor framing system at top of wall

A positive connection by means of bolts, or alternative
anchors approved by the jurisdiction having authority, shall
be required between the top of the wall and the floor framing
system. The minimum size and spacing of the anchors that
transmit the lateral force due to earth pressures to the floor
framing system shall conform to (a) through (f):
(a) Anchor bolt diameter shall be at least 0.5 in.
(b) Embedment depth of anchor bolts shall be at least 7 in.
(¢) Spacing of anchors bolts shall not exceed 6 ft.
(d) A minimum of one anchor shall be located within 12 in.
of each change of wall direction, height, or termination.
(e) A minimum of one anchor shall be located within 12 in.
of each side of each door or window opening.
(f) Other anchors or anchor straps shall be spaced as speci-
fied by the anchor manufacturer to provide an equivalent
connection to anchor blots conforming with (a) through (c).
Minimum anchor size and embedment shall be as specified
by the anchor manufacturer.

9.6.2 Wall-to-footing joints that comply with 8.2.2.1 are
deemed to have satisfied the bottom lateral support requirement.
R9.7—Construction requirements

9.7—Construction requirements R9.7.1 Forms
9.7.1 Forms Bulkheads form the edge of a construction joint and
Foundation wall forms shall be properly braced during are used at the end of a placement when an interruption is

placement and vibration of concrete and shall result in @saismicisolation
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ture that conforms to the shapes, lines, and dimensions within
the tolerances specified as required by the design drawings
and specifications. Block-outs, inserts, bulkheads, embedded
items, and reinforcement shall be installed in the forms in
such a manner that their final dimensions, alignments, and
elevations are maintained within the tolerances specified.

9.7.2 Construction joints

9.7.2.1 The joint surface shall be clean and wetted imme-
diately before concrete is placed.

9.7.2.2 Construction joints shall be oriented vertically
in plain concrete walls. Horizontal or vertical construction
joints are permitted in reinforced concrete walls.

9.7.2.3 For vertical construction joints, a minimum of
three horizontal reinforcing bars, equally spaced, shall
extend through construction joints, with a minimum length
of 24 in. on each side of the joint.

9.7.2.4 Construction joints shall be sealed in a manner to
prevent seepage of water, paste, or mortar through the joint
during concrete placement and consolidation.

9.7.3 Surface irregularities

9.7.3.1 Fins or projections of concrete greater than 0.5 in.
shall be removed after stripping forms. Surface areas where
voids in the concrete placement expose the reinforcement
shall be repaired.

9.7.4 Lateral restraint

9.7.4.1 The foundation walls shall be restrained top and
bottom against lateral movement. The top and bottom
restraint for the foundation wall shall be in place before the
introduction of backfill against the foundation wall. Tempo-
rary lateral restraint shall be permitted.

COMMENTARY

planned or anticipated. Common tolerances for residential
concrete can be found in ACI 332.1R.

R9.7.2 Construction joints
Construction joints may be required where there is an
interruption in the placement of concrete.

R9.7.2.1 External waterproofing and internal waterstops
are methods commonly used to provide watertight construc-
tion joints.

RY.7.3 Surface irregularities

It is important to remove fins or other projections from
the exterior wall surface to prevent interference with damp-
proofing and waterproofing systems. It is also important
to remove fins or other projections from the interior wall
surface to prevent interference with interior finish systems
where the wall surface encloses occupied space.

R9.7.4 Lateral restraint

A properly detailed connection between the wall and the
interior slab or a wall-to-footing joint conforming to 8.2.2.1
should provide bracing to the wall bottom. Values for equiv-
alent fluid pressure can be determined by using ASCE/SEI 7,
the general building code, or geotechnical reports obtained
locally.

@seismicisolation
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CHAPTER 10—ABOVE-GRADE WALLS

10.1—Scope
10.1.1 Provisions of this chapter shall apply to exterior
above grade walls of buildings within the scope of this code.

10.2—General
10.2.1 Material

10.2.1.1 Design properties for concrete shall be selected to
be in accordance with Chapter 5 and 10.2.1.

10.2.1.2 Design properties for steel reinforcement shall be
selected to be in accordance with 10.2.2.

10.2.2 Connection to other members

10.2.2.1 Factored forces and moments at top and base of
walls shall be transferred to supporting members by bearing
on concrete and by reinforcement and dowels.

10.2.2.2 Lateral support is required at the top and bottom
of the wall.

10.2.3 Forming systems

10.2.3.1 Removable forms and stay-in-place concrete
forms shall be permitted.

10.3—Design limits
10.3.1 Minimum specified wall thickness shall be 4 in.

10.3.2 The maximum vertical steel reinforcement provi-
sions shall be No. 4 at 48 in. on center.

10.4—Required strength
10.4.1 Required strength shall be calculated in accordance
with the factored load combination in 6.3.

10.4.2 Required strength shall be calculated in accordance
with the analysis procedures in Chapter 6.

10.5—Design

10.5.1 Above-grade wall design shall be designed in
accordance with Chapter 6 and based on analyzing the wall
as a simply supported vertical flexural member with the top
and bottom laterally supported.

10.5.2 The structure shall be designed to resist the wind
loads determined in accordance with ASCE/SEI 7.

10.5.3 Connection to lateral support system at top of wall

COMMENTARY

CHAPTER R10—ABOVE-GRADE WALLS

R10.3—Design limits

R10.3.2 Experience in the design of above-grade concrete
residential walls demonstrates that most designs for a wind
speed of 150 mph results in a vertical bar spacing of 48 in.
on center when using No. 4 steel reinforcement bars.

@seismicisolation
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10.5.3.1 A positive connection by means of steel anchors
shall be required between the top of the wall and the lateral
bracing system.

10.6—Construction requirements
10.6.1 Forms

10.6.1.1 Above-grade wall forms shall be stable during
placement of concrete and shall result in a structure that
conforms to the shapes, lines, and dimensions within toler-
ances as required by the design drawings and specifications.
Block outs, inserts, bulkheads, embedded items, and rein-
forcement shall be installed in the forms in such a manner
that their final dimensions, alignments, and elevations are
maintained within the tolerances specified.

10.6.2 Construction joints

10.6.2.1 The joint surface shall be clean and wetted and
standing water removed from the forms immediately before
concrete is placed.

10.6.2.2 Construction joints shall be oriented vertically in
concrete walls.

10.6.2.3 For vertical construction joints, a minimum
of three horizontal reinforcing bars, equally spaced, shall
extend through construction joints, with a minimum length
of 24 in. on each side of the joint.

10.6.2.4 Construction joints shall be sealed in a manner to
prevent seepage of water, paste, or mortar through the joint.

10.6.3 Surfuce irregularities

10.6.3.1 Fins or projections of concrete greater than 0.5 in.
shall be removed after stripping forms. Surface areas where
voids in the concrete placement expose the reinforcement
shall be repaired.

10.6.4 Continuity of wall reinforcement between stories

10.6.4.1 Vertical reinforcement shall be continuous
between elements providing lateral support of the wall.

COMMENTARY

R10.6—Construction requirements

R10.6.2 Construction joints

R10.6.2.1 It is important to remove fins or other projec-
tions from the exterior wall surface to prevent interference
with exterior finish systems or exposed concrete perfor-
mance. It is also important to remove fins or other projec-
tions from the interior wall surface to prevent interference
with interior finish systems where the wall surface encloses
occupied space.
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CHAPTER 11—LINTEL BEAMS

11.1—Scope
11.1.1 Provisions of this chapter shall apply to lintel beams
of buildings within the scope of this code.

11.1.2 Design of reinforced concrete walls shall be in
accordance with Chapter 9.

11.2—General
11.2.1 Material

11.2.1.1 Design properties for concrete shall be selected to
be in accordance with 6.2.1.

11.2.1.2 Design properties for steel reinforcement shall be
selected to be in accordance with 6.2.2.

11.2.2 Lintel beams shall be designed for gravity load
bearing conditions only.

COMMENTARY

CHAPTER R11—LINTEL BEAMS

R11.2—General

R11.2.2 Arching action above opening should be consid-
ered. The lintel beam only supports the weight of the concrete
and structure above the opening bounded by a triangular or
trapezoidal shape having a base corresponding to the clear
span of the lintel beam, and sides that start at the top edges
of the opening, extending upward and inward toward the
center of the opening at an angel of 45 degrees (refer to Fig.
R11.2.2). In cases where significant uplift forces can occur,
such as in high-wind events, lintel beams may be subjected
to reversed loading conditions.

Framed Structure Above ‘

‘ ~— Load path @ 45-deg

1T T 1l L 1 1 I 1l
E | P- [l | [:,; / : f

; it | i il I} 1|

5
A3
9 Lintel Beam per
Wall Opening —— Chapter 11

Fig. R11.2.2—Typical load path for lintel beam.

11.2.3 Lintel beams shall be designed to support uniform
loads from roof. floor, and wall framing. Lintels supporting
concentrated loads from roof or floor beams or girders or
similar framing are beyond the scope of this section and
shall be designed by a licensed design professional.

11.2.4 Lintel beams shall conform to (a) through (d):
(a) Steel reinforcement shall be provided in all lintel beams

R11.2.3 Lintel beams are used to transfer wall, floor,
roof, and attic dead loads; snow loads; and live loads above
opening in walls to the sides of the opening.

spanning openings equal to or greater than 2 ft in wid@seismicisolation
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(b) Lintel beam span shall not exceed 72 in.

(¢) Steel reinforcement shall extend at least 24 in. into the
wall section at each end of the lintel beam.

(d) Concrete cover shall be in accordance with 5.6.

11.3—Design limits
11.3.1 Minimum depth of cast in place lintel beams shall
be the greater of £/16 or 8 in.

11.3.2 For lintel beams with P, < 0.10f'A,, &, shall be at
least 0.004.

11.3.3 Negative moment at the supporting ends shall
govern and be based on w(?*/12.

11.4—Required strength
11.4.1 Required strength shall be calculated in accordance
with the factored load combination in 6.3.

11.4.2 Required strength shall be calculated in accordance
with the analysis procedures in Chapter 6.

11.5—Design
11.5.1 Lintel beams shall be designed by one of the
following methods:
(a) In accordance with Chapter 6
(b) According to the prescriptive method in 11.6.

11.5.2 ¢ shall be determined in accordance with 6.4

11.6—Prescriptive design
11.6.1 Lintel beams spanning openings <54 in. shall have
a minimum of two No. 4 steel reinforcement bars.

11.6.2 Steel reinforcement bars shall be spaced evenly
across the bottom of the lintel beam but no closer than 1 in.
between bars.

11.6.3 Lintel beams spanning openings 54 in. and <72
in. shall have steel reinforcement bars in accordance with
11.6.3.1 through 11.6.3.3.

11.6.3.1 Lintel beams supporting structures of two-stories
or less shall have three No. 4 steel bars.

11.6.3.2 Lintel beams supporting structures of three-
stories with tributary spans less than 40 ft shall have three
No. 4 steel bars.

11.6.3.3 Lintel beams supporting structures of three-stories
with tributary spans of 40 ft shall have four No. 4 steel bars.

11.6.4 Reentrant corners at the lower boundary of lintel
beams shall be reinforced in accordance with 9.2.6.2.

COMMENTARY

R11.3—Design limits

R11.3.1 It is common in the residential concrete industry to
have a standard assumption for a lintel condition in a cast-in-
place concrete wall to use a simply supported beam model.

R11.3.3 Lintel beams have fixed end restraints because the
walls and lintel beams are cast monolithically.
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CHAPTER 12—DESIGN FOR EXPANSIVE SOILS

12.1—Scope
Provisions of this chapter shall apply to footings and foun-
dations constructed in areas known to contain expansive clays.

12.2—General

12.2.1 The design of footings and foundations for build-
ings and structures founded on expansive soil shall conform
to 12.3.1 or 12.3.2.

12.2.2 Where expansive soil is removed to a depth that
ensures constant moisture content in the remaining soil, or
when the soil is stabilized in accordance with the general
building code, the design of footings and foundations for
buildings and structures need not conform to 12.3.1 or
12.3.2.

12.2.3 Fill material shall comply with the general building
code and shall not contain expansive soils.

12.3—Expansive soil classification

Soils shall be considered expansive when the expansion
index is greater than 20 as determined in accordance with
ASTM D4829 or when soils tested meet with (a), (b). and (c):
(a) Plasticity index of 15 or greater, determined in accor-
dance with ASTM D4318
(b) More than 12 percent of the soil particles are less than 75
um (pass a No. 200 sieve), determined in accordance with
ASTM D422
(c) More than 12 percent of the soil particles are less than
5 um in size, determined in accordance with ASTM D422

12.4—Design
12.4.1 Footings and foundations

12.4.1.1 Footings or foundations placed on or within the
moisture active zone of expansive soils shall be designed to
resist differential volume changes and to prevent damage to
the supported structure.

12.4.1.2 Foundations extending into or penetrating expan-
sive soils shall be designed to prevent uplift of the supported
structure and to resist forces exerted on the foundation due to
soil volume changes or shall be isolated from the expansive
soil.

12.4.2 Slab-on-ground mat foundations

12.4.2.1 Slab-on-ground and mat foundations on expan-
sive soils shall be designed using moments, shears, and
deflections derived from an analysis that accounts for the
combined action of the deformed shape of the soil support,
the plate or stiffened plate action of the slab, as well as both
edge lift and edge drop conditions.

COMMENTARY

CHAPTER R12—DESIGN FOR EXPANSIVE SOILS

R12.2—General

Plasticity index is the range of water content where the
soil is plastic., which is an important consideration for engi-
neering behavior of soil. For expansive soils, recommen-
dations for an appropriate plasticity index comes from soil

mechanics and geotechnical engineering, which are well
established fields of study.

R12.4—Design

R12.4.1 Footings and foundations

For limits on deflection and cracking of the supported
structure, refer to the general building code.

R12.4.2 Slab-on-ground mat foundations

The licensed design professional should design the slab on
expansive soil. If a post-tensioned slab is considered, then
the guidance on slab design can be obtained in ACI 360R
and post-tensioned slabs-on-ground can be found in PTI
DC10.1. The provisions for slabs-on-ground that are not on
expansive soils are addressed in Chapter 13 of this code.
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CHAPTER 13—SLABS-ON-GROUND

13.1—Scope

13.1.1 Provisions of this chapter shall apply to concrete
flatwork that is cast-in-place concrete with, and supported
by, underlying soils.

13.1.2 Provisions in this chapter shall be limited to estab-
lished residential loads and/or subjected to loads from vehi-
cles with a passenger capacity of nine or fewer.

13.2—Design
13.2.1 Slabs-on-ground must meet the requirements
(criteria) outlined in this chapter.

13.2.2 Concrete used for slabs-on-ground shall meet the
requirements of Tables 5.2.1 and 5.3.2.

13.3—Support

Slabs-on-ground shall be continuously supported on
undisturbed soil or with fill and base as described in 13.2.1
and 13.2.2.

13.3.1 Fill

13.3.1.1 The fill shall be compacted to provide uniform
support to the slab and shall not contain deleterious quanti-
ties of organic or foreign material. Fill lifts shall not exceed
24 in. for clean sand or gravel and 8 in. for suitable soils.
unless approved by the local building official.

13.3.2 Base

13.3.2.1 A 4 in. thick base course consisting of clean
graded sand, gravel, crushed stone, crushed slag, or recycled
crushed concrete passing a 2 in. sieve shall be placed on the
prepared subgrade when the slab is below grade.

13.4—Forms

Forms for slabs-on-ground shall be braced to maintain
horizontal and vertical alignment with sufficient strength to
resist concrete pressure and applied loads from mechanical
placing and finishing equipment.

13.5—Thickness
The minimum thickness of slabs-on-ground shall be 3.5 in.

13.6—Joints
13.6.1 Construction joints

COMMENTARY

CHAPTER R13—SLABS-ON-GROUND

R13.2—Design

These provisions apply to slabs placed on ground where
the loads do not exceed those expected because of pedes-
trian traffic and passenger vehicles. Any slab placed on
soil not suitable to support the imposed loads, located over
voids, or otherwise not continuously supported should be
designed and constructed as a structural slab. In addition,
refer to the general building code for applicable require-
ments concerning vapor retarder, granular base drainage,
waterproofing, and damp-proofing requirements.

R13.5—Thickness

Interior bearing walls on slabs-on-ground may require
thickened slab footings for load distribution. Refer to Fig.
R8.2.3.2a and 8.2.3.2¢ for unformed thickened slab footings.

R13.6—Joints
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13.6.1.1 Formed construction joints shall be provided
when concrete placing operations are interrupted long
enough for previously placed concrete to set.

13.6.2 Contraction joints

13.6.2.1 Contraction joints shall conform to (a) through
(e). Alternatively, an isolation joint conforming to 13.6.3 is
an acceptable contraction joint.
(a) Joints shall be formed, inserted, sawed. or tooled.
(b) Joint spacing shall not exceed the limits of Table 13.6.2.1
(c) Slab sections defined by contraction joints shall have an
aspect ratio not greater than 1.5.
(d) For conventional, wet- or dry-cut, sawed joints in hard-
ened concrete, joint depth shall be a minimum of one-fourth
of the slab thickness.
(e) For mechanical inserts, tooled, or early-entry sawcuts,
joint depth shall be a minimum of 1 in. or one-fifth of the
slab thickness, whichever is greater.

Table 13.6.2.1—Specified maximum contraction
joint spacing for slab-on-ground*

Specified maximum Specified maximum size
Slab thickness | size aggregate less than aggregate 3/4 in. and
I, in. 3/4 in. larger

3.5 8 fi 10 ft

4.5 10 ft 13 1t

5.5 12 ft 15 ft
"Applies for slabs without steel reinforeement and slabs containing up to 0.1 percent
reinforcement

13.6.3 Isolation joints
13.6.3.1 Isolation joints shall extend the full depth of the slab.

13.6.3.2 Where vehicular traffic crosses isolation joints,
slab thickness shall be increased at least 25 percent at the
joint and tapered back to thickness over a distance not less
than 12 in. from the joint.

13.7—Reinforcement
Reinforcement shall consist of deformed bars conforming
to4.2.1.

13.7.1 Steel reinforcement

13.7.1.1 Steel reinforcement shall be placed and maintained
in the upper one-half of the slab depth with a minimum cover
of 3/4 in. for interior conditions and 1-1/2 in. for exterior
conditions. Reinforcement shall be supported in a manner that
maintains its position during concrete placement.

13.7.2 Fiber reinforcement

13.7.2.1 The dosage rate of synthetic microfibers used

COMMENTARY

R13.6.2 Contraction joints

Contraction joints are required because concrete shrinkage
(shortening) occurs at a ratio of approximately 5/8 in. for
each 100 ft based on empirical data.

Interior bearing walls should not bear directly on slabs-
on-ground without considering the location of the contrac-
tion joint relative to the bearing wall. Also, the floor finish
(such as carpeting or tile) manufacturer instructions should
be consulted to determine the ability of the floor finish to
span the contraction joint. The spacing of joints according
to the provisions of Table 13.6.2.1 is intended to control
location of cracks: however, it may not eliminate all random
cracks in concrete slabs. For slab sections, with one or two
sides restrained by connection to a footing, the aspect ratio
limitations are waived. Experience has shown that the use of
an early-entry concrete saw 1 to 4 hours after finishing or a
conventional saw 4 to 12 hours after finishing tends to limit
in-panel crack development. Refer to ACI 302.1R for more
information on limiting slab-on-ground cracking.

R13.6.3 Isolation joints

Usually, isolation joints use at least 3/8 in. thick premolded
joint filler. Isolation joints are provided where:
(a) Slab edges are adjacent to other slabs-on-ground or walls
(b) Rigid elements penetrate the slabs-on-ground

Isolation joints are formed at the rigid element penetra-
tions by wrapping the element with a compressible filler
material.

R13.7—Reinforcement

R13.7.2 Fiber reinforcement
Synthetic microfibers may be used to control plastic
shrinkage cracking. Synthetic macrofibers, steel fibers, or

for plastic shrinkage crack control shall be determigksketsmicisdiationmay be used to control drying shrinkage cracking and
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Al

provide post-crack load-carrying capacity in place of or in
combination with steel reinforcement. Macrofiber and steel
fiber dosage rates may be determined in accordance with ACI
544 AR. Building product evaluation reports published by an
organization accredited by ISO/IEC 17065 may additionally
be used. Currently, ICC AC reports exist for synthetic and
steel fibers. Refer to Table R13.7.2 for the common descrip-
tions and dosage rates for synthetic fibers.

Microfibers Macrofibers
Fiber configuration Monofilament Fibrillated Monofilament/fibrillated
Plastic shrinkage settlement/ Plastic shrinkage settlement/ Sesementiclaation losssned
relaxation lessened relaxation lessened ;
Function Temperature and shrinkage crack control
Peaitick Precrack Precrack
Post-crack Post-crack
Fiber materials Typical dosage* Typical dosage® Typical dosage*

Synthetics 0.5 10 1.0 Iblyd® 1.5 to 3.0 Ibly? 3.010 7.5 Iblyd®
Natural 0.5 to 1.0 Ib/yd® _ —

Glass 0.5 10 1.0 Iblyd® 3010 6.0 Iblyd® 6.0 10 30.0 Iblyd®
Steel = = 6 10 40 Ib/yd®

"Dosages are for general guidance only. Consult manufacturers’ recommendations.
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aci } American Concrete Institute

Always advancing

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.

American Concrete Institute
38800 Country Club Drive
Farmington Hills, MI 48331
Phone: +1.248.848.3700
Fax: +1.248.848.3701
www.concrete.org
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The American Concrete Institute (ACl) is a leading authority and resource
worldwide for the development and distribution of consensus-based
standards and technical resources, educational programs, and certifications
for individuals and organizations involved in concrete design, construction,

and materials, who share a commitment to pursuing the best use of concrete.

Individuals interested in the activities of ACI are encouraged to explore the
ACI website for membership opportunities, committee activities, and a wide
variety of concrete resources. As a volunteer member-driven crganization,
ACl invites partnerships and welcomes all concrete professionals who wish to
be part of a respected, connected, social group that provides an opportunity

for professional growth, networking and enjoyment.
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