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ABSTRACT

Building Code Requirements and Specification for Masonry Structures contains four parts: Building Code Requirements for Masonry
Structures (TMS 402-08/ACI 530-08/ASCE 5-08); Specification for Masonry Structures (TMS 602-08/ACI 530.1-08/ASCE 6-08);
Commentary on Building Code Requirements for Masonry Structures (TMS 402-08/ACI 530-08/ASCE 5-08); and Commentary on
Specification for Masonry Structures (TMS 602-08/ACI 530.1-08/ASCE 6-08). These standards are produced through the joint
efforts of The Masonry Society (TMS), the American Concrete Institute (ACI), and the Structural Engineering Institute of the
American Society of Civil Engineers (SEI/ASCE) through the Masonry Standards Joint Committee (MSJC). The Code covers the
design and construction of masonry structures while the Specification is concerned with minimum construction requirements for
masonry in structures. Some of the topics covered in the Code are: definitions, contract documents; quality assurance; materials;
placement of embedded items; analysis and design; strength and serviceability; flexural and axial loads; shear; details and
development of reinforcement; walls; columns; pilasters; beams and lintels; seismic design requirements; glass unit masonry;
veneers; and autoclaved aerated concrete masonry. An empirical design method and a prescriptive method applicable to buildings
meeting specific location and construction criteria are also included. The Specification covers subjects such as quality assurance
requirements for materials; the placing, bonding and anchoring of masonry; and the placement of grout and of reinforcement. This
Specification is meant to be modified and referenced in the Project Manual. Since the Code is written as a legal document and the
Specification as a master specification required by the Code, the two commentaries present background details, committee
considerations, and research data used to develop the Code and Specification.

The designation of these standards has been modified from past editions to recognize the lead sponsorship role by The Masonry
Society.

Copyright © 2008, The Masonry Society, Boulder, CO, American Concrete Institute, Farmington Hills, MI, Structural Engineering
Institute of the American Society of Civil Engineers, Reston, VA. All rights reserved. This material may not be reproduced or copied, in
whole or part, in any printed, mechanical, electronic, film, or other distribution and storage media, without the written consent of TMS.

The Masonry Standards Joint Committee, which is sponsored by The Masonry Society, the American Concrete Institute, and the
Structural Engineering Institute of the American Society of Civil Engineers, is responsible for these standards and strives to avoid
ambiguities, omissions, and errors in these documents. In spite of these efforts, the users of these documents occasionally find
information or requirements that may be subject to more than one interpretation or may be incomplete or incorrect. Users who have
suggestions for the improvement of these documents are requested to contact TMS.

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

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

The sponsoring organizations, TMS, ACI, and SEI/ASCE, and their members disclaim liability for damages of any kind, including
any special, indirect, incidental, or consequential damages, including without limitation, lost revenues or lost profits, which may
result from the use of this publication.

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

Masonry Standards Joint Committee

The Masonry Standards Joint Committee (MSJC) is, as its name suggests, a joint committee sponsored by
The Masonry Society (TMS), the American Concrete Institute (ACI), and the Structural Engineering Institute
of the American Society of Civil Engineers (SEI/ASCE). Its mission is to develop and maintain design and
construction standards for masonry for reference by or incorporation into model building codes regulating
masonry construction. In practice, the MSJC is responsible for the maintenance of the Building Code
Requirements for Masonry Structures (TMS 402/ACI 530/ASCE 5), Specification for Masonry Structures
(TMS 602/ACI 530.1/ASCE 6) and their companion Commentaries. Committee membership is open to all
qualified individuals, within the constraints of balance requirements, balloting schedules and particular needs
for technical expertise. Committee meetings are open to the public.

Committee Activities include:

. Evaluate and ballot proposed changes to existing standards of the committee.
. Develop and ballot new standards for masonry.

. Resolve Negative votes from ballot items.

. Provide interpretation of existing standards of the Committee.

. Identify areas of needed research.

. Sponsor educational seminars and symposia.

. Monitor international standards.
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Additional details of the Committee, its work, and its meeting schedule are posted at
www.masonrysociety.org and can be obtained from The Masonry Society.

THE
MASONRY
SOCIETY

Advancing the knowledge of masonry

The Masonry Society (TMS) was founded in 1977 as a not-for-profit professional, technical, and educational
association dedicated to the advancement of knowledge on masonry. Today TMS is an international gathering of
people interested in the art and science of masonry, and its members include design engineers, architects, builders,
researchers, educators, building officials, material suppliers, manufacturers, and others who want to contribute to
and benefit from the global pool of knowledge on masonry.

TMS gathers and disseminates technical information through its committees, publications, codes and
standards, newsletter, refereed journal, educational programs, workshops, scholarships, disaster investigation
team, and conferences. The work of TMS is conducted by individual TMS members and through the
volunteer committees composed of both members and non-members. The Masonry Society serves as the lead
Society for the support of the MSJC, and as such, meetings of the committee are held at TMS meetings and
activities of the Committee are managed by TMS.

For more information about TMS, contact The Masonry Society, 3970 Broadway, Suite 201-D, Boulder, CO
80304-1135, U.S.A; Phone: 303-939-9700; Fax:303-541-9215; E-mail: info@masonrysociety.org; Website:
WWWw.masonrysociety.org
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American Concrete Institute®
Advancing concrete knowledge

The AMERICAN CONCRETE INSTITUTE
ACI was founded in 1904 as a nonprofit membership organization dedicated to public service and
representing the user interest in the field of concrete. ACI gathers and distributes information on the
improvement of design, construction, and maintenance of concrete products and structures. The work of ACI
is conducted by individual ACI members and through volunteer committees composed of both members and
non-members.

The committees, as well as ACI as a whole, operate under a consensus format, which assures all participants
the right to have their views considered. Committee activities include the development of building codes
requirements and specifications, analysis of research and development results, presentation of construction
and repair techniques, and education.

Individuals interested in the activities of ACI are encouraged to become members. There are no educational
or employment requirements. ACI’s membership is composed of engineers, architects, scientists, contractors,
educators, and representatives from a variety of companies and organizations. Members are encouraged to
participate in committee activities that relate to their specific areas of interest.

For more information about ACI, contact the American Concrete Institute, 38800 Country Club Drive,
Farmington Hills, MI 48331 U.S.A; Phone: 248-848-3700; Fax: 248-848-3701; Website: www.concrete.org

SEE

Structural Engineering Institute

of the American Sociely of Civil Engineers

The Structural Engineering Institute (SEI) is a 22,000 plus member organization within the American Society
of Civil Engineers (ASCE). SEI is organized into four Divisions. The Business and Professional Activities
Division (BPAD), promotes needed change in business and professional development issues unique to the
structural engineering profession. The Codes and Standards Activities Division (CSAD) develops and
maintains leading design standards that are used worldwide. The Local Activities Division (LAD) provides
technical, educational, and professional program support to the local structural technical groups within
ASCE’s sections and branches. The Technical Activities Division (TAD) advances the profession with the
dedicated work of its 70 plus technical committees that produce technical papers and publications and
produce the Journal of Structural Engineers, the Journal of Bridge Engineers, and the Practice Periodical on
Structural Design and Construction.

Through its four divisions, SEI advances the profession in many ways including developing standards such
as ASCE 7, encouraging discussion about licensure issues, enriching local Structural Technical Group
programs, leading coordination efforts with other standards organizations, conducting an annual Structures
Congress, offering cutting edge presentations, offering specialty conferences on topics of interest to the
Structural Engineering community, coordinating efforts with other structural engineering organizations,
responding to the community’s need for help in crisis, and providing low-cost seminars and webinars to the
Structural Engineering community

For more information about SEI, contact the Structural Engineering Institute, 1801 Alexander Bell Drive,
Reston, VA 20191; Phone: 703-295-6196; E-mail: jrossberg@asce.org; Website: www.seinstitute.org



Revision Formatting for the
2008 Building Code Requirements and Specification for Masonry Structures

At the request of users of these standards, the Code and Specification portions of this edition include
revision bars, deletion arrows and text boxes to designate places where major changes have occurred
since the 2005 edition of these standards. These marks are for information only and designate major
revisions. Editorial revisions, minor changes in section numbering, and similar other minor modifications
are not designated with revision formatting. The following describes the basic purpose of each type of
revision formatting along with other formatting conventions.

Revision Bars

Where major substantive modifications to a 2005 provision were made, a revision bar (line) is shown in
margin adjacent to revised text. The revision bar is located in the left margin for text in the left column
and in the right margin for text in a right column. An example of this revision bar is shown to the left.

Deletion Arrows
Where substantive requirements from the 2005 provisions have been deleted and not replaced or moved, a
deletion arrow, as shown to the left, is located in the margin where that requirement formerly appeared.

Movement Boxes

Where large portions of text, or very specific requirements, have been moved from one place in the 2005
provisions to a new spot in the 2008 provisions, a small box has been inserted in the margin to indicate
where the 2005 provisions were moved. The number in the box is the new section or new article where
the requirements now appear. As an example, the movement box to the left indicates that requirements
have been moved to section 0.0.0. In a few cases, the new section reference is so long that it would not
appear in the box within the space provided. As such, the major section is shown to aide the user in
finding the approximate location of the text.

Other Formatting Conventions

The user is again reminded that these revision designations above only highlight significant revisions that
have occurred between the 2005 and the 2008 editions of these standards. These revision designations are
intended to facilitate the use of these standards and should not be relied upon as the sole means of
reviewing and understanding the entire context and impact of changes introduced into the 2008 edition.

To also aide users of these standards, “bleed tabs” have been added to the outside edges of most pages so
that the user will quickly be able to determine which portion (Code, Specification, Code Commentary,
Specification Commentary, or Index) they are reviewing.

Also be advised that a number of pages are intentionally left blank in the standards and commentaries so
that the beginning of each Chapter starts on a right hand page.
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This Code covers the design and construction of masonry
structures. It is written in such form that it may be adopted by reference
in a legally adopted building code.

Among the subjects covered are: definitions; contract documents;
quality assurance; materials; placement of embedded items; analysis and
design, strength and serviceability; flexural and axial loads; shear,
details and development of reinforcement; walls; columns; pilasters;
beams and lintels; seismic design requirements; glass unit masonry, and
veneers. An empirical design method applicable to buildings meeting
specific location and construction criteria are also included.

The quality, inspection, testing, and placement of materials used in
construction are covered by reference to TMS 602-08/ACI 530.1-
08/ASCE 6-08 Specification for Masonry Structures and other standards.

Keywords: AAC, masonry, allowable stress design, anchors (fasteners);
anchorage (structural); autoclaved aerated concrete masonry, beams;
building codes; cements; clay brick; clay tile; columns; compressive
strength; concrete block; concrete brick; construction; detailing; empirical
design; flexural strength; glass units; grout; grouting; joints; loads
(forces); masonry; masonry cements; masonry load bearing walls;
masonry mortars; masonry walls; modulus of elasticity; mortars; pilasters;
prestressed masonry, quality assurance; reinforced masonry; reinforcing
steel; seismic requirements; shear strength; specifications; splicing;
stresses; strength design, structural analysis; structural design; ties;
unreinforced masonry; veneers; walls.

! Main Committee Members participate in Subcommittee and Main Committee activities, including correspondence and voting.
? Subcommittee Members participate in Committee activities, vote on Subcommittee Ballots, and can comment on Main Committee ballots.

? Associate and Consulting Members participate in Committee activities.
+Deceased.

Adopted as a standard of the American Concrete Institute (December 21, 2007), the Structural Engineering Institute of the American Society of Civil
Engineers January 28, 2008, and The Masonry Society (January 18, 2008) to supersede the 2005 edition in accordance with each organization's
standardization procedures. The standard was originally adopted by the American Concrete Institute in November, 1988, the American Society of Civil

Engineers in August, 1989, and The Masonry Society in July, 1992.

SI equivalents shown in this document are calculated conversions. Equations are based on U.S. Customary (inch-pound) Units; SI equivalents for

equations are listed at the end of the Code.
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CHAPTER 1
GENERAL DESIGN REQUIREMENTS FOR MASONRY

1.1 — Scope

1.1.1  Minimum requirements

This Code provides minimum requirements for the
structural design and construction of masonry elements
consisting of masonry units bedded in mortar.

1.1.2  Governing building code

This Code supplements the legally adopted building
code and shall govern in matters pertaining to structural
design and construction of masonry elements, except
where this Code is in conflict with requirements in the
legally adopted building code. In areas without a legally
adopted building code, this Code defines the minimum
acceptable standards of design and construction practice.

1.1.3  Design procedures

Masonry structures and their component members
shall be designed in accordance with the provisions of this
Chapter and one of the following:

(a) Allowable Stress Design of Masonry: Chapter 2.
(b) Strength Design of Masonry: Chapter 3.

(c) Prestressed Masonry: Chapter 4.

(d) Empirical Design of Masonry: Chapter 5.

(e) Veneer: Chapter 6.

(f) Glass Unit Masonry: Chapter 7.

(g) Strength Design of Autoclaved Aerated Concrete
(AAC) Masonry: Appendix A.

1.1.4  SI equivalents

SI values shown in parentheses are not part of this
Code. The equations in this document are for use with the
specified inch-pound units only. The equivalent equations
for use with SI units are provided in Conversion of Units
on Page C-73.

1.2 — Contract documents and calculations

1.2.1  Project drawings and project specifications
for masonry structures shall identify the individual
responsible for their preparation.

1.2.2  Show all Code-required drawing items on the
project drawings, including:

(a) Name and date of issue of code and supplement to
which the design conforms.
(b) Loads used in the design of masonry.

(c) Specified compressive strength of masonry at stated ages
or stages of construction for which masonry is designed,
except where specifically exempted by Code provisions.

(d) Size and location of structural elements.

(e) Details of anchorage of masonry to structural
members, frames, and other construction, including
the type, size, and location of connectors.

(f) Details of reinforcement, including the size, grade,
type, and location of reinforcement.

(g) Reinforcing bars to be welded and welding requirements.

(h) Provision for dimensional changes resulting from
elastic deformation, creep, shrinkage, temperature,
and moisture.

(1) Size and location of conduits, pipes, and sleeves.

1.2.3 The contract documents shall be consistent
with design assumptions.

1.2.4  Contract documents shall specify the
minimum level of quality assurance as defined in Section
1.18, or shall include an itemized quality assurance program
that equals or exceeds the requirements of Section 1.18.

1.3 — Approval of special systems of design or
construction

Sponsors of any system of design or construction
within the scope of this Code, the adequacy of which has
been shown by successful use or by analysis or test, but
that 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 a board of examiners appointed by the
building official. The board shall be composed of licensed
design professionals and shall have authority to investigate
the data so submitted, require tests, and formulate rules
governing design and construction of such systems to meet
the intent of this Code. The rules, when approved and
promulgated by the building official, shall be of the same
force and effect as the provisions of this Code.

1.4 — Standards cited in this Code

Standards of the American Concrete Institute, the
American Society of Civil Engineers, ASTM International,
the American Welding Society, and The Masonry Society
cited in this Code are listed below with their serial
designations, including year of adoption or revision, and
are declared to be part of this Code as if fully set forth in
this document.

TMS 602-08/ACI 530.1-08/ ASCE 6-08 — Specification
for Masonry Structures

ASCE 7-05 — Minimum Design Loads for Buildings and
Other Structures
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ASTM A416/A416M-05 — Specification for Steel Strand,
Uncoated Seven-Wire for Prestressed Concrete

ASTM A421/A421M-05 — Specification for Uncoated
Stress-Relieved Steel Wire for Prestressed Concrete

ASTM A722/A722M-00 (2005) — Specification for Uncoated
High-Strength Steel Bar for Prestressing Concrete

ASTM C34-05 — Specification for Structural Clay Load-
bearing Wall Tile

ASTM (C426-05 — Test Method for Linear Drying
Shrinkage of Concrete Masonry Units

ASTM C476-02 — Specification for Grout for Masonry

ASTM (C482-02 — Test Method for Bond Strength of
Ceramic Tile to Portland Cement

ASTM C1006-84(2001) Test Method for Splitting Tensile
Strength of Masonry Units

ASTM C1386-98 Specification for Precast Autoclaved
Aerated Concrete (PAAC) Wall Construction Units

ASTM Cl1611/C1611M-05 Standard Test Method for
Slump Flow of Self-Consolidating Concrete

ASTM E111-04 — Test Method for Young's Modulus,
Tangent Modulus, and Chord Modulus

ASTM E488-96 (2003) — Test Methods for Strength of
Anchors in Concrete and Masonry Elements

AWS D 1.4-05 Structural Welding Code — Reinforcing Steel

1.5 — Notation

Ap = cross-sectional area of an anchor bolt, in.? (mmz)

Ay = bearing area, in.2 (mmz)

A, = gross cross-sectional area of a member, in.? (mm?)

A, = netcross-sectional area of a member, in.> (mm?)

A,, = area of prestressing steel, in.? (mm?)

A, = projected tension area on masonry surface of a
right circular cone, in.? (mm?)

A, = projected shear area on masonry surface of one-
half of a right circular cone, in.” (mm?)

Ay = effective cross-sectional area of reinforcement,
in.2 (mm?)

Ay, = total area of laterally tied longitudinal
reinforcing steel, in.” (mm?®)

A, = cross-sectional area of shear reinforcement, in.2
(mm’)

A; = loaded area, in.” (mm?)

A = supporting bearing area, in.” (mm?)
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depth of an equivalent compression stress block
at nominal strength, in. (mm)

allowable axial load on an anchor bolt, Ib (N)

allowable axial tensile load on an anchor bolt
when governed by masonry breakout, 1b (N)

nominal axial strength of an anchor bolt, Ib (N)

nominal axial tensile strength of an anchor bolt
when governed by masonry breakout, Ib (N)

nominal axial tensile strength of an anchor bolt
when governed by anchor pullout, 1b (N)

nominal axial tensile strength of an anchor bolt
when governed by steel yielding, 1b (N)

allowable axial tensile load on an anchor bolt
when governed by anchor pullout, 1b (N)

allowable axial tensile load on an anchor bolt
when governed by steel yielding, 1b (N)

allowable shear load on an anchor bolt, Ib (N)

allowable shear load on an anchor bolt when
governed by masonry breakout, 1b (N)

allowable shear load on an anchor bolt when
governed by masonry crushing, 1b (N)

nominal shear strength of an anchor bolt, 1b (N)

nominal shear strength of an anchor bolt when
governed by masonry breakout, Ib (N)

nominal shear strength of an anchor bolt when
governed by masonry crushing, 1b (N)

nominal shear strength of an anchor bolt when
governed by anchor pryout, 1b (N)

nominal shear strength of an anchor bolt when
governed by steel yielding, 1b (N)

= allowable shear load on an anchor bolt when

governed by anchor pryout, 1b (N)

allowable shear load on an anchor bolt when
governed by steel yielding, 1b (N)

width of section, in. (mm)

total applied design axial force on an anchor
bolt, 1b (N)

factored axial force in an anchor bolt, Ib (N)

total applied design shear force on an anchor
bolt, 1b (N)

factored shear force in an anchor bolt, 1b (N)

width of wall beam, in. (mm)
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deflection amplification factor

distance from the fiber of maximum
compressive strain to the neutral axis, in. (mm)

dead load or related internal moments and forces

distance from extreme compression fiber to
centroid of tension reinforcement, in. (mm)

nominal diameter of reinforcement or anchor
bolt, in. (mm)

actual depth of a member in direction of shear
considered, in. (mm)

load effects of earthquake or related internal
moments and forces

modulus of elasticity of AAC masonry in
compression, psi (MPa)

modulus of elasticity
compression, psi (MPa)

of masonry in

modulus of elasticity of steel, psi (MPa)

modulus of rigidity (shear modulus) of masonry,
psi (MPa)

eccentricity of axial load, in. (mm)

projected leg extension of bent-bar anchor,
measured from inside edge of anchor at bend to
farthest point of anchor in the plane of the hook,
in. (mm)

eccentricity of P, in. (mm)

lateral pressure of liquids or related internal
moments and forces

allowable compressive stress available to resist
axial load only, psi (MPa)

allowable compressive stress available to resist
flexure only, psi (MPa)

allowable tensile or compressive stress in

reinforcement, psi (MPa)
allowable shear stress in masonry, psi (MPa)

calculated compressive stress in masonry due to
axial load only, psi (MPa)

calculated compressive stress in masonry due to
flexure only, psi (MPa)

specified compressive of AAC

masonry, psi (MPa)

strength

specified compressive strength of grout, psi (MPa)
specified compressive strength of masonry, psi (MPa)

specified compressive strength of masonry at the
time of prestress transfer, psi (MPa)

s
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stress in prestressing tendon at nominal strength,
psi (MPa)

specified tensile strength of prestressing tendon,
psi (MPa)

specified yield strength of prestressing tendon,
psi (MPa)

modulus of rupture, psi (MPa)
modulus of rupture of AAC, psi (MPa)

calculated tensile or compressive stress in
reinforcement, psi (MPa)

effective stress in prestressing tendon after all
prestress losses have occurred, psi (MPa)

splitting tensile strength of AAC as determined
in accordance with ASTM C1006, psi (MPa)

calculated shear stress in masonry, psi (MPa)

specified yield strength of steel for

reinforcement and anchors, psi (MPa)

lateral pressure of soil or related internal
moments and forces

effective height of column, wall, or pilaster, in. (mm)

height of entire wall or of the segment of wall
considered, in. (mm)

moment of inertia of cracked cross-sectional
area of a member, in.* (mm*)

effective moment of inertia, in.* (mm®*)

moment of inertia of gross cross-sectional area
of a member, in.* (mm*)

moment of inertia of net cross-sectional area of a
member , in.* (mm®*)

ratio of distance between centroid of flexural
compressive forces and centroid of tensile forces
to depth, d

Dimension used to calculate reinforcement
development, in. (mm)

Dimension used to calculate reinforcement
development for AAC masonry, in. (mm)

coefficient of creep of masonry, per psi (MPa)

coefficient of irreversible moisture expansion of
clay masonry

coefficient of shrinkage of concrete masonry

coefficient of thermal expansion of masonry per
degree Fahrenheit (degree Celsius)

live load or related internal moments and forces

clear span between supports, in. (mm)
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effective embedment length of headed or bent
anchor bolts, in. (mm)

anchor bolt edge distance, in. (mm)

development length or lap length of straight
reinforcement, in. (mm)

equivalent embedment length provided by
standard hooks measured from the start of the
hook (point of tangency), in. (mm)

clear span of the prestressed member in the
direction of the prestressing tendon, in. (mm)

length of entire wall or of the segment of wall
considered in direction of shear force, in. (mm)

maximum moment at the section under

consideration, in.-1b (N-mm)

maximum moment in member due to the
applied loading for which deflection is
computed, in.-1b (N-mm)

factored moment magnified for the effects of
member curvature, in.-1b (N-mm)

nominal cracking moment strength, in.-lb (N-mm)
nominal moment strength, in.-1b (N-mm)

service moment at midheight of a member,
including P-delta effects, in.-1b (N-mm)

factored moment, in.-1b (N-mm)
modular ratio, E/FE,,

factored compressive force acting normal to shear
surface that is associated with the ¥, loading
combination case under consideration, 1b (N)

compressive force acting normal to shear

surface, 1b (N)
axial load, 1b (N)

allowable axial compressive force in a

reinforced member, 1b (N)
Euler buckling load, 1b (N)
nominal axial strength, 1b (N)

prestressing tendon force at time and location
relevant for design, Ib (N)

factored axial load, 1b (N)

factored load from tributary floor or roof areas,

Ib (N)

factored weight of wall area tributary to wall
section under consideration, 1b (N)

Q =

WT =

Wstrut
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first moment about the neutral axis of an area
between the extreme fiber and the plane at which
the shear stress is being calculated, in.” (mm’)

the effect of horizontal seismic (earthquake-
induced) forces

response modification coefficient
radius of gyration, in. (mm)

section modulus of the net cross-sectional area
of a member, in.* (mm®)

spacing of reinforcement, in. (mm)

total linear drying shrinkage of concrete masonry
units determined in accordance with ASTM C426

forces and moments caused by restraint of
temperature, shrinkage, and creep strains or
differential movements

nominal thickness of member, in. (mm)
shear stress, psi (MPa)
shear force, Ib (N)

nominal shear strength provided by AAC masonry,
Ib (N)

nominal shear strength, 1b (N)
nominal shear strength provided by masonry, Ib (N)

nominal shear strength provided by shear
reinforcement, 1b (N)

factored shear force, Ib (N)
wind load or related internal moments and forces

dimension of the structural wall strip defined in
Section 5.5.1 and shown in Figure 5.5.1-1.

dimension of the tributary length of wall,
defined in Section 5.5.1 and shown in Figure
5.5.1-1.

= horizontal projection of the width of the

diagonal strut, in. (mm)

out-of-plane factored uniformly distributed load,
1b/in. (N/mm)

0.25 for fully grouted masonry or 0.15 for other
than fully grouted masonry

ratio of area of reinforcement cut off to total area
of tension reinforcement at a section

reinforcement size factor
calculated story drift, in. (mm)
allowable story drift, in. (mm)

moment magnification factor
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0. = displacements computed using code-prescribed
seismic forces and assuming elastic behavior,
in. (mm)

Oy = horizontal deflection at midheight under service

loads, in. (mm)

Joy = deflection due to factored loads, in. (mm)

&s = drying shrinkage of AAC

&w = maximum usable compressive strain of masonry
tasc = coefficient of friction of AAC

@ = strength-reduction factor

Yol = reinforcement ratio

Pmar = maximum flexural tension reinforcement ratio

1.6 — Definitions

Anchor — Metal rod, wire, or strap that secures masonry
to its structural support.

AAC masonry — Masonry made of autoclaved aerated
concrete (AAC) units, manufactured without internal
reinforcement, and bonded together using thin- or thick-
bed mortar.

Anchor pullout — Anchor failure defined by the anchor
sliding out of the material in which it is embedded without
breaking out a substantial portion of the surrounding material.

Area, gross cross-sectional — The area delineated by
the out-to-out dimensions of masonry in the plane
under consideration.

Area, net cross-sectional — The area of masonry units,
grout, and mortar crossed by the plane under consideration
based on out-to-out dimensions.

Autoclaved  aerated  concrete —  Low-density
cementitious product of calcium silicate hydrates, whose
material specifications are defined in ASTM C1386.

Backing — Wall or surface to which veneer is attached.

Bed joint — The horizontal layer of mortar on which a
masonry unit is laid.

Bonded prestressing tendon — Prestressing tendon that is
encapsulated by prestressing grout in a corrugated duct that is
bonded to the surrounding masonry through grouting.

Building official — The officer or other designated
authority charged with the administration and
enforcement of this Code, or the building official's duly
authorized representative.

Cavity wall — A multiwythe non-composite masonry
wall with a continuous air space within the wall (with or
without insulation), which is tied together with metal ties.

Collar joint — Vertical longitudinal space between wythes of
masonry or between masonry wythe and back-up construction,
which is permitted to be filled with mortar or grout.

Column — An isolated vertical member whose
horizontal dimension measured at right angles to its
thickness does not exceed 3 times its thickness and whose
height is greater than 4 times its thickness.

Composite action — Transfer of stress between
components of a member designed so that in resisting loads,
the combined components act together as a single member.

Composite masonry — Multicomponent
members acting with composite action.

masonry

Compressive strength of masonry — Maximum compressive
force resisted per unit of net cross-sectional area of masonry,
determined by testing masonry prisms or a function of
individual masonry units, mortar, and grout, in accordance with
the provisions of TMS 602/ACI 530.1/ASCE 6.

Connector — A mechanical device for securing two or
more pieces, parts, or members together, including
anchors, wall ties, and fasteners.

Contract documents — Documents establishing the
required work, and including in particular, the project
drawings and project specifications.

Corbel — A projection of successive courses from the
face of masonry.

Depth — The dimension of a member measured in the
plane of a cross section perpendicular to the neutral axis.

Design story drift — The difference of deflections at the
top and bottom of the story under consideration, calculated
by multiplying the deflections determined from an elastic
analysis by the appropriate deflection amplification factor,
C,, from ASCE 7.

Design strength — The nominal strength of an element
multiplied by the appropriate strength-reduction factor.

Diaphragm — A roof or floor system designed to
transmit lateral forces to shear walls or other lateral load-
resisting elements.

Dimension, nominal — The specified dimension plus an
allowance for the joints with which the units are to be laid.
Nominal dimensions are usually stated in whole numbers.
Thickness is given first, followed by height and then length.

Dimensions, specified — Dimensions specified for the
manufacture or construction of a unit, joint, or element.

Effective height — Clear height of a braced member
between lateral supports and used for calculating the
slenderness ratio of a member. Effective height for
unbraced members shall be calculated.

Effective prestress — Stress remaining in prestressing
tendons after all losses have occurred.
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Foundation pier — An isolated vertical foundation member
whose horizontal dimension measured at right angles to its
thickness does not exceed 3 times its thickness and whose
height is equal to or less than 4 times its thickness.

Glass unit masonry — Masonry composed of glass units
bonded by mortar.

Grout — (1) A plastic mixture of cementitious materials,
aggregates, and water, with or without admixtures, initially
produced to pouring consistency without segregation of
the constituents during placement. (2) The hardened
equivalent of such mixtures.

Grout, self-consolidating — A highly fluid and stable
grout typically with admixtures, that remains
homogeneous when placed and does not require
puddling or vibration for consolidation.

Head joint — Vertical mortar joint placed between
masonry units within the wythe at the time the masonry
units are laid.

Header (bonder) — A masonry unit that connects two or
more adjacent wythes of masonry.

Inspection, continuous — The Inspection Agency’s full-
time observation of work by being present in the area
where the work is being performed.

Inspection, periodic — The Inspection Agency’s part-time
or intermittent observation of work during construction by
being present in the area where the work has been or is being
performed, and observation upon completion of the work.

Laterally restrained prestressing tendon — Prestressing
tendon that is not free to move laterally within the cross
section of the member.

Laterally  unrestrained  prestressing  tendon —
Prestressing tendon that is free to move laterally within the
cross section of the member.

Licensed design professional — An individual who is
licensed to practice design as defined by the statutory
requirements of the professional licensing laws of the state or
jurisdiction in which the project is to be constructed and who
is in responsible charge of the design; in other documents,
also referred to as registered design professional.

Load, dead — Dead weight supported by a member, as
defined by the legally adopted building code.

Load, live — Live load specified by the legally adopted
building code.

Load, service — Load specified by the legally adopted
building code.

Longitudinal reinforcement — Reinforcement placed
parallel to the axis of the member.

Masonry breakout — Anchor failure defined by the
separation of a volume of masonry, approximately conical

in shape, from the member.

Modulus of elasticity — Ratio of normal stress to corres-
ponding strain for tensile or compressive stresses below
proportional limit of material.

Modulus of rigidity — Ratio of unit shear stress to unit
shear strain for unit shear stress below the proportional
limit of the material.

Nominal strength — The strength of an element or cross
section calculated in accordance with the requirements and
assumptions of the strength design methods of these
provisions before application of strength-reduction factors.

Pier — An isolated vertical member whose horizontal
dimension measured at right angles to its thickness is not
less than 3 times its thickness nor greater than 6 times its
thickness and whose height is less than 5 times its length.

Post-tensioning — Method of prestressing in which a
prestressing tendon is tensioned after the masonry has
been placed.

Prestressed masonry — Masonry in which internal
stresses have been introduced to counteract stresses
resulting from applied loads.

Pretensioning — Method of prestressing in which a
prestressing tendon is tensioned before the transfer of
stress into the masonry.

Prestressing grout — A cementitious mixture used to
encapsulate bonded prestressing tendons.

Prestressing tendon — Steel elements such as wire, bar,
or strand, used to impart prestress to masonry.

Project drawings — The drawings that, along with the
project specifications, complete the descriptive information
for constructing the work required by the contract documents.

Project specifications — The written documents that
specify requirements for a project in accordance with the
service parameters and other specific criteria established
by the owner or the owner’s agent.

Quality assurance — The administrative and procedural
requirements established by the contract documents to
assure that constructed masonry is in compliance with the
contract documents.

Reinforcement — Nonprestressed steel reinforcement.

Running bond — The placement of masonry units so that
head joints in successive courses are horizontally offset at
least one-quarter the unit length.

Required strength — The strength needed to resist
factored loads.

Shear wall — A wall, bearing or nonbearing, designed to
resist lateral forces acting in the plane of the wall
(sometimes referred to as a vertical diaphragm).
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Shear wall, detailed plain (unreinforced) AAC masonry —
An AAC masonry shear wall designed to resist lateral
forces while neglecting stresses in reinforcement, although
provided with minimum reinforcement and connections.

Shear wall, detailed plain (unreinforced) masonry — A
masonry shear wall designed to resist lateral forces while
neglecting stresses in reinforcement, although provided
with minimum reinforcement and connections.

Shear wall, intermediate reinforced masonry — A masonry
shear wall designed to resist lateral forces while considering
stresses in reinforcement and to satisfy specific minimum
reinforcement and connection requirements.

Shear wall, intermediate reinforced prestressed masonry
— A prestressed masonry shear wall designed to resist
lateral forces while considering stresses in reinforcement
and to satisfy specific minimum reinforcement and
connection requirements.

Shear wall, ordinary plain (unreinforced) AAC
masonry — An AAC masonry shear wall designed to
resist lateral forces while neglecting stresses in
reinforcement, if present.

Shear wall, ordinary plain (unreinforced) masonry — A
masonry shear wall designed to resist lateral forces while
neglecting stresses in reinforcement, if present.

Shear wall, ordinary plain (unreinforced) prestressed
masonry — A prestressed masonry shear wall designed to
resist lateral forces while neglecting stresses in
reinforcement, if present.

Shear wall, ordinary reinforced AAC masonry — An
AAC masonry shear wall designed to resist lateral forces
while considering stresses in reinforcement and satisfying
prescriptive reinforcement and connection requirements.

Shear wall, ordinary reinforced masonry — A masonry

shear wall designed to resist lateral forces while
considering stresses in reinforcement and satisfying
prescriptive reinforcement and connection requirements.

Shear wall, special reinforced masonry — A masonry
shear wall designed to resist lateral forces while
considering stresses in reinforcement and to satisfy special
reinforcement and connection requirements.

Shear wall, special reinforced prestressed masonry — A
prestressed masonry shear wall designed to resist lateral
forces while considering stresses in reinforcement and to
satisfy special reinforcement and connection requirements.

Slump flow — The circular spread of plastic self-
consolidating grout, which is evaluated in accordance
ASTM C1611/C1611M.

Special boundary elements — In walls that are designed
to resist in-plane load, end regions that are strengthened by
reinforcement and are detailed to meet specific
requirements, and may or may not be thicker than the wall.

Specified compressive strength of AAC masonry, f'14c —
Minimum compressive strength, expressed as force per unit
of net cross-sectional area, required of the AAC masonry
used in construction by the contract documents, and upon
which the project design is based. Whenever the quantity
f Z14c 1s under the radical sign, the square root of numerical
value only is intended and the result has units of psi (MPa).

Specified compressive strength of masonry, f ', —
Minimum compressive strength, expressed as force per unit
of net cross-sectional area, required of the masonry used in
construction by the contract documents, and upon which the
project design is based. Whenever the quantity f 7, is under
the radical sign, the square root of numerical value only is
intended and the result has units of psi (MPa).

Stack bond — For the purpose of this Code, stack bond
is other than running bond. Usually the placement of units
is so that the head joints in successive courses are
vertically aligned.

Stirrup — Reinforcement used to resist shear in a
flexural member.

Stone masonry — Masonry composed of field, quarried,
or cast stone units bonded by mortar.

Stone masonry, ashlar — Stone masonry composed of
rectangular units having sawed, dressed, or squared bed
surfaces and bonded by mortar.

Stone masonry, rubble — Stone masonry composed of
irregular-shaped units bonded by mortar.

Strength-reduction factor, ¢ — The factor by which the
nominal strength is multiplied to obtain the design strength.

Tendon anchorage — In post-tensioning, a device used to
anchor the prestressing tendon to the masonry or concrete
member; in pretensioning, a device used to anchor the
prestressing tendon during hardening of masonry mortar,
grout, prestressing grout, or concrete.

Tendon coupler — A device for connecting two tendon
ends, thereby transferring the prestressing force from end
to end.

Tendon jacking force — Temporary force exerted by a
device that introduces tension into prestressing tendons.

Thin-bed mortar — Mortar for use in construction of AAC
unit masonry whose joints are 0.06 in. (1.5 mm) or less.

Tie, lateral — Loop of reinforcing bar or wire enclosing
longitudinal reinforcement.

Tie, wall — Metal connector that connects wythes of
masonry walls together.

Transfer — Act of applying to the masonry member the
force in the prestressing tendons.

Transverse reinforcement — Reinforcement placed
perpendicular to the axis of the member.
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Unbonded prestressing tendon — Prestressing tendon
that is not bonded to masonry.

Unreinforced (plain) masonry — Masonry in which the
tensile resistance of masonry is taken into consideration and
the resistance of the reinforcing steel, if present, is neglected.

Veneer, adhered — Masonry veneer secured to and
supported by the backing through adhesion.

Veneer, anchored — Masonry veneer secured to and
supported laterally by the backing through anchors and
supported vertically by the foundation or other
structural elements.

Veneer, masonry — A masonry wythe that provides the
exterior finish of a wall system and transfers out-of-plane
load directly to a backing, but is not considered to add load
resisting capacity to the wall system.

Visual stability index (VSI) — An index, defined in
ASTM C1611/C1611M, that qualitatively indicates the
stability of self-consolidating grout

Wall — A vertical element with a horizontal length to
thickness ratio greater than 3, used to enclose space.

Wall, loadbearing — Wall supporting vertical loads greater
than 200 Ib/lineal ft (2919 N/m) in addition to its own weight.

Wall, masonry bonded hollow — A multiwythe wall built
with masonry units arranged to provide an air space
between the wythes and with the wythes bonded together
with masonry units.

Width — The dimension of a member measured in the
plane of a cross section parallel to the neutral axis.

Wythe — Each continuous vertical section of a wall, one
masonry unit in thickness.

1.7 — Loading

1.7.1  General

Masonry shall be designed to resist applicable loads.
A continuous load path or paths, with adequate strength
and stiffness, shall be provided to transfer forces from the
point of application to the final point of resistance.

1.7.2  Load provisions

Design loads shall be in accordance with the legally
adopted building code of which this Code forms a part, with
such live load reductions as are permitted in the legally
adopted building code. In the absence of design loads in the
legally adopted building code, the load provisions of
ASCE 7 shall be used, except as noted in this Code.

1.7.3  Lateral load resistance

Buildings shall be provided with a structural system
designed to resist wind and earthquake loads and to
accommodate the effect of the resulting deformations.

1.7.4  Load transfer at horizontal connections
1.7.4.1 Walls, columns, and pilasters shall be
designed to resist loads, moments, and shears applied at
intersections with horizontal members.

1.7.4.2 Effect of lateral deflection and translation
of members providing lateral support shall be considered.

1.7.4.3 Devices used for transferring lateral
support from members that intersect walls, columns, or
pilasters shall be designed to resist the forces involved.

1.7.5  Other effects

Consideration shall be given to effects of forces and
deformations due to prestressing, vibrations, impact,
shrinkage, expansion, temperature changes, creep, unequal
settlement of supports, and differential movement.

1.7.6  Lateral load distribution

Lateral loads shall be distributed to the structural
system in accordance with member stiffnesses and shall
comply with the requirements of this section.

1.7.6.1 Flanges of intersecting walls designed in
accordance with Section 1.9.4.2 shall be included in
stiffness determination.

1.7.6.2 Distribution of load shall be consistent
with the forces resisted by foundations.

1.7.6.3 Distribution of load shall include the
effect of horizontal torsion of the structure due to
eccentricity of wind or seismic loads resulting from the
non-uniform distribution of mass.

1.8 — Material properties

1.8.1  General

Unless otherwise determined by test, the following
moduli and coefficients shall be used in determining the
effects of elasticity, temperature, moisture expansion,
shrinkage, and creep.

1.8.2  Elastic moduli
1.8.2.1 Steel reinforcement — Modulus of
elasticity of steel reinforcement shall be taken as:

E;=29,000,000 psi (200,000 MPa)
1.8.2.2 Clay and concrete masonry

1.8.2.2.1 The design of clay and concrete
masonry shall be based on the following modulus of
elasticity values:

E, =700 f", for clay masonry;

E,, =900 f", for concrete masonry;
or the chord modulus of elasticity taken between 0.05 and
0.33 of the maximum compressive strength of each prism
determined by test in accordance with the prism test

method, Article 1.4 B.3 of TMS 602/ACI 530.1/ASCE 6,
and ASTM E111.
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1.8.2.2.2 Modulus of rigidity of clay
masonry and concrete masonry shall be taken as:

E,=04E,
1.8.2.3 AAC masonry

1.8.2.3.1 Modulus of elasticity of AAC
masonry shall be taken as:

E140= 6500 (f"14c)"°

1.8.2.3.2Modulus of rigidity
masonry shall be taken as:

EV: 04 EAAC

of AAC

1.8.2.4 Grout — Modulus of elasticity of grout
shall be taken as 500 /.

1.8.3  Coefficients of thermal expansion
1.8.3.1 Clay masonry
k,=4x 10 in./in./°F (7.2 x 10°® mm/mm/°C)

1.8.3.2 Concrete masonry
k,=4.5x 10 in./in./ °F (8.1 x 10 mm/mm/°C)

1.8.3.3 AAC masonry
k,=4.5x 10 in./in./ °F (8.1 x 10"® mm/mm/°C)

1.8.4  Coefficient of moisture expansion for clay masonry
k.=3x 10" in/in. (3 x 10™* mm/mm)

1.8.5  Coefficients of shrinkage
1.8.5.1 Concrete masonry
km =0.5 S

1.8.5.2 AAC masonry
k, = 0.8 &,/100

where &, is determined in accordance with
ASTM C1386.

1.8.6  Coefficients of creep
1.8.6.1 Clay masonry
k.=0.7x 107, per psi (0.1 x 10, per MPa)

1.8.6.2 Concrete masonry
k.=2.5x 107, per psi (0.36 x 10, per MPa)

1.8.6.3 AAC masonry
k.=5.0x 107, per psi (0.72 x 10, per MPa)

1.8.7  Prestressing steel

Modulus of elasticity shall be determined by tests. For
prestressing steels not specifically listed in ASTM
A416/A416M, A421/A421M, or A722/A722M, tensile
strength and relaxation losses shall be determined by tests.

1.9 — Section properties

1.9.1  Stress computations
1.9.1.1 Members shall be designed using section
properties based on the minimum net cross-sectional area

of the member under consideration. Section properties
shall be based on specified dimensions.

1.9.1.2 In members designed for composite
action, stresses shall be computed using section properties
based on the minimum transformed net cross-sectional
area of the composite member. The transformed area
concept for elastic analysis, in which areas of dissimilar
materials are transformed in accordance with relative
elastic moduli ratios, shall apply.

1.9.2  Stiffness

Computation of stiffness based on uncracked section is
permissible. Use of the average net cross-sectional area of the
member considered in stiffness computations is permitted.

1.9.3  Radius of gyration
Radius of gyration shall be computed using average
net cross-sectional area of the member considered.

1.9.4  Intersecting walls
1.9.4.1 Wall intersections shall meet one of the
following requirements:

(2) Design shall conform to the provisions of Section 1.9.4.2.
(b) Transfer of shear between walls shall be prevented.

1.9.4.2 Design of wall intersection
1.9.4.2.1 Masonry shall be in running bond.

1.9.4.2.2 Flanges shall be
effective in resisting applied loads.

1.9.4.2.3 The width of flange considered
effective on each side of the web shall be the smaller
of the actual flange on either side of the web wall or
the following:

considered

(a) 6 multiplied by the nominal flange thickness, when
the flange is in compression

(b) 6 multiplied by the nominal flange thickness for
unreinforced masonry, when the flange is in flexural
tension

(c) 0.75 multiplied by the floor-to-floor wall height for
reinforced masonry, when the flange is in flexural
tension.

The effective flange width shall not extend past a
movement joint.

1.9.4.2.4 Design for shear, including the
transfer of shear at interfaces, shall conform to the
requirements of Section 2.2.5; or Section 2.3.5; or Sections
3.1.3 and 3.3.4.1.2; or Sections 3.1.3 and 3.2.4; or Section
4.6; or Section A.1.3 and A.3.4.1.2.

1.9.4.2.5 The connection of intersecting walls
shall conform to one of the following requirements:

(a) At least fifty percent of the masonry units at the
interface shall interlock.
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(b) Walls shall be anchored by steel connectors grouted
into the wall and meeting the following requirements:

(1) Minimum size: '/, in. x 1'/, in. x 28 in. (6.4 mm
x 381 mm x 711 mm) including 2-in.
(50.8-mm) long, 90-degree bend at each end to
form a U or Z shape.

(2) Maximum spacing: 48 in. (1219 mm).

(c) Intersecting reinforced bond beams shall be provided
at a maximum spacing of 48 in. (1219 mm) on
center. The area of reinforcement in each bond beam
shall not be less than 0.1 in.® per ft (211 mm*/m)
multiplied by the vertical spacing of the bond beams
in feet (meters). Reinforcement shall be developed
on each side of the intersection.

1.9.5  Bearing area
The bearing area, 4,,, for concentrated loads shall not
exceed the following:

(a) A4,/ A4,
(b) 24,

The area, 4, is the area of the lower base of the
largest frustum of a right pyramid or cone that has the
loaded area, 4, as its upper base, slopes at 45 degrees
from the horizontal, and is wholly contained within the
support. For walls in other than running bond, area A4,
shall terminate at head joints.

1.9.6  Effective compressive width per bar
1.9.6.1 For running bond masonry, and masonry
in other than running bond with bond beams spaced not
more than 48 in. (1219 mm) center-to-center, the width of
the compression area used to calculate element capacity
shall not exceed the least of:

(a) Center-to-center bar spacing.
(b) Six multiplied by the nominal wall thickness.
(¢) 72 in. (1829 mm).

1.9.6.2 For masonry in other than running bond,
with bond beams spaced more than 48 in. (1219 mm)
center-to-center, the width of the compression area used to
calculate element capacity shall not exceed the length of
the masonry unit.

1.9.7 Concentrated loads
1.9.7.1 Concentrated loads shall not be distributed
over a length greater than the minimum of the following:

(a) the length of bearing area plus the length determined
by considering the concentrated load to be dispersed
along a 2 vertical: 1 horizontal line. The dispersion
shall terminate at half the wall height, a movement
joint, the end of the wall, or an opening, whichever
provides the smallest length.

(b) The center-to-center distance between concentrated loads.

1.9.7.2 For walls laid in other than running bond,
concentrated loads shall not be distributed across head joints.
Where concentrated loads acting on such walls are applied to
a bond beam, the concentrated load is permitted to be
distributed through the bond beam, but shall not be
distributed across head joints below the bond beams.

1.10 — Connection to structural frames

Masonry walls shall not be connected to structural
frames unless the connections and walls are designed to
resist design interconnecting forces and to accommodate
calculated deflections.

1.11 — Stack bond masonry

For masonry in other than running bond, the minimum
area of horizontal reinforcement shall be 0.00028
multiplied by the gross vertical cross-sectional area of the
wall using specified dimensions. Horizontal reinforcement
shall be placed at a maximum spacing of 48 in. (1219 mm)
on center in horizontal mortar joints or in bond beams.

1.12 — Corbels

1.12.1 Loadbearing corbels
Loadbearing corbels shall be designed in accordance
with Chapter 2, 3 or 4.

1.12.2  Non-loadbearing corbels
Non-loadbearing corbels shall be designed in
accordance with Chapters 2, 3 or 4 or detailed as follows:

(a) Solid masonry units or hollow units filled with mortar
or grout shall be used.

(b) The maximum projection beyond the face of the wall
shall not exceed:

(1) one-half the wall thickness for multiwythe walls
bonded by mortar or grout and wall ties or
masonry headers, or

(2) one-half the wythe thickness for single wythe
walls, masonry bonded hollow walls, multiwythe
walls with open collar joints, and veneer walls.

(¢) The maximum projection of one unit shall not exceed:
(1) one-half the nominal unit height.

(2) one-third the nominal thickness of the unit or
wythe.

(d) The back surface of the corbelled section shall remain
within 1 in. (25.4 mm) of plane.
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1.13 — Beams

Design of beams shall meet the requirements of Section
1.13 and Section 2.3.3.3,3.3.4.2, or A.3.4.2.

1.13.1 Span length
Span lengths shall be in accordance with the following:

1.13.1.1 Span length of members not built
integrally with supports shall be taken as the clear span
plus depth of member, but need not exceed the distance
between centers of supports.

1.13.1.2 For determination of moments in
members that are continuous over supports, span length
shall be taken as the distance between centers of supports.

1.13.2 Lateral support

The compression face of beams shall be laterally
supported at a maximum spacing of 32 multiplied by the
beam thickness.

1.13.3  Deflections

Masonry beams and lintels shall be designed to have
adequate stiffness to limit deflections that adversely affect
strength or serviceability.

1.13.3.1 The computed deflection of beams and
lintels providing vertical support to masonry designed in
accordance with Section 2.2, Section 3.2, Chapter 5, or
Section A.2, shall not exceed /600 under unfactored dead
plus live loads.

1.13.3.2 Deflection of masonry beams and lintels
shall be computed using the appropriate load-deflection
relationship considering the actual end conditions. Unless
stiffness values are obtained by a more comprehensive
analysis, immediate deflections shall be computed with an
effective moment of inertia, /.5, as follows.

3 3
M M
Ly=I,| =< +1,[1-| == |<1, (1-1)
Mll Mﬂ

For continuous members, 7, shall be permitted to be
taken as the average of values obtained from Eq. (1-1) for
the critical positive and negative moment regions.

For members of uniform cross-section, /,; shall be
permitted to be taken as the value obtained from Eq. (1-1)
at midspan for simple spans and at the support for
cantilevers. For masonry designed in accordance with
Chapter 2, the cracking moment, M,,, shall be computed
using the allowable flexural tensile stress taken from Table
2.2.3.2 multiplied by a factor of 2.5. For masonry designed
in accordance with Chapter 3, the cracking moment, M,,,
shall be computed using the value for the modulus of
rupture, f, , taken from Table 3.1.8.2. For masonry
designed in accordance with Appendix A, the cracking
moment, M,,, shall be computed using the value for the
modulus of rupture, f,44c, as given by Section A.1.8.3.

1.13.3.3 Deflections of reinforced masonry beams
and lintels need not be checked when the span length does
not exceed 8 multiplied by the effective depth to the
reinforcement, d, in the masonry beam or lintel.

1.14 — Columns

Design of columns shall meet the requirements of
Section 1.14.1 or Section 1.14.2, and the requirements of
Section 2.1.6, 3.3.4.4, or A.3.4.4.

1.14.1 General column design
1.14.1.1 Dimensional limits — Minimum side
dimension shall be 8 in. (203 mm) nominal.

1.14.1.2 Vertical  reinforcement —  Vertical
reinforcement in columns shall not be less than 0.00254,, nor
exceed 0.044,,. The minimum number of bars shall be four.

1.14.1.3 Lateral ties — Lateral ties shall conform
to the following:

(a) Vertical reinforcement shall be enclosed by lateral ties
at least '/, in. (6.4 mm) in diameter.

(b) Vertical spacing of lateral ties shall not exceed 16
longitudinal bar diameters, 48 lateral tie bar or wire
diameters, or least cross-sectional dimension of the member.

(c) Lateral ties shall be arranged so that every corner and
alternate longitudinal bar shall have lateral support
provided by the corner of a lateral tie with an included
angle of not more than 135 degrees. No bar shall be
farther than 6 in. (152 mm) clear on each side along the
lateral tie from such a laterally supported bar. Lateral ties
shall be placed in either a mortar joint or in grout. Where
longitudinal bars are located around the perimeter of a
circle, a complete circular lateral tie is permitted. Lap
length for circular ties shall be 48 tie diameters.

(d) Lateral ties shall be located vertically not more than
one-half lateral tie spacing above the top of footing or
slab in any story, and shall be spaced not more than
one-half a lateral tie spacing below the lowest horizontal
reinforcement in beam, girder, slab, or drop panel above.

(e) Where beams or brackets frame into a column from four
directions, lateral ties shall be permitted to be terminated
not more than 3 in. (76.2 mm) below the lowest
reinforcement in the shallowest of such beams or brackets.

1.14.2 Lightly loaded columns

Masonry columns used only to support light frame
roofs of carports, porches, sheds or similar structures
assigned to Seismic Design Category A, B, or C, which are
subject to unfactored gravity loads not exceeding 2,000 lbs
(8,900 N) acting within the cross-sectional dimensions of
the column are permitted to be constructed as follows:

(a) Minimum side dimension shall be 8 in. (203 mm)
nominal.
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(b) Height shall not exceed 12 ft (3.66 m).

(c) Cross-sectional area of longitudinal reinforcement
shall not be less than 0.2 in.? (129 mm?®) centered in
the column.

(d) Columns shall be grouted solid.

1.15 — Details of reinforcement and metal accessories

1.15.1 Embedment
Reinforcing bars shall be embedded in grout.

1.15.2  Size of reinforcement
1.15.2.1 The maximum size of reinforcement
used in masonry shall be No. 11 (M #36).

1.15.2.2 The diameter of reinforcement shall not
exceed one-half the least clear dimension of the cell, bond
beam, or collar joint in which it is placed.

1.15.2.3 Longitudinal and cross wires of joint
reinforcement shall have a minimum wire size of W1.1 (MW7)
and a maximum wire size of one-half the joint thickness.

1.15.3 Placement of reinforcement
1.15.3.1 The clear distance between parallel bars
shall not be less than the nominal diameter of the bars, nor
less than 1 in. (25.4 mm).

1.15.3.2 In columns and pilasters, the clear
distance between vertical bars shall not be less than one
and one-half multiplied by the nominal bar diameter, nor
less than 1'/, in. (38.1 mm).

1.15.3.3 The clear distance limitations between
bars required in Sections 1.15.3.1 and 1.15.3.2 shall also
apply to the clear distance between a contact lap splice and
adjacent splices or bars.

1.15.3.4 Groups of parallel reinforcing bars
bundled in contact to act as a unit shall be limited to two
in any one bundle. Individual bars in a bundle cut off
within the span of a member shall terminate at points at
least 40 bar diameters apart.

1.15.3.5 Reinforcement embedded in grout shall
have a thickness of grout between the reinforcement and
masonry units not less than '/4 in. (6.4 mm) for fine grout
or '/, in. (12.7 mm) for coarse grout.

1.15.4  Protection of reinforcement and metal accessories
1.15.4.1 Reinforcing bars shall have a masonry
cover not less than the following:

(a) Masonry face exposed to earth or weather: 2 in.
(50.8 mm) for bars larger than No. 5 (M #16); 1'/, in.
(38.1 mm) for No. 5 (M #16) bars or smaller.

(b) Masonry not exposed to earth or weather: 1'/, in.
(38.1 mm).

1.15.4.2 Longitudinal wires of joint reinforcement
shall be fully embedded in mortar or grout with a minimum
cover of “/g in. (15.9 mm) when exposed to earth or weather
and '/; in. (12.7 mm) when not exposed to earth or weather.
Joint reinforcement shall be stainless steel or protected from
corrosion by hot-dipped galvanized coating or epoxy coating
when used in masonry exposed to earth or weather and in
interior walls exposed to a mean relative humidity exceeding
75 percent. All other joint reinforcement shall be mill
galvanized, hot-dip galvanized, or stainless steel.

1.15.4.3 Wall ties, sheet-metal anchors, steel plates
and bars, and inserts exposed to earth or weather, or exposed to
a mean relative humidity exceeding 75 percent shall be
stainless steel or protected from corrosion by hot-dip
galvanized coating or epoxy coating. Wall ties, anchors, and
inserts shall be mill galvanized, hot-dip galvanized, or stainless
steel for all other cases. Anchor bolts, steel plates, and bars not
exposed to earth, weather, nor exposed to a mean relative
humidity exceeding 75 percent, need not be coated.

1.15.5 Standard hooks
Standard hooks shall consist of the following:

(a) 180-degree bend plus a minimum 4d, extension, but
not less than 2-1/2 in. (64 mm) at free end of bar;

(b) 90-degree bend plus a minimum 12d,, extension at free
end of bar; or

(¢) for stirrup and tie hooks for a No. 5 bar and smaller,
either a 90-degree or 135-degree bend plus a
minimum 6 d, extension, but not less than 2-1/2 in.
(64 mm) at free end of bar.

1.15.6 Minimum bend diameter for reinforcing bars

The diameter of bend measured on the inside of
reinforcing bars, other than for stirrups and ties, shall not
be less than values specified in Table 1.15.6.

Table 1.15.6 — Minimum diameters of bend

Bar size and type Minimum diameter

No. 3 through No. 7
(M #10 through #22)
Grade 40 (Grade 300)

5 bar diameters

No. 3 through No. 8
(M #10 through #25)
Grade 50 or 60 (Grade
350 or 420)

6 bar diameters

No. 9, No. 10, and No. 11
(M #29, #32, and #36)
Grade 50 or 60 (Grade
350 or 420)

8 bar diameters
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1.16 — Anchor bolts

Headed and bent-bar anchor bolts shall conform to the
provisions of Sections 1.16.1 through 1.16.7.

1.16.1 Placement

Headed and bent-bar anchor bolts shall be embedded
in grout. Anchor bolts of % in. (6.4 mm) diameter are
permitted to be placed in mortar bed joints that are at least
Y in. (12.7 mm) in thickness and, for purposes of
application of the provisions of Sections 1.16, 2.1.4 and
3.1.6, are permitted to be considered as if they are
embedded in grout.

When anchor bolts are placed in fine grout, there shall
be a minimum of % in. (6.4 mm) of grout between bolts
and masonry unit; when anchor bolts are placed in coarse
grout, there shall be a minimum of ' in. (12.7 mm) of
grout between bolts and masonry unit.

The clear distance between parallel anchor bolts shall
not be less than the nominal diameter of the anchor bolt,
nor less than 1 in. (25.4 mm).

1.16.2 Projected area for axial tension

The projected area of headed and bent-bar anchor
bolts loaded in axial tension, 4,, shall be determined by
Eq. (1-2).

Ay =rxl; (1-2)
The portion of projected area overlapping an open cell,
or open head joint, or that lies outside the masonry shall
be deducted from the value of 4, calculated using Eq.
(1-2). Where the projected areas of anchor bolts
overlap, the value of 4,, calculated using Eq. (1-2) shall
be adjusted so that no portion of masonry is included
more than once.

1.16.3 Projected area for shear
The projected area of headed and bent-bar anchor bolts
loaded in shear, 4,,, shall be determined from Eq. (1-3).
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(1-3)
The portion of projected area overlapping an open cell,
or open head joint, or that lies outside the masonry shall
be deducted from the value of 4, calculated using Eq.
(1-3). Where the projected areas of anchor bolts
overlap, the value of 4, calculated using Eq. (1-3) shall
be adjusted so that no portion of masonry is included
more than once.

1164  Effective embedment length for headed
anchor bolts

The effective embedment length for a headed anchor
bolt, /,, shall be the length of the embedment measured
perpendicular from the masonry surface to the
compression bearing surface of the anchor head.

1.16.5 Effective embedment length of bent-bar
anchor bolts

The effective embedment for a bent-bar anchor bolt,
l,, shall be the length of embedment measured
perpendicular from the masonry surface to the
compression bearing surface of the bent end, minus one
anchor bolt diameter.

1.16.6 Minimum permissible effective embedment
length

The minimum permissible effective embedment length
for headed and bent-bar anchor bolts shall be the greater of
4 bolt diameters or 2 in. (50.8 mm).

1.16.7 Anchor bolt edge distance

Anchor bolt edge distance, /., shall be measured in
the direction of load from the edge of masonry to center of
the cross section of anchor bolt.

1.17 — Seismic design requirements

1.17.1  Scope

The seismic design requirements of Section 1.17 shall
apply to the design and construction of masonry, except
glass unit masonry and masonry veneer.

1.17.2  General analysis
1.17.2.1 Element interaction — The interaction of
structural and nonstructural elements that affect the linear
and nonlinear response of the structure to earthquake
motions shall be considered in the analysis.

1.17.2.2 Load path — Structural masonry
elements that transmit forces resulting from seismic events
to the foundation shall comply with the requirements of
Section 1.17.

1.17.2.3 Anchorage design — Load path
connections and minimum anchorage forces shall comply
with the requirements of the legally adopted building code.
When the legally adopted building code does not provide
minimum load path connection requirements and anchorage
design forces, the requirements of ASCE 7 shall be used.

1.17.2.4 Drift  limits —  Under loading
combinations that include earthquake, masonry structures
shall be designed so the calculated story drift, 4, does not
exceed the allowable story drift, 4,, obtained from the legally
adopted building code. When the legally adopted building
code does not provide allowable story drifts, structures shall
be designed so the calculated story drift, 4, does not exceed
the allowable story drift, 4, obtained from ASCE 7.

It shall be permitted to assume that the following shear
wall types comply with the story drift limits of ASCE 7:
empirical, ordinary plain (unreinforced), detailed plain
(unreinforced), ordinary reinforced, intermediate reinforced,
ordinary plain (unreinforced) AAC masonry shear walls, and
detailed plain (unreinforced) AAC masonry shear walls.
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1.17.3 Element classification

Masonry elements shall be classified in accordance with
Section 1.17.3.1 and 1.17.3.2 as either participating or
nonparticipating elements of the seismic force-resisting system.

1.17.3.1 Nonparticipating elements — Masonry
elements that are not part of the seismic force-resisting
system shall be classified as nonparticipating elements and
shall be isolated in their own plane from the seismic force-
resisting system except as required for gravity support.
Isolation joints and connectors shall be designed to
accommodate the design story drift.

1.17.3.2 Participating elements — Masonry walls
that are part of the seismic force-resisting system shall be
classified as participating elements and shall comply with the
requirements of Section 1.17.3.2.1, 1.17.3.2.2, 1.17.3.2.3,
1.17.324, 1.173.25, 1.17.3.2.6, 1.17.3.2.7, 1.17.3.2.8,
1.17.3.2.9,1.17.3.2.10, 1.17.3.2.11 or 1.17.3.2.12.

1.17.3.2.1 Empirical design of masonry
shear walls — Empirical design of shear walls shall
comply with the requirements of Section 5.3.

1.17.3.2.2 Ordinary plain (unreinforced)
masonry shear walls — Design of ordinary plain
(unreinforced) masonry shear walls shall comply with the
requirements of Section 2.2 or Section 3.2.

1.17.3.2.3 Detailed plain (unreinforced)
masonry shear walls — Design of detailed plain
(unreinforced) masonry shear walls shall comply with the
requirements of Section 2.2 or Section 3.2, and shall
comply with the requirements of Section 1.17.3.2.3.1.

1.17.3.2.3.1 Minimum  reinforcement
requirements — Vertical reinforcement of at least 0.2 in.’
(129 mm?) in cross-sectional area shall be provided at
corners, within 16 in. (406 mm) of each side of openings,
within 8 in. (203 mm) of each side of movement joints,
within 8 in. (203 mm) of the ends of walls, and at a
maximum spacing of 120 in. (3048 mm) on center.

Reinforcement adjacent to openings need not be
provided for openings smaller than 16 in. (406 mm) in
either the horizontal or vertical direction, unless the
distributed reinforcement is interrupted by such openings.

Horizontal reinforcement shall consist of at least two
longitudinal wires of W1.7 (MW11) joint reinforcement
spaced not more than 16 in. (406 mm) on center, or at least
0.2 in.? (129 mm?) in cross-sectional area of bond beam
reinforcement spaced not more than 120 in. (3048 mm) on
center. Horizontal reinforcement shall also be provided at
the bottom and top of wall openings and shall extend not
less than 24 in. (610 mm) nor less than 40 bar diameters
past the opening, continuously at structurally connected
roof and floor levels, and within 16 in. (406 mm) of the
top of walls.

1.17.3.2.4 Ordinary reinforced masonry
shear walls — Design of ordinary reinforced masonry
shear walls shall comply with the requirements of Section
2.3 or Section 3.3, and shall comply with the requirements
of Section 1.17.3.2.3.1.

1.17.3.2.5 Intermediate reinforced masonry
shear walls — Design of intermediate reinforced masonry
shear walls shall comply with the requirements of Section
2.3 or Section 3.3. Reinforcement detailing shall also
comply with the requirements of Section 1.17.3.2.3.1,
except that the spacing of vertical reinforcement shall not
exceed 48 in. (1219 mm).

1.17.3.2.6  Special reinforced masonry shear
walls — Design of special reinforced masonry shear walls
shall comply with the requirements of Section 2.3 or Section
3.3. Reinforcement detailing shall also comply with the
requirements of Section 1.17.3.2.3.1 and the following:

(a) The maximum spacing of vertical reinforcement shall
be the smallest of one-third the length of the shear
wall, one-third the height of the shear wall, and 48 in.
(1219 mm) for masonry laid in running bond and
24 in. (610 mm) for masonry laid in other than
running bond.

(b) The maximum spacing of horizontal reinforcement
required to resist in-plane shear shall be uniformly
distributed, shall be the smaller of one-third the length
of the shear wall and one-third the height of the shear
wall, and shall be embedded in grout. The maximum
spacing of horizontal reinforcement shall not exceed
48 in. (1219 mm) for masonry laid in running bond
and 24 in. (610 mm) for masonry laid in other than
running bond.

(c) The minimum cross-sectional area of vertical
reinforcement shall be one-third of the required shear
reinforcement. The sum of the cross-sectional area of
horizontal and vertical reinforcement shall be at least
0.002 multiplied by the gross cross-sectional area of
the wall using specified dimensions.

1. For masonry laid in running bond, the minimum
cross-sectional area of reinforcement in each
direction shall be not less than 0.0007 multiplied
by the gross cross-sectional area of the wall,
using specified dimensions.

2. For masonry laid in other than running bond, the
minimum  cross-sectional area of vertical
reinforcement shall be not less than 0.0007
multiplied by the gross cross-sectional area of the
wall, using specified dimensions. The minimum
cross-sectional area of horizontal reinforcement
shall be not less than 0.0015 multiplied by the
gross cross-sectional area of the wall, using
specified dimensions.
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(d) Shear reinforcement shall be anchored around vertical
reinforcing bars with a standard hook.

(e) Masonry laid in other than running bond shall be
solidly grouted and shall be constructed of hollow
open-end units or two wythes of solid units.

1.17.3.2.6.1 Shear capacity design

1.17.3.2.6.1.1 When designing
special reinforced masonry shear walls in accordance with
Section 3.3 or A.3 or Chapter 4, the design shear strength,
¢ V,, shall exceed the shear corresponding to the
development of 1.25 times the nominal flexural strength,
M, , of the element, except that the nominal shear strength,
V., need not exceed 2.5 times required shear strength, V.

1.17.3.2.6.1.2 When designing
special reinforced masonry shear walls in accordance with
Section 2.3, the shear or diagonal tension stress resulting
from in-plane seismic forces shall be increased by a factor
of 1.5. The 1.5 multiplier need not be applied to the
overturning moment.

1.17.3.2.7 Ordinary plain (unreinforced)
AAC masonry shear walls — Design of ordinary plain
(unreinforced) AAC masonry shear walls shall comply with
the requirements of Appendix A.2 and Section 1.17.3.2.7.1.

1.17.3.2.7.1 Anchorage of floor and
roof diaphragms in AAC masonry structures — Floor and
roof diaphragms in AAC masonry structures shall be
anchored to a continuous grouted bond beam reinforced
with at least two longitudinal reinforcing bars, having a
total cross-sectional area of at least 0.4 in.” (260 mm?).

1.17.3.2.8  Detailed plain (unreinforced)
AAC masonry shear walls — Design of detailed plain
(unreinforced) AAC masonry shear walls shall comply
with the requirements of Appendix A.2 and Sections
1.17.3.2.7.1 and 1.17.3.2.8.1.

1.17.3.2.8.1 Minimum  reinforcement
requirements — Vertical reinforcement of at least 0.2 in.
(129 mm?) shall be provided within 24 in. (610 mm) of
each side of openings, within 8 in. (203 mm) of movement
joints, and within 24 in. (610 mm) of the ends of walls.
Reinforcement adjacent to openings need not be provided
for openings smaller than 16 in. (406 mm), unless the
minimum reinforcement requirements are interrupted by
such openings. Horizontal reinforcement shall be provided
at the bottom and top of wall openings and shall extend
not less than 24 in. (610 mm) nor less than 40 bar
diameters past the opening.

1.17.3.2.9  Ordinary  reinforced  AAC
masonry shear walls — Design of ordinary reinforced
AAC masonry shear walls shall comply with the
requirements of Appendix A.3 and Sections 1.17.3.2.7.1
and 1.17.3.2.8.1.

1.17.3.2.10 Ordinary plain (unreinforced)
prestressed masonry shear walls — Design of ordinary
plain (unreinforced) prestressed masonry shear walls shall
comply with the requirements of Chapter 4.

1.17.3.2.11 Intermediate reinforced
prestressed masonry shear walls — Intermediate reinforced
prestressed masonry shear walls shall comply with the
requirements of Chapter 4, the reinforcement detailing
requirements of Section 1.17.3.2.3.1, and the following:

(a) Reinforcement shall be provided in accordance with
Sections 1.17.3.2.6(a) and 1.17.3.2.6(Db).

(b) The minimum area of horizontal reinforcement shall
be 0.0007bd,,.

(c) Flexural elements subjected to load reversals shall be
symmetrically reinforced.

(d) The nominal moment strength at any section along an
element shall not be less than one-fourth the
maximum moment strength.

(¢) The cross-sectional area of bonded tendons shall be
considered to contribute to the minimum
reinforcement in Sections 1.17.3.2.3.1, 1.17.3.2.6(a),
and 1.17.3.2.6(b).

(f) Tendons shall be located in cells that are grouted the
full height of the wall.

1.17.3.2.12 Special reinforced prestressed
masonry shear walls — Special reinforced prestressed
masonry shear walls shall comply with the requirements of
Chapter 4, the reinforcement detailing requirements of
Sections 1.17.3.2.3.1 and 1.17.3.2.11 and the following:

(a) The cross-sectional areca of bonded tendons shall be
considered to contribute to the minimum reinforcement
in Sections 1.17.3.2.3.1 and 1.17.3.2.11.

(b) Prestressing tendons shall consist of bars conforming
to ASTM A722/A722M.

(c) All cells of the masonry wall shall be grouted.
(d) The requirements of Section 3.3.3.5 or 3.3.6.5 shall be met.

1.17.4  Seismic Design Category requirements

The design of masonry elements shall comply with the
requirements of Sections 1.17.4.1 through 1.17.4.5 based
on the Seismic Design Category as defined in the legally
adopted building code. When the legally adopted building
code does not define Seismic Design Categories, the
provisions of ASCE 7 shall be used.

1.17.4.1 Seismic Design Category A requirements
— Masonry elements in structures assigned to Seismic
Design Category A shall comply with the requirements of
Sections 1.17.1,1.17.2, and 1.17.4.1.
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1.17.4.1.1 Design of  nonparticipating
elements — Nonparticipating masonry elements shall
comply with the requirements of Section 1.17.3.1 and
Chapter 2, 3, 4, or 5 or Appendix A.

1.17.4.1.2 Design of participating elements —
Participating masonry elements shall be designed to comply
with the requirements of Chapter 2, 3, 4, or 5 or Appendix A.
Masonry shear walls shall be designed to comply with the
requirements of Section 1.17.3.2.1, 1.17.3.2.2, 1.17.3.2.3,
1.17.3.24, 1.17.3.2.5, 117326, 1.173.2.7, 1.17.3.2.8,
1.17.3.29,1.17.3.2.10,1.17.3.2.11, 0r 1.17.3.2.12.

1.17.4.2 Seismic Design Category B requirements —
Masonry elements in structures assigned to Seismic Design
Category B shall comply with the requirements of Seismic
Design Category A and with the additional requirements of
Section 1.17.4.2.

1.17.4.2.1 Design of participating elements —
Participating masonry elements shall be designed to comply
with the requirements of Chapter 2, 3, or 4 or Appendix A.
Masonry shear walls shall be designed to comply with the
requirements of Section 1.17.3.2.2, 1.17.3.2.3, 1.17.3.2.4,

1.17.3.2.5, 1.17.3.2.6, 1.17.3.2.7, 1.17.3.2.8, 1.17.3.2.9,
1.17.3.2.10,1.17.3.2.11, 0r 1.17.3.2.12.
1.17.4.3 Seismic Design Category C

requirements — Masonry elements in structures assigned
to Seismic Design Category C shall comply with the
requirements of Seismic Design Category B and with the
additional requirements of Section 1.17.4.3.

1.17.4.3.1 Design of nonparticipating
elements — Nonparticipating masonry elements shall
comply with the requirements of Section 1.17.3.1 and
Chapter 2, 3, or 4 or Appendix A. Nonparticipating
masonry elements, except those constructed of AAC
masonry, shall be reinforced in either the horizontal or
vertical direction in accordance with the following:

(a) Horizontal reinforcement — Horizontal reinforcement
shall consist of at least two longitudinal wires of W1.7
(MW11) bed joint reinforcement spaced not more than
16 in. (406 mm) on center for walls greater than 4 in.
(102 mm) in width and at least one longitudinal W1.7
(MW11) wire spaced not more 16 in. (406 mm) on
center for walls not exceeding 4 in. (102 mm) in width
or at least one No. 4 (M #13) bar spaced not more than
48 in. (1219 mm) on center. Where two longitudinal
wires of joint reinforcement are used, the space between
these wires shall be the widest that the mortar joint will
accommodate. Horizontal reinforcement shall be
provided within 16 in. (406 mm) of the top and bottom
of these masonry walls.

(b) Vertical reinforcement — Vertical reinforcement shall
consist of at least one No. 4 (M #13) bar spaced not
more than 120 in. (3048 mm). Vertical reinforcement
shall be located within 16 in. (406 mm) of the ends of
masonry walls.

1.17.43.2  Design of participating elements
— Participating masonry elements shall be designed to
comply with the requirements of Section 2.3, 3.3, or A.3.
Masonry shear walls shall be designed to comply with the
requirements of Section 1.17.3.2.4, 1.17.3.2.5, 1.17.3.2.6,
1.17.3.2.9,1.17.3.2.11, 0r 1.17.3.2.12.

1.17.4.3.2.1 Connections to masonry
columns — Connections shall be designed to transfer
forces between masonry columns and horizontal elements
in accordance with the requirements of Section 1.7.4.
Where anchor bolts are used to connect horizontal
elements to the tops of columns, anchor bolts shall be
placed within lateral ties. Lateral ties shall enclose both the
vertical bars in the column and the anchor bolts. There
shall be a minimum of two No. 4 (M #13) lateral ties
provided in the top 5 in. (127 mm) of the column.

1.17.4.3.2.2 Anchorage of floor and
roof diaphragms in AAC masonry structures — Seismic
load between floor and roof diaphragms and AAC
masonry shear walls shall be transferred through
connectors embedded in grout and designed in accordance
with Section 1.7.4.

1.17.4.3.2.3 Material requirements —
ASTM C34, structural clay loadbearing wall tiles, shall not
be used as part of the seismic force-resisting system.

1.17.4.3.2.4 Lateral stiffness — At each
story level, at least 80 percent of the lateral stiffness shall
be provided by lateral-force-resisting walls. Along each
line of lateral resistance at a particular story level, at least
80 percent of the lateral stiffness shall be provided by
lateral-force-resisting walls. Where seismic loads are
determined based on a seismic response modification
factor, R, not greater than 1.5, piers and columns shall be
permitted to be used to provide seismic load resistance.

1.17.4.3.2.5 Design of  columns,
pilasters, and beams supporting discontinuous elements
Columns and pilasters that are part of the seismic force-
resisting system and that support reactions from
discontinuous stiff elements shall be provided with
transverse reinforcement spaced at no more than one-
fourth of the least nominal dimension of the column or
pilaster. The minimum transverse reinforcement ratio shall
be 0.0015. Beams supporting reactions from discontinuous
walls shall be provided with transverse reinforcement
spaced at no more than one-half of the nominal depth of
the beam. The minimum transverse reinforcement ratio
shall be 0.0015.
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1.17.4.4 Seismic Design Category D
requirements — Masonry elements in structures assigned
to Seismic Design Category D shall comply with the
requirements of Seismic Design Category C and with the
additional requirements of Section 1.17.4.4.

Exception: Design of participating elements of AAC
masonry shall comply with the requirements of 1.17.4.3.

1.17.4.4.1 Minimum reinforcement requirements
for nonparticipating elements — Nonparticipating
masonry walls and piers, except those constructed of AAC
masonry, shall be reinforced in either the horizontal or
vertical direction in accordance with the following:

(a) Horizontal reinforcement — Horizontal reinforcement
shall comply with Section 1.17.4.3.1(a).

(b) Vertical reinforcement — Vertical reinforcement shall
consist of at least one No. 4 (M #13) bar spaced not
more than 48 in. (1219 mm). Vertical reinforcement
shall be located within 16 in. (406 mm) of the ends of
masonry walls.

1.17.4.4.2 Design of participating elements —
Masonry shear walls shall be designed to comply with the
requirements of Section 1.17.3.2.6, 1.17.3.2.9, or 1.17.3.2.12.

1.17.4.4.2.1 Minimum reinforcement for
masonry columns — Lateral ties in masonry columns shall
be spaced not more than 8 in. (203 mm) on center and
shall be at least 3/8 in. (9.5 mm) diameter. Lateral ties
shall be embedded in grout.

1.17.4.4.2.2 Material requirements —
Neither Type N mortar nor masonry cement mortar shall
be used to construct participating elements.

1.17.4.4.2.3 Lateral tie anchorage —
Standard hooks for lateral tie anchorage shall be either a
135- degree standard hook or a 180-degree standard hook.

1.17.4.5 Seismic Design Categories E and F
requirements — Masonry elements in structures assigned
to Seismic Design Category E or F shall comply with the
requirements of Seismic Design Category D and with the
additional requirements of Section 1.17.4.5.

1.17.4.5.1 Minimum reinforcement for
nonparticipating masonry elements laid in other than
running bond — Masonry laid in other than running bond
in nonparticipating elements shall have a cross-sectional
area of horizontal reinforcement of at least 0.0015
multiplied by the gross cross-sectional area of masonry,
using specified dimensions. The maximum spacing of
horizontal reinforcement shall be 24 in. (610 mm). These
elements shall be solidly grouted and shall be constructed
of hollow open-end units or two wythes of solid units.

1.18 — Quality Assurance program

The quality assurance program shall comply with the
requirements of this section, depending on the facility
function, as defined in the legally adopted building code or
ASCE 7. The quality assurance program shall itemize the
requirements for verifying conformance of material
composition, quality, storage, handling, preparation, and
placement with the requirements of TMS 602/ACI
530.1/ASCE 6.

1.18.1 Level A Quality Assurance

The minimum quality assurance program for masonry
in non-essential facilities and designed in accordance with
Chapter 5, 6, or 7 shall comply with Table 1.18.1.

1.18.2 Level B Quality Assurance
1.18.2.1 The minimum quality assurance program
for masonry in essential facilities and designed in
accordance with Chapter 5, 6, or 7 shall comply with
Table 1.18.2.

1.18.2.2 The minimum quality assurance program
for masonry in non-essential facilities and designed in
accordance with chapters other than Chapter 5, 6, or 7
shall comply with Table 1.18.2.

1.18.3 Level C Quality Assurance

The minimum quality assurance program for masonry
in essential facilities and designed in accordance with
chapters other than Chapter 5, 6, or 7 shall comply with
Table 1.18.3.

1.18.4 Procedures

The quality assurance program shall set forth the
procedures for reporting and review. The quality assurance
program shall also include procedures for resolution of
noncompliances.

1.18.5 Qualifications

The quality assurance program shall define the
qualifications for testing laboratories and for inspection
agencies.

1.18.6  Acceptance relative to strength requirements

1.18.6.1 Compliance with f ', — Compressive

strength of masonry shall be considered satisfactory if the

compressive strength of each masonry wythe and grouted
collar joint equals or exceeds the value of /7, .

1.18.6.2 Determination of compressive strength
— Compressive strength of masonry shall be determined
in accordance with the provisions of TMS 602/ACI
530.1/ASCE 6.
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Table 1.18.1 — Level A Quality Assurance
MINIMUM TESTS
None
MINIMUM INSPECTION
Verify compliance with the approved submittals
Table 1.18.2 — Level B Quality Assurance
MINIMUM TESTS
Verification of Slump flow and VSI as delivered to the site in accordance with
Article 1.5 B.1.b.3 for self-consolidating grout
Verification of f*,, and f”44c prior to construction, except where specifically exempted by this Code
MINIMUM INSPECTION
Inspection Task Frequency ®
Continuous Periodic
1. Verify compliance with the approved submittals X
2. As masonry construction begins, verify that the following are in compliance:
a. Proportions of site-prepared mortar X
b. Construction of mortar joints X
c. Grade and size of prestressing tendons and anchorages X
d. Location of reinforcement, connectors, and prestressing tendons and anchorages X
e. Prestressing technique X
3. Prior to grouting, verify that the following are in compliance:
a. Grout space X
b. Grade, type, and size of reinforcement and anchor bolts, and prestressing tendons, X
and anchorages
c. Placement of reinforcement, connectors, and prestressing tendons and anchorages X
d. Proportions of site-prepared grout and prestressing grout for bonded tendons X
e. Construction of mortar joints X
4. Verify during construction:
a. Size and location of structural elements X
b. Type, size, and location of anchors, including other details of anchorage of X
masonry to structural members, frames, or other construction
¢. Welding of reinforcement X
d. Preparation, construction, and protection of masonry during cold weather X
(temperature below 40°F (4.4°C)) or hot weather (temperature above 90°F (32.2°C))
e. Application and measurement of prestressing force X
f. Placement of grout and prestressing grout for bonded tendons is in compliance X
5. Observe preparation of grout specimens, mortar specimens, and/or prisms X
(a) Frequency refers to the frequency of inspection, which may be continuous during the task listed or periodically during the listed task, as defined in the table.
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Table 1.18.3 — Level C Quality Assurance

MINIMUM TESTS
Verification of /', and f”,4¢ in accordance with Article 1.4 B prior to construction and for
every 5,000 sq. ft (464.5 m?) during construction
Verification of proportions of materials in premixed or preblended mortar, prestressing
grout, and grout other than self-consolidating grout, as delivered to the site
Verification of Slump flow and VSI as delivered to the site in accordance with
Article 1.5 B.1.b.3 for self-consolidating grout
MINIMUM INSPECTION
Inspection Task Frequency ®
Continuous Periodic
1. Verify compliance with the approved submittals X
2. Verify that the following are in compliance:
a. Proportions of site-prepared mortar X
b. Grade, type, and size of reinforcement and anchor bolts, and prestressing tendons X
and anchorages
c. Placement of masonry units and construction of mortar joints X
d. Placement of reinforcement, connectors, and prestressing tendons and anchorages X
e. Grout space prior to grouting X
f. Placement of grout and prestressing grout for bonded tendons X
g. Size and location of structural elements X
h. Type, size, and location of anchors including other details of anchorage of X
masonry to structural members, frames, or other construction
i. Welding of reinforcement X
j. Preparation, construction, and protection of masonry during cold weather (temperature X
below 40°F (4.4°C)) or hot weather (temperature above 90°F (32.2°C))
k. Application and measurement of prestressing force X
3. Observe preparation of grout specimens, mortar specimens, and/or prisms X
(a) Frequency refers to the frequency of inspection, which may be continuous during the task listed or periodically during the listed task, as defined in the table.
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1.19 — Construction

1.19.1 Grouting, minimum spaces

The minimum dimensions of spaces provided for the
placement of grout shall be in accordance with Table
1.19.1. Grout pours with heights exceeding those shown in
Table 1.19.1, cavity widths, or cell sizes smaller than those
permitted in Table 1.19.1 or grout lift heights exceeding
those permitted by Article 3.5 D of TMS 602/ACI
530.1/ASCE 6 are permitted if the results of a grout
demonstration panel show that the grout spaces are filled
and adequately consolidated. In that case, the procedures
used in constructing the grout demonstration panel shall be
the minimum acceptable standard for grouting, and the
quality assurance program shall include inspection during
construction to verify grout placement.

1.19.2 Embedded conduits, pipes, and sleeves

Conduits, pipes, and sleeves of any material to be
embedded in masonry shall be compatible with masonry
and shall comply with the following requirements.

Table 1.19.1 — Grout space requirements

1.19.2.1 Design shall not consider conduits, pipes,
or sleeves as structurally replacing the displaced masonry.

1.19.2.2 Design shall consider the structural
effects resulting from the removal of masonry to allow for
the placement of pipes or conduits.

1.19.2.3 Conduits, pipes, and sleeves in masonry
shall be no closer than 3 diameters on center.

1.19.2.4 Vertical conduits, pipes, or sleeves
placed in masonry columns or pilasters shall not displace
more than 2 percent of the net cross section.

1.19.2.5 Pipes shall not be embedded in

masonry when:

(a) Containing liquid, gas, or vapors at temperature
higher than 150° F (66° C).

(b) Under pressure in excess of 55 psi (379 kPa).

(c) Containing water or other liquids subject to freezing.

Grout type' Maximum grout Minimum width of Minimum grout space dimensions for
pour height, grout space,™ grouting cells of hollow units,**

ft (m) in. (mm) in. X in. (mm X mm)

Fine 1 (0.30) 34 (19.1) 1',x2 (38.1 x 50.8)

Fine 5(1.52) 2 (50.8) 2x3(50.8x76.2)

Fine 12 (3.66) 2'/,(63.5) 2',x 3 (63.5x76.2)

Fine 24 (7.32) 3(76.2) 3x3(76.2x76.2)

Coarse 1 (0.30) 1'/, (38.1) 1',x 3 (38.1 x76.2)

Coarse 5(1.52) 2 (50.8) 2'/,x3(63.5x76.2)

Coarse 12 (3.66) 2'7,(63.5) 3x3(76.2x76.2)

Coarse 24 (7.32) 3(76.2) 3x4(76.2x102)

! Fine and coarse grouts are defined in ASTM C476.
? For grouting between masonry wythes.

? Grout space dimension is the clear dimension between any masonry protrusion and shall be increased by the diameters of the horizontal
bars within the cross section of the grout space.
* Area of vertical reinforcement shall not exceed 6 percent of the area of the grout space.
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CHAPTER 2
ALLOWABLE STRESS DESIGN OF MASONRY

2.1 — General

2.1.1  Scope

This chapter provides requirements for allowable
stress design of masonry. Masonry design in accordance
with this chapter shall comply with the requirements of
Chapter 1, this section, and either Section 2.2 or 2.3.

2.1.2  Load combinations
2.1.2.1 When the legally adopted building code
does not provide load combinations, structures and
members shall be designed to resist the most restrictive of
the following combination of loads:

(a) D

(b) D+L

(c) D+L+ (WorkE)
d D+Ww

(e) 09D+E

() D+L+ (HorF)
(g) D+ (HorF)
(h)y D+L+T

i) D+T

2.1.2.2 For prestressed masonry members, the
prestressing force shall be added to load combinations.

2.1.2.3 Unless prohibited by the legally adopted
building code, allowable stresses and allowable loads in
Chapters 2 and 4 shall be permitted to be increased by
one-third when considering Load Combination (c), (d), or
(e) of Section 2.1.2.1.

2.1.3  Design strength
2.1.3.1 Project drawings shall show the
specified compressive strength of masonry, /', , for each
part of the structure.

2.1.3.2 Each portion of the structure shall be
designed based on the specified compressive strength of
masonry, f",, for that part of the work.

2.1.3.3 Computed stresses shall not exceed the
allowable stress requirements of this Chapter.

2.1.4  Anchor bolts embedded in grout
2.1.4.1 Design requirements — Anchor bolts
shall be designed using either the provisions of Section
2.1.4.2 or, for headed and bent-bar anchor bolts, by the
provisions of Section 2.1.4.3.

2.1.4.2 Allowable loads determined by test
2.1.4.2.1 Anchor bolts shall be tested in
accordance with ASTM E488, except that a minimum of
five tests shall be performed. Loading conditions of the test
shall be representative of intended use of the anchor bolt.

2.1.4.2.2 Anchor bolt allowable loads used
for design shall not exceed 20 percent of the average
failure load from the tests.

2.1.43 Allowable loads  determined by
calculation for headed and bent-bar anchor bolts —
Allowable loads for headed and bent-bar anchor bolts
embedded in grout shall be determined in accordance with
the provisions of Sections 2.1.4.3.1 through 2.1.4.3.3.

2.1.4.3.1 Allowable axial tensile load of
headed and bent-bar anchor bolts — The allowable axial
tensile load of headed anchor bolts shall be computed
using the provisions of Sections 2.1.4.3.1.1. The allowable
axial tensile load of bent-bar anchor bolts shall be
computed using the provisions of Section 2.1.4.3.1.2.

2.1.43.1.1 Allowable axial tensile
load of headed anchor bolts — The allowable axial tensile
load, B,, of headed anchor bolts embedded in grout shall
be determined by Eq. (2-1) (allowable axial tensile load
governed by masonry breakout) or Eq. (2-2) (allowable
axial tensile load governed by steel yielding). The
allowable axial tensile load, B,, shall be the smaller of the
values obtained from Egs. (2-1) and (2-2).

B, =1.254,,\ 2-1)

B, =0.64,f, (2-2)
2.1.43.1.2 Allowable axial tensile

load of bent-bar anchor bolts — The allowable axial

tensile load, B,, for bent-bar anchor bolts embedded in
grout shall be determined by Eq. (2-3) (allowable axial
tensile load governed by masonry breakout), Eq. (2-4)
(allowable axial tensile load governed by anchor bolt
pullout), or Eq. (2-5) (allowable axial tensile load
governed by steel yielding). The allowable axial tensile
load, B,, shall be the smallest of the values obtained from
Egs. (2-3), (2-4) and (2-5).

By =1.254,\ [y (2-3)
B, =0.6/", eyd, +1207(l, +e, +d, )d, (2-4)
B, =0.64,f, (2-5)
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2.1.4.3.2 Allowable shear load of headed and
bent-bar anchor bolts — The allowable shear load, B,, of
headed and bent-bar anchor bolts embedded in grout shall
be determined by Eq. (2-6) (allowable shear load governed
by masonry breakout), Eq. (2-7) (allowable shear load
governed by masonry crushing), Eq. (2-8) (allowable shear
load governed by anchor bolt pryout) or Eq. (2-9)
(allowable shear load governed by steel yielding). The
allowable shear load, B,, shall be the smallest of the values
obtained from Egs. (2-6), (2-7), (2-8) and (2-9).

B,, =1.254,,1//, (2-6)
B, =35041", 4, (2-7)
By =2.0B,, =2.54,,+ o (2-8)
B, =0.364,f, (2-9)

2.1.4.3.3 Combined axial tension and shear —
Anchor bolts subjected to axial tension in combination
with shear shall satisfy Eq. (2-10).

be b (2-10)
B, B

a v

2.1.5  Multiwythe walls
2.1.5.1 Design of walls composed of more than
one wythe shall comply with the provisions of this section.

2.1.5.2 Composite action
2.1.5.2.1Multiwythe walls designed for
composite action shall have collar joints either:

(a) crossed by connecting headers, or
(b) filled with mortar or grout and connected by wall ties.

2.1.5.2.2Shear stresses developed in the
planes of interfaces between wythes and collar joints or
within headers shall not exceed the following:

(a) mortared collar joints, 5 psi (34.5 kPa).
(b) grouted collar joints, 10 psi (69.0 kPa).
(c) headers,

\/ specified unit compressive streng th of header ,  psi

(MPa) (over net area of header).

2.1.5.2.3Headers of wythes bonded by
headers shall meet the requirements of Section 2.1.5.2.2
and shall be provided as follows:

(a) Headers shall be uniformly distributed and the sum of
their cross-sectional areas shall be at least 4 percent of
the wall surface area.

(b) Headers connecting adjacent wythes shall be embedded
a minimum of 3 in. (76.2 mm) in each wythe.

2.1.5.2.4 Wythes not bonded by headers shall
meet the requirements of Section 2.1.5.2.2 and shall be
bonded by wall ties provided as follows:

Wire size Minimum number of wall ties required
W1.7 (MW11) one per 2%/ ft* (0.25 m?) of wall
W2.8 (MW18) one per 4'/, ft* (0.42 m?) of wall

The maximum spacing between ties shall be 36 in.
(914 mm) horizontally and 24 in. (610 mm) vertically.

The use of rectangular wall ties to tie walls made with
any type of masonry units is permitted. The use of Z wall
ties to tie walls made with other than hollow masonry units
is permitted. Cross wires of joint reinforcement are
permitted to be used instead of wall ties.

2.1.5.3 Non-composite action — Masonry
designed for non-composite action shall comply with the
following provisions:

2.1.5.3.1Each wythe shall be designed to
resist individually the effects of loads imposed on it.

Unless a more detailed analysis is performed, the
following requirements shall be satisfied:

(a) Collar joints shall not contain headers, grout, or mortar.

(b) Gravity loads from supported horizontal members shall
be resisted by the wythe nearest to the center of span of
the supported member. Any resulting bending moment
about the weak axis of the wall shall be distributed to
each wythe in proportion to its relative stiffness.

(c) Loads acting parallel to the plane of a wall shall be
carried only by the wythe on which they are applied.
Transfer of stresses from such loads between wythes
shall be neglected.

(d) Loads acting transverse to the plane of a wall shall be
resisted by all wythes in proportion to their relative
flexural stiffnesses.

(e) Specified distances between wythes shall not exceed
of 4.5 in. (114 mm) unless a detailed wall-tie analysis
is performed.

2.1.5.3.2Wythes of walls designed for non-
composite action shall be connected by wall ties meeting
the requirements of Section 2.1.5.2.4 or by adjustable ties.
Where the cross wires of joint reinforcement are used as
ties, the joint reinforcement shall be ladder-type or tab-
type. Wall ties shall be without cavity drips.

Adjustable ties shall meet the following requirements:

(a) One tie shall be provided for each 1.77 ft* (0.16 m?) of
wall area.
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(b) Horizontal and vertical spacing shall not exceed
16 in. (406 mm).

(c) Adjustable ties shall not be used when the
misalignment of bed joints from one wythe to the
other exceeds 1'/; in. (31.8 mm).

(d) Maximum clearance between connecting parts of the
tie shall be /¢ in. (1.6 mm).

(e) Pintle ties shall have at least two pintle legs of wire
size W2.8 (MW138).

2.1.6  Columns
Design of columns shall meet the requirements of
Section 1.14 and the additional requirements of Section 2.1.6.

2.1.6.1 The ratio between the -effective
height and least nominal dimension shall not exceed 25.

2.1.6.2 Columns shall be designed to resist
applied loads. As a minimum, columns shall be designed
to resist loads with an eccentricity equal to 0.1 multiplied
by each side dimension. Consider each axis independently.

2.1.7  Pilasters
2.1.7.1 Walls interfacing with pilasters shall not
be considered as flanges, unless the provisions of Section
1.9.4.2 are met.

2.1.7.2 Where vertical reinforcement is provided
to resist axial compressive stress, lateral ties shall meet all
applicable requirements of Section 1.14.1.3.

2.1.8  Concentrated loads
Bearing stresses computed over the bearing area, 4,
as defined in Section 1.9.5, shall not exceed 0.25 17, .

2.1.9  Development of reinforcement embedded in grout
2.1.9.1 General — The calculated tension or
compression in the reinforcement at each section shall be
developed on each side of the section by development
length, hook, mechanical device, or combination thereof.

Hooks shall not be used to develop bars in compression.

2.1.9.2 Development of wires in tension — The
development length of wire shall be determined by Eq.
(2-11), but shall not be less than 6 in. (152 mm).

1,=0.0015 d, F, @2-11)

Development length of epoxy-coated wire shall be
taken as 150 percent of the length determined by Eq. (2-11).

2.1.9.3 Development of bars in tension and
compression — The required development length of
reinforcing bars shall be determined by Eq. (2-12), but
shall not be less than 12 in. (305 mm).

0.13d,f,
1, =—bf}7 2-12)

K\ f

K shall not exceed the smallest of the following: the
minimum masonry clear cover, the clear spacing between
adjacent reinforcement splices, and 5d,, .

y = 1.0 for No. 3 (M#10) through No. 5 (M#16) bars;

y = 1.3 for No. 6 (M#19) through No. 7 (M#22) bars;
and

y = 1.5 for No. 8 (M#25) through No. 11 (M#36) bars.

Development length of epoxy-coated bars shall be taken
as 150 percent of the length determined by Eq. (2-12).

2.1.9.4 Embedment of flexural reinforcement
2.1.9.4.1 General
2.1.9.4.1.1 Tension reinforcement is
permitted to be developed by bending across the neutral
axis of the member to be anchored or made continuous
with reinforcement on the opposite face of the member.

2.1.9.4.1.2 Critical sections for
development of reinforcement in flexural members are at
points of maximum steel stress and at points within the
span where adjacent reinforcement terminates or is bent.

2.1.9.4.1.3 Reinforcement shall extend
beyond the point at which it is no longer required to resist
flexure for a distance equal to the effective depth of the
member or 12d,, whichever is greater, except at supports of
simple spans and at the free end of cantilevers.

2.1.9.4.1.4 Continuing reinforcement
shall extend a distance /, beyond the point where bent or
terminated tension reinforcement is no longer required to
resist flexure as required by Section 2.1.9.2 or 2.1.9.3.

2.1.9.4.1.5 Flexural reinforcement shall
not be terminated in a tension zone unless one of the
following conditions is satisfied:

(a) Shear at the cutoff point does not exceed two-thirds of
the allowable shear at the section considered.

(b) Stirrup area in excess of that required for shear is
provided along each terminated bar or wire over a
distance from the termination point equal to three-
fourths the effective depth of the member. Excess
stirrup area, A,, shall not be less than 60 b,s/f,.
Spacing s shall not exceed d/(8 3,).

(¢) Continuous reinforcement provides double the area
required for flexure at the cutoff point and shear does
not exceed three-fourths the allowable shear at the
section considered.
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2.1.9.4.1.6 Anchorage complying with
Section 2.1.9.2 or 2.1.9.3 shall be provided for tension
reinforcement in corbels, deep flexural members, variable-
depth arches, members where flexural reinforcement is not
parallel with the compression face, and in other cases where
the stress in flexural reinforcement does not vary linearly in
proportion to the moment.

2.1.9.4.2 Development of positive moment
reinforcement — When a wall or other flexural member is
part of a primary lateral resisting system, at least 25
percent of the positive moment reinforcement shall extend
into the support and be anchored to develop a stress equal
to the F in tension.

2.1.9.4.3 Development of negative moment
reinforcement
2.1.9.4.3.1 Negative moment reinforcement
in a continuous, restrained, or cantilever member shall be
anchored in or through the supporting member in
accordance with the provisions of Section 2.1.9.1.

2.1.9.4.3.2 At least one-third of the total
reinforcement provided for moment at a support shall
extend beyond the point of inflection the greater distance
of the effective depth of the member or one-sixteenth of
the span.

2.1.9.5 Hooks
2.1.9.5.1Standard hooks in tension shall be
considered to develop an equivalent embedment length, /,,
equal to 11.25 d,,.

2.1.9.5.2The effect of hooks for bars in
compression shall be neglected in design computations.

2.1.9.6 Development of shear reinforcement
2.1.9.6.1 Bar and wire reinforcement

2.1.9.6.1.1 Shear reinforcement shall
extend to a distance d from the extreme compression face
and shall be carried as close to the compression and
tension surfaces of the member as cover requirements and
the proximity of other reinforcement permit. Shear
reinforcement shall be anchored at both ends for its
calculated stress.

2.1.9.6.1.2 The ends of single-leg or
U-stirrups shall be anchored by one of the following means:

(a) A standard hook plus an effective embedment of 0.5 /;.
The effective embedment of a stirrup leg shall be taken
as the distance between the middepth of the member,
d/2, and the start of the hook (point of tangency).

(b) For No. 5 bar (M #16) and D31 (MD200) wire and
smaller, bending around longitudinal reinforcement
through at least 135 degrees plus an embedment of
0.33 I;. The 0.33 I, embedment of a stirrup leg shall
be taken as the distance between middepth of member,
d/2, and start of hook (point of tangency).

2.1.9.6.1.3 Between the anchored ends,
each bend in the continuous portion of a transverse
U-stirrup shall enclose a longitudinal bar.

2.1.9.6.1.4 Longitudinal bars bent to act
as shear reinforcement, where extended into a region of
tension, shall be continuous with longitudinal
reinforcement and, where extended into a region of
compression, shall be developed beyond middepth of the
member, d/2.

2.1.9.6.1.5 Pairs of U-stirrups or ties
placed to form a closed unit shall be considered properly
spliced when length of laps are 1.7 ;. In grout at least
18 in. (457 mm) deep, such splices with 4, f, not more
than 9,000 1b (40 032 N) per leg shall be permitted to be
considered adequate if legs extend the full available depth
of grout.

2.1.9.6.2 Welded wire reinforcement
2.1.9.6.2.1 For each leg of welded
wire reinforcement forming simple U-stirrups, there
shall be either:

(a) Two longitudinal wires at a 2-in. (50.8-mm) spacing
along the member at the top of the U, or

(b) One longitudinal wire located not more than d/4 from
the compression face and a second wire closer to the
compression face and spaced not less than 2 in.
(50.8 mm) from the first wire. The second wire shall be
located on the stirrup leg beyond a bend, or on a bend
with an inside diameter of bend not less than 8.

2.1.9.6.2.2 For each end of a single-leg
stirrup of plain or deformed welded wire reinforcement,
there shall be two longitudinal wires spaced a minimum of
2 in. (50.8 mm) with the inner wire placed at a distance at
least d/4 or 2 in. (50.8 mm) from middepth of member, d/2.
Outer longitudinal wire at tension face shall not be farther
from the face than the portion of primary flexural
reinforcement closest to the face.

2.1.9.7 Splices of reinforcement — Lap splices,
welded splices, or mechanical splices are permitted in
accordance with the provisions of this section. Welding
shall conform to AWS D1.4.

2.1.9.7.1 Lap splices
2.1.9.7.1.1 The minimum length of lap
for bars in tension or compression shall be determined by
Eq. (2-12), but not less than 12 in. (305 mm).

2.1.9.7.1.2 Bars spliced by noncontact
lap splices shall not be spaced transversely farther apart
than one-fifth the required length of lap nor more than
8 in. (203 mm).

2.1.9.7.2 Welded splices — Welded splices
shall have the bars butted and welded to develop in tension
at least 125 percent of the specified yield strength of the bar.
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2.1.9.7.3 Mechanical splices — Mechanical
splices shall have the bars connected to develop in tension
or compression, as required, at least 125 percent of the
specified yield strength of the bar.

2.1.9.7.4 End-bearing splices
2.1.9.7.4.1 In bars required for
compression only, the transmission of compressive stress
by bearing of square cut ends held in concentric contact by
a suitable device is permitted.

2.1.9.7.4.2 Bar ends shall terminate in
flat surfaces within 1'/, degree of a right angle to the axis
of the bars and shall be fitted within 3 degrees of full
bearing after assembly.

2.1.9.7.4.3 End-bearing splices shall be
used only in members containing closed ties, closed
stirrups, or spirals.

2.2 — Unreinforced masonry

2.2.1 Scope

This section provides requirements for unreinforced
masonry as defined in Section 1.6, except as otherwise
indicated in Section 2.2.4.

2.2.2  Stresses in reinforcement
The effect of stresses in reinforcement shall be neglected.

2.2.3  Axial compression and flexure
2.2.3.1 Members subjected to axial compression,
flexure, or to combined axial compression and flexure shall
be designed to satisfy Eq. (2-13) and Eq. (2-14).

£+Q31 (2-13)
Fa Fb
P<(\V)P 2-14
4]+ e
where:

(a) For members having an A/r ratio not greater than 99:

F, =(%)f,;[1—(14};rﬂ

(b) For members having an A/r ratio greater than 99:

F,=(4) /1 [%]

(2-15)

(2-16)

© F,=(%) 1, (2-17)
2 3

(d) PQ—%@—O.SWEJ (2-18)
h r

2.2.3.2 Bending — Allowable tensile stresses for
masonry elements subjected to out-of-plane or in-plane
bending shall be in accordance with the values in Table
2.2.3.2. For grouted stack bond masonry, tension parallel
to the bed joints shall be assumed to be resisted only by
the minimum cross-sectional area of continuous grout that
is parallel to the bed joints.

2.2.4  Axial tension

The tensile strength of unreinforced masonry shall be
neglected in design when the masonry is subjected to axial
tension forces.

225  Shear
2.2.5.1 Shear stresses due to forces acting in the
direction considered shall be computed in accordance with
Section 1.9.1 and determined by Eq. (2-19).

(2-19)

2.2.5.2 In-plane shear stresses shall not exceed
any of:

@ 1.5./f)

(b) 120 psi (827 kPa)

(c¢) For running bond masonry not grouted solid;
37 psi + 0.45 N, /4,

(d) For stack bond masonry with open end units and
grouted solid;

37 psi+0.45 N, /A,
(e) For running bond masonry grouted solid;
60 psi + 0.45 N, /4,

(f) For stack bond masonry other than open end units
grouted solid;

15 psi (103 kPa)
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Table 2.2.3.2 — Allowable flexural tensile stresses for clay and concrete masonry, psi (kPa)

Mortar types
Direction of flexural tensile
stress and masonry type Portland cement/lime or Masonry cement or air entrained
mortar cement portland cement/lime
Mor S N Mor S N
Normal to bed joints
Solid units 40 (276) 30 (207) 24 (166) 15 (103)
Hollow units'
Ungrouted 25 (172) 19 (131) 15 (103) 9 (62)
Fully grouted 65 (448) 63 (434) 61 (420) 58 (400)
Parallel to bed joints in running
bond
Solid units 80 (552) 60 (414) 48 (331) 30 (207)
Hollow units
Ungrouted and partially 50 (345) 38 (262) 30 (207) 19 (131)
grouted
Fully grouted 80 (552) 60 (414) 48 (331) 30 (207)
Parallel to bed joints in stack
bond
Continuous grout section 100 (690) 100 (690) 100 (690) 100 (690)
parallel to bed joints
Other 0(0) 0(0) 0(0) 0(0)

For partially grouted masonry, allowable stresses shall be determined on the basis of linear interpolation between fully grouted hollow
units and ungrouted hollow units based on amount (percentage) of grouting.
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2.3 — Reinforced masonry

2.3.1  Scope
This section provides requirements for the design
of structures neglecting the contribution of tensile strength
of masonry, except as provided in Section 2.3.5.

2.3.2  Steel reinforcement — Allowable stresses
2.3.2.1 Tension —  Tensile stress in
reinforcement shall not exceed the following:

(a) Grade 40 or Grade 50 reinforcement
.............................................. 20,000 psi (137.9 MPa)

(b) Grade 60 reinforcement ...... 24,000 psi (165.5 MPa)

(c) Wire joint reinforcement .....30,000 psi (206.9 MPa)

2.3.2.2 Compression
2.3.2.2.1 The compressive resistance of steel
reinforcement  shall be neglected unless lateral
reinforcement is provided in compliance with the
requirements of Section 1.14.1.3.

2.3.2.2.2 Compressive stress in reinforcement
shall not exceed the lesser of 0.4 f, or 24,000 psi
(165.5 MPa).

2.3.3  Axial compression and flexure
2.3.3.1 Members subjected to axial
compression, flexure, or combined axial compression and
flexure shall be designed in compliance with Sections
2.3.3.2 through 2.3.3.4.

2.3.3.2 Allowable forces and stresses
2.3.3.2.1 The compressive force in

reinforced masonry due to axial load only shall not exceed
that given by Eq. (2-20) or Eq. (2-21):

(a) For members having an A/ ratio not greater than

99:
h 2
140rj } (2-20)

(b) For members having an /4/r ratio greater than 99:

P, =(0.25f, 4, +0.654,F, )[1 - [

2
P,=(0.25/. A4, +0.654,,F, )(%j (2-21)

2.3.3.2.2 The compressive stress in masonry
due to flexure or due to flexure in combination with axial
load shall not exceed ('/3) f ' provided the calculated
compressive stress due to the axial load component, f,,
does not exceed the allowable stress, F,, in Section
2.2.3.1.

2.3.3.3 Beams — Length of bearing of beams on
their supports shall be a minimum of 4 in. (102 mm) in the
direction of span.

2.3.3.4 Walls — Special reinforced masonry shear
walls having a shear span ratio, M/Vd, equal to or greater
than 1.0 and having an axial load, P, greater than
0.05f%,4,, which are subjected to in-plane forces, shall
have a maximum ratio of flexural tensile reinforcement,
Pmax, DOt greater than that computed as follows:

o

2fy(n+j:2j

The maximum reinforcement ratio does not apply in
the out-of-plane direction.

2.3.4  Axial tension and flexural tension
Axial tension and flexural tension shall be
resisted entirely by steel reinforcement.

23.5  Shear
2.3.5.1 Members that are not subjected to
flexural tension shall be designed in accordance with the
requirements of Section 2.2.5 or shall be designed in
accordance with the following:

Prnax = (2-22)

2.3.5.1.1 Reinforcement shall be provided in
accordance with the requirements of Section 2.3.5.3.

2.3.5.1.2 The calculated shear stress, f,,
shall not exceed F,,, where F, is determined in accordance
with Section 2.3.5.2.3.

2.3.5.2 Members subjected to flexural tension
shall be reinforced to resist the tension and shall be
designed in accordance with the following:

2.3.5.2.1 Calculated shear stress in the
masonry shall be determined by the relationship:
vV
=— 2-23
e (2-23)
2.3.5.2.2Where reinforcement is not

provided to resist all of the calculated shear, f, shall not
exceed F,, where:

(a) for flexural members

F = \r (2-24)
but shall not exceed 50 psi (345 kPa).
(b) for shear walls,
where, M/Vd < 1,
F,= (44—t vl 1 (2-25)
but shall not exceed 80 — 45(M/Vd) psi
where, M/Vd > 1,
F = f (2-26)

but shall not exceed 35 psi (241 kPa).
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2.3.5.2.3 Where shear reinforcement is
provided in accordance with Section 2.3.5.3 to resist the
entire calculated shear, f, shall not exceed F,, where:

(a) for flexural members:

F,=3.0f) (2-27)
but shall not exceed 150 psi (1034 kPa).
(b) for shear walls:
where, M/Vd < 1,
F,=(%)[4- vl 1, (2-28)
but shall not exceed 120 — 45(M/Vd) psi
where M/Vd > 1,
F,=1.5.f! (2-29)

but shall not exceed 75 psi (517 kPa).

2.3.5.2.4 The ratio M/Vd shall always be
taken as a positive number.

2.3.5.3 Minimum area of shear reinforcement
required by Section 2.3.5.1 or 2.3.5.2.3 shall be
determined by the following:

_ Vs

2-30
" Fd (230

2.3.5.3.1 Shear reinforcement shall be
provided parallel to the direction of applied shear force.
Spacing of shear reinforcement shall not exceed the lesser
of d/2 or 48 in. (1219 mm).

2.3.5.3.2 Reinforcement shall be provided
perpendicular to the shear reinforcement and shall be at
least equal to one-third 4,. The reinforcement shall be
uniformly distributed and shall not exceed a spacing of 8 ft
(2.44 m).

2.3.54 In composite masonry walls, shear
stresses developed in the planes of interfaces between
wythes and filled collar joints or between wythes and
headers shall meet the requirements of Section 2.1.5.2.2.

2.3.5.5 In cantilever beams, the maximum shear
shall be used. In noncantilever beams, the maximum shear
shall be used except that sections located within a distance
d/2 from the face of support shall be designed for the same
shear as that computed at a distance d/2 from the face of
support when the following conditions are met:

(a) support reaction, in direction of applied shear force,
introduces compression into the end regions of
member, and

(b) no concentrated load occurs between face of support
and a distance d/2 from face.
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CHAPTER 3
STRENGTH DESIGN OF MASONRY

3.1 — General

3.1.1  Scope

This Chapter provides minimum requirements for
strength design of masonry. Masonry design by the
strength design method shall comply with the
requirements of Chapter 1, Section 3.1, and either
Section 3.2 or 3.3.

3.1.2  Required strength

Required strength shall be determined in accordance
with the strength design load combinations of the legally
adopted building code. When the legally adopted
building code does not provide factored load
combinations, structures and members shall be designed
to resist the combination of loads specified in ASCE 7
for strength design. Members subject to compressive
axial load shall be designed for the factored moment
accompanying the factored axial load. The factored
moment, M, , shall include the moment induced by
relative lateral displacement.

3.1.3  Design strength

Masonry members shall be proportioned so that the
design strength equals or exceeds the required strength.
Design strength is the nominal strength multiplied by the
strength-reduction factor, ¢, as specified in Section 3.1.4.

3.1.4  Strength-reduction factors
3.1.4.1 Combinations of flexure and axial load
in reinforced masonry — The value of ¢ shall be taken
as 0.90 for reinforced masonry subjected to flexure, axial
load, or combinations thereof.

3.1.4.2 Combinations of flexure and axial load
in unreinforced masonry — The value of ¢ shall be taken
as 0.60 for unreinforced masonry subjected to flexure,
axial load, or combinations thereof.

3.1.4.3 Shear — The value of ¢ shall be taken
as 0.80 for masonry subjected to shear.

3.1.4.4 Anchor bolts — For cases where the
nominal strength of an anchor bolt is controlled by
masonry breakout, by masonry crushing, or by anchor
bolt pryout, ¢ shall be taken as 0.50. For cases where the
nominal strength of an anchor bolt is controlled by
anchor bolt steel, ¢ shall be taken as 0.90. For cases
where the nominal strength of an anchor bolt is
controlled by anchor pullout, ¢ shall be taken as 0.65.

3.1.4.5 Bearing — For cases
bearing on masonry, ¢ shall be taken as 0.60.

involving

3.1.5  Deformation requirements
3.1.5.1 Deflection of unreinforced (plain)
masonry — Deflection calculations for unreinforced
(plain) masonry members shall be based on uncracked
section properties.

3.1.5.2 Deflection of reinforced masonry —
Deflection calculations for reinforced masonry members
shall consider the effects of cracking and reinforcement
on member stiffness. The flexural and shear stiffness
properties assumed for deflection calculations shall not
exceed one-half of the gross section properties, unless a
cracked-section analysis is performed.

3.1.6  Anchor bolts embedded in grout
3.1.6.1 Design requirements — Anchor bolts
shall be designed using either the provisions of 3.1.6.2
or, for headed and bent-bar anchor bolts, by the
provisions of Section 3.1.6.3.

3.1.6.2 Nominal strengths determined by test
3.1.6.2.1 Anchor bolts shall be tested in
accordance with ASTM E488, except that a minimum of
five tests shall be performed. Loading conditions of the test
shall be representative of intended use of the anchor bolt.

3.1.6.2.2 Anchor bolt nominal strengths
used for design shall not exceed 65 percent of the
average failure load from the tests.

3.1.6.3 Nominal strengths determined by
calculation for headed and bent-bar anchor bolts —
Nominal strengths of headed and bent-bar anchor bolts
embedded in grout shall be determined in accordance with
the provisions of Sections 3.1.6.3.1 through 3.1.6.3.3.

3.1.6.3.1 Nominal tensile strength of
headed and bent-bar anchor bolts — The nominal axial
tensile strength of headed anchor bolts shall be computed
using the provisions of Sections 3.1.6.3.1.1. The nominal
axial tensile strength of bent-bar anchor bolts shall be
computed using the provisions of Section 3.1.6.3.1.2.

3.1.6.3.1.1 Nominal  axial  tensile
strength of headed anchor bolts — The nominal axial tensile
strength, B,,, of headed anchor bolts embedded in grout shall
be determined by Eq. (3-1) (nominal axial tensile strength
governed by masonry breakout) or Eq. (3-2) (nominal axial
tensile strength governed by steel yielding). The nominal
axial tensile strength, B,,, shall be the smaller of the values
obtained from Egs. (3-1) and (3-2).

Banb :4Apt fm

Bans = Abfy

(-1

(3-2)

%
(8}
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3.1.6.3.1.2 Nominal axial tensile
strength of bent-bar anchor bolts — The nominal axial
tensile strength, B,,, for bent-bar anchor bolts embedded
in grout shall be determined by Eq. (3-3) (nominal axial
tensile strength governed by masonry breakout), Eq. (3-
4) (nominal axial tensile strength governed by anchor
bolt pullout), or Eq. (3-5) (nominal axial tensile strength
governed by steel yielding). The nominal axial tensile
strength, B,,, shall be the smallest of the values obtained
from Egs. (3-3), (3-4) and (3-5).

Banb = 4Apt Vfr; (3-3)
B, = 15f,emd, + 300z(l,+ e, + d,)d, (3-4)
Bans = Abfy (3-5)

3.1.6.3.2 Nominal shear strength of
headed and bent-bar anchor bolts — The nominal shear
strength, B,,, of headed and bent-bar anchor bolts shall
be determined by Eq. (3-6) (nominal shear strength
governed by masonry breakout), Eq. (3-7) (nominal
shear strength governed by masonry crushing), Eq. (3-8)
(nominal shear strength governed by anchor bolt pryout)
or Eq. (3-9) (nominal shear strength governed by steel
yielding). The nominal shear strength B,,, shall be the
smallest of the values obtained from Egs. (3-6), (3-7),
(3-8) and (3-9).

anb = 4Apv \V f};’l (3'6)
B,,. =1050% 1", 4, (3-7)
var’y = 2'OBanb = 8Apt Vfr;q (3'8)
ans = O6Abf) (3-9)

3.1.6.3.3 Combined axial tension and
shear — Anchor bolts subjected to axial tension in
combination with shear shall satisfy Eq. (3-10).

b b
U S (3-10)
¢Ban ¢ BV}'I

3.1.7  Nominal bearing strength

The nominal bearing strength of masonry shall be
computed as 0.60 f 7, multiplied by the bearing area, 4,,,
as defined in Section 1.9.5.

3.1.8  Material properties
3.1.8.1 Compressive strength

3.1.8.1.1 Masonry compressive strength
— The specified compressive strength of masonry, f /7,
shall equal or exceed 1,500 psi (10.34 MPa). The value
of 7, used to determine nominal strength values in this
chapter shall not exceed 4,000 psi (27.58 MPa) for
concrete masonry and shall not exceed 6,000 psi (41.37
MPa) for clay masonry.

3.1.8.1.2 Grout compressive strength —
For concrete masonry, the specified compressive
strength of grout, /., shall equal or exceed the specified
compressive strength of masonry, f',, but shall not
exceed 5,000 psi (34.47 MPa). For clay masonry, the
specified compressive strength of grout, f',, shall not
exceed 6,000 psi (41.37 MPa).

3.1.8.2 Masonry modulus of rupture— The
modulus of rupture, f., for masonry elements subjected
to out-of-plane or in-plane bending shall be in
accordance with the values in Table 3.1.8.2. For grouted
stack bond masonry, tension parallel to the bed joints
shall be assumed to be resisted only by the minimum
cross-sectional area of continuous grout that is parallel to
the bed joints.

3.1.8.3 Reinforcement strength — Masonry
design shall be based on a reinforcement strength equal
to the specified yield strength of reinforcement, f,, which
shall not exceed 60,000 psi (413.7 MPa). The actual
yield strength shall not exceed 1.3 multiplied by the
specified yield strength. The compressive resistance of
steel reinforcement shall be neglected unless lateral
reinforcement is provided in compliance with the
requirements of Section 1.14.1.3.
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Table 3.1.8.2 — Modulus of rupture, f,, psi (kPa)

Direction of flexural tensile stress Mortar types
and masonry type
Portland cement/lime or mortar Masonry cement or air
cement entrained portland cement/lime
Mor S N Mor S N
Normal to bed joints in running or
stack bond
Solid units 100 (689) 75 (517) 60 (413) 38 (262)
Hollow units'
Ungrouted 63 (431) 48 (331) 38 (262) 23 (158)
Fully grouted 163 (1124) 158 (1089) 153 (1055) 145 (1000)
Parallel to bed joints in running bond
Solid units 200 (1379) 150 (1033) 120 (827) 75 (517)
Hollow units
Ungrouted and partially grouted 125 (862) 95 (655) 75 (517) 48 (331)
Fully grouted 200 (1379) 150 (1033) 120 (827) 75 (517)
Parallel to bed joints in stack bond
Continuous grout section parallel | 250 (1734) 250 (1734) 250 (1734) 250 (1734)
to bed joints
Other 0(0) 0(0) 0(0) 0(0)

" For partially grouted masonry, modulus of rupture values shall be determined on the basis of linear interpolation between
fully grouted hollow units and ungrouted hollow units based on amount (percentage) of grouting.
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3.2 —Unreinforced (plain) masonry

3.2.1  Scope

The requirements of Section 3.2 are in addition to the
requirements of Chapter 1 and Section 3.1 and govern masonry
design in which masonry is used to resist tensile forces.

3.2.1.1 Strength for vresisting loads —
Unreinforced (plain) masonry members shall be designed
using the strength of masonry units, mortar, and grout in
resisting design loads.

3.2.1.2 Strength contribution from
reinforcement — Stresses in reinforcement shall not be
considered effective in resisting design loads.

3.2.1.3 Design criteria — Unreinforced (plain)
masonry members shall be designed to remain uncracked.

3.2.2  Flexural and axial strength of unreinforced
(plain) masonry members

3.2.2.1 Design assumptions — The following
assumptions shall apply when determining the flexural and
axial strength of unreinforced (plain) masonry members:

(a) Strength design of members for factored flexure and
axial load shall be in accordance with principles of
engineering mechanics.

(b) Strain in masonry shall be directly proportional to the
distance from the neutral axis.

(c) Flexural tension in masonry shall be assumed to be
directly proportional to strain.

(d) Flexural compressive stress in combination with axial
compressive stress in masonry shall be assumed to be
directly proportional to strain.

3.2.2.2 Nominal strength — The nominal strength
of unreinforced (plain) masonry cross-sections for combined
flexure and axial loads shall be determined so that:

(a) the compressive stress does not exceed 0.80 1.

(b) the tensile stress does not exceed the modulus of
rupture determined from Section 3.1.8.2.

3.2.2.3 Nominal axial strength — The nominal
axial strength, P,, shall not be taken greater than the
following:

(a) For members having an A/r ratio not greater than 99:

h 2
P, =0.8040.804, £ 1—(—j
1407

(b) For members having an A/r ratio greater than 99:

2
P, = 0.80{0.8014” 1 (%j }

(3-11)

(3-12)

3.2.2.4 P-Delta effects

3.2.2.4.1 Members shall be designed for the
factored axial load, P, and the moment magnified for the
effects of member curvature, M..

3.2.2.4.2 The magnified moment, M,, shall
be determined either by a second-order analysis, or by a
first-order analysis and Eqgs. (3-13) and (3-14).

M,.=0M, (3-13)
5= ! (3-14)
= Pu
1- 2
' 70r
Anfmf'm (hj

3.2.2.4.3 It shall be permitted to take 6 = 1
for members in which A/r <45.

3.2.2.4.4 1t shall be permitted to take 0 = 1
for members in which 45<A/r <60, provided the
nominal strength defined in Section 3.2.2.2 is reduced by
10 percent.

3.2.3 Axial tension — The tensile strength of
unreinforced masonry shall be neglected in design when
the masonry is subjected to axial tension forces.

3.2.4  Nominal shear strength — Nominal shear
strength, V,, shall be the smallest of (a), (b) and the
applicable condition of (¢) through (f):

(@) 3.84,+fn
(b) 3004,
(¢) For running bond masonry not solidly grouted;

564, +0.45N,

(d) For stack bond masonry with open end units and
grouted solid;

564, +0.45N,

(e) For running bond masonry grouted solid;

904, +0.45N,

(f) For stack bond other than open end units grouted
solid;

234

n
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3.3 — Reinforced masonry

3.3.1  Scope

The requirements of this Section are in addition to the
requirements of Chapter 1 and Section 3.1 and govern
masonry design in which reinforcement is used to resist
tensile forces.

3.3.2  Design assumptions
The following assumptions apply to the design of
reinforced masonry:

(a) There is strain continuity between the reinforcement,
grout, and masonry so that loads are resisted in a
composite manner.

(b) The nominal strength of reinforced masonry cross-
sections for combined flexure and axial load shall be
based on applicable conditions of equilibrium.

(c) The maximum usable strain, g,,, at the extreme
masonry compression fiber shall be assumed to be
0.0035 for clay masonry and 0.0025 for concrete
masonry.

(d) Strain in reinforcement and masonry shall be assumed
to be directly proportional to the distance from the
neutral axis.

() Compression and tension stress in reinforcement shall
be taken as E; multiplied by the steel strain, but not
greater than f;,.

(f) The tensile strength of masonry shall be neglected in
calculating flexural strength but shall be considered in
calculating deflection.

(g) The relationship between masonry compressive stress
and masonry strain shall be assumed to be defined by
the following:

Masonry stress of 0.80 f'/, shall be assumed
uniformly distributed over an equivalent compression
stress block bounded by edges of the cross section and
a straight line located parallel to the neutral axis and
located at a distance ¢ = 0.80 ¢ from the fiber of
maximum compressive strain. The distance ¢ from the
fiber of maximum strain to the neutral axis shall be
measured perpendicular to the neutral axis.

3.3.3  Reinforcement requirements and details
3.3.3.1 Reinforcing bar size limitations —
Reinforcing bars used in masonry shall not be larger than
No. 9 (M#29). The nominal bar diameter shall not exceed
one-eighth of the nominal member thickness and shall not
exceed one-quarter of the least clear dimension of the cell,
course, or collar joint in which the bar is placed. The area of
reinforcing bars placed in a cell or in a course of hollow unit

construction shall not exceed 4 percent of the cell area.

3.3.3.2 Standard hooks — The equivalent
embedment length to develop standard hooks in tension,
I, , shall be determined by Eq. (3-15):

1, =13d, (3-15)

3.3.3.3 Development — The required tension or
compression reinforcement shall be developed in
accordance with the following provisions:

The required development length of reinforcement
shall be determined by Eq. (3-16), but shall not be less
than 12 in. (305 mm).

0.13d,>f,7

Iy f—K\/Z

K shall not exceed the smallest of the following: the
minimum masonry clear cover, the clear spacing between
adjacent reinforcement splices, and 5 d, .

1.0 for No. 3 (M#10) through No. 5 (M#16) bars;
1.3 for No. 6 (M#19) through No. 7 (M#22) bars;

(3-16)

v
v

and

y = 1.5 for No. 8 (M#25) through No. 9 (M#29) bars.

Development length of epoxy-coated reinforcing bars
shall be taken as 150 percent of the length determined by
Eq. (3-16).

3.3.3.3.1 Bars spliced by noncontact lap
splices shall not be spaced farther apart than one-fifth the
required length of lap nor more than § in. (203 mm).

3.3.3.3.2 Shear reinforcement shall extend
the depth of the member less cover distances.

3.3.3.3.2.1 Except at wall intersections,
the end of a horizontal reinforcing bar needed to satisfy
shear strength requirements of Section 3.3.4.1.2 shall be
bent around the edge vertical reinforcing bar with a 180-
degree hook. The ends of single-leg or U-stirrups shall be
anchored by one of the following means:

(a) A standard hook plus an effective embedment of /,/2.
The effective embedment of a stirrup leg shall be taken
as the distance between the mid-depth of the member,
d/2, and the start of the hook (point of tangency).

(b) For No. 5 (M #16) bars and smaller, bending around
longitudinal reinforcement through at least 135
degrees plus an embedment of [/3. The [,/3
embedment of a stirrup leg shall be taken as the
distance between mid-depth of the member, d/2, and
the start of the hook (point of tangency).

(¢) Between the anchored ends, each bend in the
continuous portion of a transverse U-stirrup shall
enclose a longitudinal bar.
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3.3.3.3.22 At wall intersections,
horizontal reinforcing bars needed to satisfy shear strength
requirements of Section 3.3.4.1.2 shall be bent around the
edge vertical reinforcing bar with a 90-degree standard hook
and shall extend horizontally into the intersecting wall a
minimum distance at least equal to the development length.

3.3.3.4 Splices — Reinforcement splices shall
comply with one of the following:

(a) The minimum length of lap for bars shall be 12 in.
(305 mm) or the development length determined by
Eq. (3-16), whichever is greater.

(b) A welded splice shall have the bars butted and welded
to develop at least 125 percent of the yield strength,
J», of the bar in tension or compression, as required.

(¢) Mechanical splices shall have the bars connected to
develop at least 125 percent of the yield strength, f;,
of the bar in tension or compression, as required.

3.3.3.5 Maximum area of flexural tensile
reinforcement
3.3.3.5.1 For masonry members where

M,JV,d,> 1, the cross-sectional area of flexural tensile
reinforcement shall not exceed the area required to
maintain axial equilibrium under the following conditions:

(a) A strain gradient shall be assumed, corresponding to a
strain in the extreme tensile reinforcement equal to 1.5
multiplied by the yield strain and a maximum strain in
the masonry as given by 3.3.2(c).

(b) The design assumptions of Section 3.3.2 shall apply.

(c) The stress in the tension reinforcement shall be taken
as the product of the modulus of elasticity of the steel
and the strain in the reinforcement, and need not be
taken as greater than f; .

(d) Axial forces shall be taken from the loading
combination given by D + 0.75L + 0.5250;.

(e) The effect of compression reinforcement, with or
without lateral restraining reinforcement, shall be
permitted to be included for purposes of calculating
maximum flexural tensile reinforcement.

3.3.3.5.2 For intermediate reinforced
masonry shear walls subject to in-plane loads where
M,/V.d,> 1, a strain gradient corresponding to a strain in
the extreme tensile reinforcement equal to 3 multiplied by
the yield strain and a maximum strain in the masonry as
given by 3.3.2(c) shall be used. For intermediate
reinforced masonry shear walls subject to out-of-plane
loads, the provisions of Section 3.3.3.5.1 shall apply.

3.3.3.5.3 For special reinforced masonry
shear walls subject to in-plane loads where M,/V,d,> 1, a
strain gradient corresponding to a strain in the extreme
tensile reinforcement equal to 4 multiplied by the yield

strain and a maximum strain in the masonry as given by
3.3.2(c) shall be used. For special reinforced masonry
shear walls subject to out-of-plane loads, the provisions of
Section 3.3.3.5.1 shall apply.

3.3.3.5.4 For masonry members where
M,/V,d, <1 and when designed using R < 1.5, there is no
upper limit to the maximum flexural tensile reinforcement.
For masonry members where M,/V,d, < 1 and when
designed using R > 1.5, the provisions of Section 3.3.3.5.1
shall apply.

3.3.3.6 Bundling of reinforcing bars —
Reinforcing bars shall not be bundled.

3.3.4  Design of beams, piers, and columns

Member design forces shall be based on an analysis that
considers the relative stiffness of structural members. The
calculation of lateral stiffness shall include the contribution
of all beams, piers, and columns. The effects of cracking on
member stiffness shall be considered.

3.3.4.1 Nominal strength

3.3.4.1.1 Nominal  axial and  flexural
strength — The nominal axial strength, P,, and the nominal
flexural strength, M,, of a cross section shall be determined
in accordance with the design assumptions of Section 3.3.2
and the provisions of Section 3.3.4.1. Using the slenderness-
dependent modification factors of Eq. (3-17) [1-(4/140r)%)]
and Eq. (3-18) (70r/h)*, as appropriate, the nominal axial
strength shall be modified for the effects of slenderness. The
nominal flexural strength at any section along a member shall
not be less than one-fourth of the maximum nominal flexural
strength at the critical section.

The nominal axial compressive strength shall not
exceed Eq. (3-17) or Eq. (3-18), as appropriate.

(a) For members having an A/r ratio not greater than 99:

. . h YA
P, =0.80[0.80 £, (4, — 4, )+ £,4,,] {1_(Wj } (3-17)

r

(b) For members having an //r ratio greater than 99:

2
P, =0.80[0.80 1, (4, — 4, )+ £, 4, ](%j (3-18)

3.3.4.1.2 Nominal shear strength —
Nominal shear strength, 7, shall be computed using Eq.
(3-19) and either Eq. (3-20) or Eq. (3-21), as appropriate.

V=V Vs (3-19)
where V, shall not exceed the following:

(a) Where M,/V, d, <0.25:
V, <64, fm (3-20)
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(b) Where M,/V, d, > 1.00

V, <4d,\[f1

(¢) The maximum value of V, for M,/V, d, between 0.25
and 1.0 shall be permitted to be linearly interpolated.

3.3.4.1.2.1 Nominal masonry shear
strength — Shear strength provided by the masonry, V,,,,
shall be computed using Eq. (3-22):

(3-21)

M .
Vim :{4.0—1.75(1/; HAH fm +025P, (3-22)

u—-v

M,/(V, d,) need not be taken greater than 1.0.

3.34.1.2.2 The value of M,/(V, d,) shall
be taken as a positive number.

3.3.4.1.2.3 Nominal shear strength
provided by reinforcement — Nominal shear strength
provided by shear reinforcement, V,, shall be computed
as follows:

A
Vs :O.S( jf) d,

v
N

(3-23)

3.3.4.2 Beams — Design of beams shall meet
the requirements of Section 1.13 and the additional
requirements of Section 3.3.4.2.

3.3.4.2.1 Members designed primarily to
resist flexure shall comply with the requirements of
Section 3.3.4.2. The factored axial compressive force on a
beam shall not exceed 0.05 4, /", .

3.3.4.2.2 Longitudinal reinforcement

3.3.4.2.2.1 The variation in longitudinal
reinforcing bars in a beam shall not be greater than one bar
size. Not more than two bar sizes shall be used in a beam.

3.3.4.2.2.2 The nominal flexural
strength of a beam shall not be less than 1.3 multiplied by
the nominal cracking moment of the beam, M,.. The
modulus of rupture, f., for this calculation shall be
determined in accordance with Section 3.1.8.2.

3.3.4.2.2.3 The requirements of Section
3.3.4.2.2.2 need not be applied if at every section the area
of tensile reinforcement provided is at least one-third
greater than that required by analysis.

3.3.4.2.3 Transverse reinforcement — Transverse
reinforcement shall be provided where V, exceeds ¢ V.
The factored shear, V,, shall include the effects of lateral
load. When transverse reinforcement is required, the
following provisions shall apply:

(a) Transverse reinforcement shall be a single bar with a
180-degree hook at each end.

(b) Transverse reinforcement shall be hooked around the
longitudinal reinforcement.

(¢) The minimum area of transverse reinforcement shall
be 0.0007 bd, .

(d) The first transverse bar shall not be located more than one-
fourth of the beam depth, d,,, from the end of the beam.

(¢) The maximum spacing shall not exceed one-half the
depth of the beam nor 48 in. (1219 mm).

3.3.4.2.4 Construction — Beams shall be
grouted solid.

3.3.4.2.5 Dimensional limits — The nominal
depth of a beam shall not be less than 8 in. (203 mm).

3.3.4.3 Piers
3.3.4.3.1 The factored axial compression
force on piers shall not exceed 0.3 4, f",, .

3.3.4.3.2 Longitudinal reinforcement — A
pier subjected to in-plane stress reversals shall be reinforced
symmetrically about the neutral axis of the pier. Longitudinal
reinforcement of piers shall comply with the following:

(a) At least, one bar shall be provided in each end cell.

(b) The minimum area of longitudinal reinforcement shall
be 0.0007 bd.

3.3.4.3.3 Dimensional limits — Dimensions
shall be in accordance with the following:

(a) The nominal thickness of a pier shall not exceed 16 in.
(406 mm).

(b) The distance between lateral supports of a pier shall
not exceed 25 multiplied by the nominal thickness of
a pier except as provided for in Section 3.3.4.3.3(c).

(c) When the distance between lateral supports of a pier
exceeds 25 multiplied by the nominal thickness of the
pier, design shall be based on the provisions of
Section 3.3.5.

(d) The nominal length of a pier shall not be less than
three multiplied by its nominal thickness nor greater
than six multiplied by its nominal thickness. The clear
height of a pier shall not exceed five multiplied by its
nominal length.

Exception: When the factored axial force at the
location of maximum moment is less than 0.05 /', 4,,
the length of a pier shall be permitted to be equal to
the thickness of the pier.

3.3.4.4 Columns — Design of columns shall
meet the requirements of Section 1.14 and the additional
requirements of Section 3.3.4.4.

3.3.4.4.1 Construction — Columns shall be
solid grouted.
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3.3.4.4.2 Dimensional limits — Dimensions
shall be in accordance with the following:

(a) The distance between lateral supports of a column
shall not exceed 30 multiplied by its nominal width.

(b) The nominal depth of a column shall not be less than
8 in. (203 mm) and not be greater than three
multiplied by its nominal width.

3.3.5  Wall design for out-of-plane loads
3.3.5.1 Scope — The requirements of Section
3.3.5 are for the design of walls for out-of-plane loads.

3.3.5.2 Moment and deflection calculations —
Moment and deflection calculations in Sections 3.3.5.3
and 3.3.5.4 are based on simple support conditions top and
bottom. For other support and fixity conditions, moments
and deflections shall be calculated using established
principles of mechanics.

3.3.5.3 Walls with factored axial stress of
0.20 f"',, or less — The procedures set forth in this Section
shall be used when the factored axial load stress at the
location of maximum moment satisfies the requirement
computed by Eq. (3-24).

P
“1<0.20 1,
Ag

When the slenderness ratio, A/t, exceeds 30, the
factored axial stress shall not exceed 0.05f",,.

(3-24)

Factored moment and axial force shall be determined
at the midheight of the wall and shall be used for design.
The factored moment, M, , at the midheight of the wall
shall be computed using Eq. (3-25).

h 2

M, =2 1 p,Sips, (3-25)
8 )

Where:

Pu = Puw + Puf (3'26)

The deflection due to factored loads (J,) shall be
obtained using Eq. (3-31) and (3-32) and replacing M,
with M, and gwith §,.

The design strength for out-of-plane wall loading shall
be in accordance with Eq. (3-27).

M,<¢M, (3-27)

The nominal moment shall be calculated using Eqgs.
(3-28) and (3-29) if the reinforcing steel is placed in the
center of the wall.

M, =(4,5,+P, (d—%j (3-28)

a= (P“+—Aslfy) (3-29)
0.80f1,,0

The nominal shear strength shall be determined by
Section 3.3.4.1.2.

3.3.5.4 Deflections — The horizontal midheight
deflection, &, under service lateral and service axial loads
(without load factors) shall be limited by the relation:

0, <0.007 h (3-30)
P-delta effects shall be included in deflection

calculation. The midheight deflection shall be computed
using either Eq. (3-31) or Eq. (3-32), as applicable.

(a) Where M., <M.,

M. h*
= M oorh” (3-31)
' 48E,I,
(b) Where Mcr < Mser < M1
2 _ 2
— SMCrh + 5 (MSL’F Mcr ) h (3_32)

! 48E,1, 48E,1,,
The cracking moment of the wall shall be computed using
the modulus of rupture, £,, taken from Table 3.1.8.2.

3.3.6  Wall design for in-plane loads

3.3.6.1 Scope — The requirements of Section
3.3.6 are for the design of walls to resist in-plane loads.

3.3.6.2 Reinforcement — Reinforcement shall
be provided perpendicular to the shear reinforcement and
shall be at least equal to one-third 4,. The reinforcement
shall be uniformly distributed and shall not exceed a
spacing of 8 ft (2.44 m).

3.3.6.3 Flexural and axial strength — The
nominal flexural and axial strength shall be determined in
accordance with Section 3.3.4.1.1.

3.3.6.4 Shear strength — The nominal shear
strength shall be computed in accordance with Section
3.34.1.2.

3.3.6.5 The maximum reinforcement
requirements of Section 3.3.3.5 shall not apply if a shear
wall is designed to satisfy the requirements of 3.3.6.5.1
through 3.3.6.5.5.

3.3.6.5.1 Special boundary elements need not
be provided in shear walls meeting the following conditions:

1. P,<0.10 A4, for geometrically symmetrical
wall sections

P,<0.054,f ", for geometrically unsymmetrical
wall sections; and either



BUILDING CODE REQUIREMENTS FOR MASONRY STRUCTURES C-45

: M
3. V,<34,yf, and —-<3.0
VulW

3.3.6.5.2 The need for special boundary
elements at the edges of shear walls shall be evaluated in
accordance with Section 3.3.6.5.3 or 3.3.6.5.4. The
requirements of Section 3.3.6.5.5 shall also be satisfied.

3.3.6.5.3 This Section applies to walls
bending in single curvature in which the flexural limit state
response is governed by yielding at the base of the wall.
Walls not satisfying those requirements shall be designed
in accordance with Section 3.3.6.5.4

(a) Special boundary elements shall be provided over
portions of compression zones where:

ex b

600 (C,5,,/h,)
and ¢ is calculated for the P, given by ASCE 7
Strength Design Load Combination 5
(12D+1.0E+L+0.2S) or the -corresponding
strength design load combination of the legally
adopted building code, and the corresponding nominal
moment strength, M, , at the base critical section. The
load factor on L in Combination 5 is reducible to 0.5,
as per exceptions to Section 2.3.2 of ASCE 7.

(b) Where special boundary elements are required by
Section 3.3.6.5.3 (a), the special boundary element
reinforcement shall extend vertically from the critical
section a distance not less than the larger of /, or
M,/AV,.

3.3.6.5.4 Shear walls not designed by
Section 3.3.6.5.3 shall have special boundary elements at
boundaries and edges around openings in shear walls
where the maximum extreme fiber compressive stress,
corresponding to factored forces including earthquake
effect, exceeds 0.2 f',. The special boundary element
shall be permitted to be discontinued where the calculated
compressive stress is less than 0.15 f7,. Stresses shall be
calculated for the factored forces using a linearly elastic
model and gross section properties. For walls with flanges,
an effective flange width as defined in Section 1.9.4.2.3
shall be used.

3.3.6.5.5 Where special boundary elements
are required by Section 3.3.6.5.3 or 3.3.6.5.4, requirements
(a) through (d) in this section shall be satisfied and tests shall
be performed to verify the strain capacity of the element:

(a) The special boundary element shall extend
horizontally from the extreme compression fiber a
distance not less than the larger of (c - 0.1/,,) and ¢/2.

(b) In flanged sections, the special boundary element shall
include the effective flange width in compression and
shall extend at least 12 in. (305 mm) into the web.

(c) Special boundary element transverse reinforcement at
the wall base shall extend into the support a minimum
of the development length of the largest longitudinal
reinforcement in the boundary element unless the
special boundary element terminates on a footing or
mat, where special boundary element transverse
reinforcement shall extend at least 12 in. (305 mm)
into the footing or mat.

(d) Horizontal shear reinforcement in the wall web shall
be anchored to develop the specified yield strength, f;,,
within the confined core of the boundary element.
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CHAPTER 4
PRESTRESSED MASONRY

4.1 — General

4.1.1  Scope

This chapter provides requirements for design of
masonry walls that are prestressed with bonded or
unbonded prestressing tendons.

4.1.2 Walls shall be designed for strength
requirements and checked for service load requirements.

4.1.3  The wall provisions of Chapter 1 and Section
2.1 shall apply to prestressed masonry walls.

4.1.4  The provisions of Section 4.4.3 shall apply
for the computation of nominal moment strength.

4.1.5 Masonry shall be laid in running bond unless a
bond beam or other technique is used to distribute
anchorage forces.

4.2 — Design methods

4.2.1  General

Prestressed masonry members shall be designed by
elastic analysis using loading and load combinations in
accordance with the provisions of Sections 1.7 and 2.1.2,
except as noted in Section 4.4.3.

4.2.2  After transfer

Immediately after the transfer of prestressing force to
the masonry, limitations on masonry stresses given in this
chapter shall be based upon f”,; .

4.3 — Permissible stresses in prestressing tendons

4.3.1  Jacking force

The stress in prestressing tendons due to the jacking
force shall not exceed 0.94f,,, nor 0.80f,, nor the
maximum value recommended by the manufacturer of the
prestressing tendons or anchorages.

4.3.2  Immediately after transfer

The stress in the prestressing tendons immediately
after transfer of the prestressing force to the masonry shall
not exceed 0.82 f,,, nor 0.74 £, .

4.3.3  Post-tensioned masonry members

At the time of application of prestress, the stress in
prestressing tendons at anchorages and couplers shall not
exceed 0.78 f,, nor 0.70 f,, .

4.3.4  Effective prestress

The computed effective stress in the prestressing
tendons under service loads, f;., shall include the effects of
the following:

(a) anchorage seating losses,

(b) elastic shortening of masonry,

(c) creep of masonry,

(d) shrinkage of concrete masonry,

(e) relaxation of prestressing tendon stress,

(f) friction losses,

(g) irreversible moisture expansion of clay masonry, and

(h) thermal effects.

4.4 — Axial compression and flexure

4.4.1  General
4.4.1.1 Walls subjected to axial compression,
flexure, or to combined axial compression and flexure
shall be designed according to the provisions of Section
2.2.3, except as noted in Section 4.4.

4.4.1.2 The allowable compressive stresses due
to axial loads, F,, and flexure, F,, and the allowable axial
force in Eq. (2-14) shall be permitted to be increased by 20
percent for the stress condition immediately after transfer
of prestress.

4.4.1.3 Masonry shall not be subjected to
flexural tensile stress from the combination of prestressing
force and dead load.

4.4.2  Service load requirements
4.4.2.1 For walls with laterally unrestrained
prestressing tendons, the prestressing force, P, , shall be
included in the computation of the axial load, P, in Eq.
(2-14) and in the computation of the eccentricity of the

axial load, e, in Eq. (2-18).

4.4.2.2 For walls with laterally restrained
prestressing tendons, the prestressing force, P, , shall not
be considered for the computation of the axial load, P, in
Eq. (2-14). The prestressing force, P, , shall be considered
for the computation of the eccentricity of the axial
resultant load, e, in Eq. (2-18).

4.4.3  Strength requirements

4.4.3.1 Required strength shall be determined in
accordance with the factored load combinations of the legally
adopted building code. When the legally adopted building
code does not provide factored load combinations, structures
and members shall be designed to resist the combination of
loads specified in ASCE 7 for strength design. Walls subject
to compressive axial load shall be designed for the factored
design moment and the accompanying factored axial load.
The factored moment, M, , shall include the moment induced
by relative lateral displacement.
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4.4.3.2 Values of the response modification
coefficient (R) and the deflection amplification factor (C,),
indicated in ASCE 7 Table 12.2-1 for ordinary plain
(unreinforced) masonry shear walls shall be used in
determining base shear and design story drift.

4.4.3.3 The design moment strength shall be
taken as the nominal moment strength, M, , multiplied by a
strength-reduction factor (#) of 0.8.

4.4.3.4 For cross sections with uniform width, b,
over the depth of the compression zone, the depth of the

equivalent compression stress block, a, shall be
determined by the following equation:
_ fpSApS +fyAs +Pu (4_1)

0.80 £, b

For other cross sections, Eq. (4-1) shall be modified to
consider the variable width of compression zone.

4.4.3.5 For walls with (a) uniform width, b, (b)
concentric reinforcement and prestressing tendons, and (c)
concentric axial load, the nominal moment strength, M,,,
shall be computed by the following equation:

M, = (fPSAPS +fyAs +F, (d _%j (4-2)

4.4.3.5.1 The quantity a shall be computed
according to Section 4.4.3.4 and f,, shall be computed
according to Section 4.4.3.7.

4.4.3.5.2 The nominal moment strength for
other conditions shall be based on static moment
equilibrium principles.

4.4.3.5.3 The distance d shall be computed
as the actual distance from the centerline of the tendon to
the compression face of the member. For walls with
laterally unrestrained prestressing tendons and loaded out
of plane, d shall not exceed the face-shell thickness plus
one-half the tendon diameter plus 0.5 in. (12 mm).

4.4.3.5.4 When tendons are not placed in the
center of the wall, d shall be computed in each direction
for out-of-plane bending.

4.4.3.6 The ratio a/d shall not exceed 0.425.

4.43.7 Computation of f, for out-of-plane
bending
4.4.3.7.1 For walls with bonded prestressing
tendons, f, shall be computed based on strain
compatibility or shall be taken equal to f,,. Instead of a
more accurate determination of f,, for members with
unbonded prestressing tendons, the following equation
shall be used:

4.4.3.7.2 For walls with laterally restrained,
unbonded prestressing tendons,

d Soud
= 1,000,000 )| — | [1—1.4] 224225 | (4-3
S ps = S5 (1,000, )[ZJ [bdf,] (4-3)

m

4.4.3.7.3 For walls with
unrestrained, unbonded prestressing tendons,

laterally

f ps= [ 5o +(700,000) [lij 1-1 .4(?;—?] (4-4)

p m

4.4.3.7.4 In Eq. (4-3) and (4-4), the value of
Jps shall be not less than f;, and not larger than f,, .

4.4.3.8 Computation of f, for shear walls — For
walls with bonded prestressing tendons, f, shall be
computed based on strain compatibility or shall be taken
equal to f,, . Instead of a more accurate determination, f,, for
members with unbonded prestressing tendons shall be f;, .

4.5— Axial tension

Axial tension shall be resisted by reinforcement,
prestressing tendons, or both.

4.6 — Shear

4.6.1 For walls without bonded mild
reinforcement, nominal shear strength, V,, shall be
computed in accordance with Sections 3.2.4a, 3.2.4b,
3.2.4c, and 3.2.4e. N, shall include the effective prestress
force, A, fe -

4.6.2 For walls with bonded mild reinforcement,
nominal shear strength, V,, shall be computed in
accordance with Section 3.3.4.1.2.

4.6.2.1 Nominal masonry shear strength, V,,,
shall be computed in accordance with Sections 3.3.4.1.2.1
and 3.3.4.1.2.2. P, shall include the effective prestress
force, Ay fe -

4.6.2.2 Nominal shear strength provided by
reinforcement, V,;, shall be computed in accordance with
Section 3.3.4.1.2.3.

4.7 — Deflection

Computation of member deflection shall include
camber, the effects of time-dependent phenomena, and
P-delta effects.
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4.8 — Prestressing tendon
couplers, and end blocks

anchorages,

4.8.1  Prestressing tendons in masonry construction
shall be anchored by either:

(a) mechanical anchorage devices bearing directly on
masonry or placed inside an end block of concrete or
fully grouted masonry, or

(b) bond in reinforced concrete end blocks or members.

4.8.2  Anchorages and couplers for prestressing
tendons shall develop at least 95 percent of the specified
tensile strength of the prestressing tendons when tested in
an unbonded condition, without exceeding anticipated set.

4.8.3  Reinforcement shall be provided in masonry
members near anchorages if tensile stresses created by
bursting, splitting, and spalling forces induced by the
prestressing tendon exceed the capacity of the masonry.

4.8.4  Bearing stresses
4.8.4.1 In prestressing tendon anchorage
zones, local bearing stress on the masonry shall be
computed based on the contact surface between masonry
and the mechanical anchorage device or between masonry
and the end block.

4.8.4.2 Bearing stresses due to maximum
jacking force of the prestressing tendon shall not exceed
0.50f % -

4.9 — Protection of prestressing tendons and
accessories

4.9.1  Prestressing tendons, anchorages, couplers,
and end fittings in exterior walls exposed to earth or
weather, or walls exposed to a mean relative humidity
exceeding 75 percent, shall be corrosion-protected.

4.9.2  Corrosion protection of prestressing tendons
shall not rely solely on masonry cover.

49.3  Parts of prestressing tendons not embedded in
masonry shall be provided with mechanical and fire protection
equivalent to that of the embedded parts of the tendon.

4.10 — Development of bonded tendons

Development of bonded prestressing tendons in
grouted corrugated ducts, anchored in accordance with
Section 4.8.1, does not need to be calculated.
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CHAPTER 5
EMPIRICAL DESIGN OF MASONRY

5.1 — General

51.1  Scope
This chapter provides requirements for empirical
design of masonry.

5.1.1.1 The provisions of Chapter 1, excluding
Sections 1.2.2(c), 1.7, 1.8, and 1.9, shall apply to empirical
design, except as specifically stated here.

5.1.1.2 Article 1.4 of TMS 602/ACI 530.1/ASCE 6
shall not apply to empirically designed masonry.

5.1.2  Limitations
5.1.2.1 Gravity Loads — The resultant of
gravity loads shall be placed within the center third of the
wall thickness and within the central area bounded by lines
at one-third of each cross-sectional dimension of
foundation piers.

5.1.2.2 Seismic — Empirical requirements shall
not apply to the design or construction of masonry for
buildings, parts of buildings or other structures in Seismic
Design Categories D, E, or F as defined in ASCE 7, and
shall not apply to the design of the seismic-force-resisting
system for structures in Seismic Design Categories B or C.

5.1.2.3 Wind — Empirical requirements shall be
permitted to be applied to the design and construction of
masonry elements defined by Table 5.1.1, based on
building height and basic wind speed that are applicable to
the building.

5.1.2.4 Other horizontal loads — Empirical
requirements shall not apply to structures resisting
horizontal loads other than permitted wind or seismic
loads or foundation walls as provided in Section 5.6.3.

5.1.2.5 Glass unit masonry — The provisions of
Chapter 5 shall not apply to glass unit masonry.

5.1.2.6 AAC masonry — The provisions of
Chapter 5 shall not apply to AAC masonry.

5.2 — Height

Buildings relying on masonry walls as part of their
lateral load-resisting system shall not exceed 35 ft
(10.67 m) in height.

Table 5.1.1 Limitations based on building height and basic wind speed

Basic Wind Speed, mph (mps)’
. Building Over 90 (40) Over 100
Element Description ioht. fi Less thanor | 4'jess than (45)andless | Over 110
Height, ft (m) equal to 90
(40) or equal to- | than or equal (49)
100 (45) to 110 (49)
Masonry elements that are part of . Not
the lateral force-resisting system 35 (1) and less Permitted Permitted
Over 180 (55) Not Permitted
Over 60 (18) and
Interior masonry elements that are less than or equal | Permitted Not Permitted
not part of the lateral force-resisting to 180 (55)
system in buildings other than Over 35 (11) and
enclosed as defined by ASCE 7 less than or equal Permitted Not Permitted
to 60 (18)
35(11) and less Permitted Not Permitted
Over 180 (55) Not Permitted
) Over 60 (18) and
Exterior masonry elements thatare | Jegg than or equal | Permitted Not Permitted
not part of the lateral force-resisting to 180 (55)
system Over 35 (11) and
less than or equal Permitted Not Permitted
to 60 (18)
Exterior masonry elements 35(11) and less Permitted Not Permitted

"Basic wind speed as given in ASCE 7.
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5.3 — Lateral stability

53.1  Shear walls

Where the structure depends upon masonry walls for
lateral stability, shear walls shall be provided parallel to
the direction of the lateral forces resisted.

5.3.1.1 In each direction in which shear walls
are required for lateral stability, shear walls shall be
positioned in at least two separate planes parallel with the
direction of the lateral force. The minimum cumulative
length of shear walls provided along each plane shall be
0.2 multiplied by the long dimension of the building.
Cumulative length of shear walls shall not include
openings or any element whose length is less than one-half
its height.

5.3.1.2 Shear walls shall be spaced so that the
length-to-width ratio of each diaphragm transferring lateral
forces to the shear walls does not exceed values given in
Table 5.3.1.

5.3.2  Roofs

The roof construction shall be designed so as not to
impart out-of-plane lateral thrust to the walls under roof
gravity load.

5.4 — Compressive stress requirements

5.4.1  Calculations

Dead and live loads shall be in accordance with the
legally adopted building code of which this Code forms a
part, with such live load reductions as are permitted in the
legally adopted building code. Compressive stresses in
masonry due to vertical dead plus live loads (excluding
wind or seismic loads) shall be determined in accordance
with the following:

(a) Stresses shall be calculated based on specified dimensions.

(b) Calculated compressive stresses for single wythe
walls and for multiwythe composite masonry walls
shall be determined by dividing the design load by the
gross cross-sectional area of the member. The area of
openings, chases, or recesses in walls shall not be
included in the gross cross-sectional area of the wall.

5.4.2  Allowable compressive stresses

The compressive stresses in masonry shall not exceed
the values given in Table 5.4.2. In multiwythe walls, the
allowable stresses shall be based on the weakest
combination of the units and mortar used in each wythe.

5.5 — Lateral support

551  Maximum I/t and h/t

Masonry walls without openings shall be laterally
supported in either the horizontal or the vertical direction so
that //z or A/t does not exceed the values given in Table 5.5.1.

Masonry walls with single or multiple openings shall
be laterally supported in either the horizontal or vertical
direction so that //f or 4/t does not exceed the values given

in Table 5.5.1 divided by W, /Wy .

Ws is the dimension of the structural wall strip
measured perpendicular to the span of the wall strip and
perpendicular to the thickness as shown in Figure 5.5.1-1.
Ws is measured from the edge of the opening. W; shall be
no less than 3¢ on each side of each opening. Therefore, at
walls with multiple openings, jambs shall be no less than
6t between openings. For design purposes, the effective W
shall not be assumed to be greater than 6. At non-masonry
lintels, the edge of the opening shall be considered the
edge of the non-masonry lintel. Wy shall occur
uninterrupted over the full span of the wall.

Wr is the dimension, parallel to W, from the center of
the opening to the opposite end of Wy as shown in Figure
5.5.1-1. Where there are multiple openings perpendicular
to W, Wy shall be measured from the center of a virtual
opening that encompasses such openings. Masonry
elements within the virtual opening must be designed in
accordance with Chapter 2 or 3.

For walls with openings that span no more than 4 feet,
parallel to Ws, if Wy is no less than 4 feet, then it shall be
permitted to ignore the effect of those openings.

The span of openings, parallel to W, shall be limited
so that the span divided by ¢ does not exceed the values
given in Table 5.5.1.

In addition to these limitations, lintels shall be designed
for gravity loads in accordance with Section 5.9.2

Table 5.3.1 — Diaphragm length-to-width ratios

Floor or roof diaphragm construction Max1mum. length-to-width ratio of
diaphragm panel

Cast-in-place concrete 5:

Precast concrete 4:1

Metal deck with concrete fill 31

Metal deck with no fill 2:1

Wood 2:1
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Table 5.4.2 — Allowable compressive stresses for empirical design of masonry

Construction; compressive strength of masonry
unit, gross area, psi (MPa)

Allowable compressive stresses' based
on gross cross-sectional area,

psi (MPa)
Type M or S Type N
mortar mortar
Solid masonry of brick and other solid units of
clay or shale; sand-lime or concrete brick:
8,000 (55.16) or greater 350 (2.41) 300 (2.07)
4,500 (31.03) 225 (1.55) 200 (1.38)
2,500 (17.23) 160 (1.10) 140 (0.97)
1,500 (10.34) 115 (0.79) 100 (0.69)
Grouted masonry of clay or shale; sand-lime or
concrete:
4,500 (31.03) or greater 225 (1.55) 200 (1.38)
2,500 (17.23) 160 (1.10) 140 (0.97)
1,500 (10.34) 115 (0.79) 100 (0.69)
Solid masonry of solid concrete masonry units:
3,000 (20.69) or greater 225 (1.55) 200 (1.38)
2,000 (13.79) 160 (1.10) 140 (0.97)
1,200 (8.27) 115 (0.79) 100 (0.69)
Masonry of hollow load bearing units of clay or
shale’:
2,000 (13.79) or greater 140 (0.97) 120 (0.83)
1,500 (10.34) 115 (0.79) 100 (0.69)
1,000 (6.90) 75 (0.52) 70 (0.48)
700 (4.83) 60 (0.41) 55 (0.38)
Masonry of hollow load bearing concrete masonry
units, up to and including 8 in. (203 mm) nominal
thickness:
2,000 (13.79) or greater 140 (0.97) 120 (0.83)
1,500 (10.34) 115 (0.79) 100 (0.69)
1,000 (6.90) 75 (0.52) 70 (0.48)
700 (4.83) 60 (0.41) 55 (0.38)
Masonry of hollow load bearing concrete masonry
units, greater than 8 and up to 12 in. (203 to 305
mm) nominal thickness:
2,000 (13.79) or greater 125 (0.86) 110 (0.76)
1,500 (10.34) 105 (0.72) 90 (0.62)
1,000 (6.90) 65 (0.49) 60 (0.41)
700 (4.83) 55 (0.38 50 (0.35)
Masonry of hollow load bearing concrete masonry
units, 12 in. (305 mm) nominal thickness and
greater:
2,000 (13.79) or greater 115 (0.79) 100 (0,69)
1,500 (10.34) 95 (0.66) 85 (0.59)
1,000 (6.90) 60 (0.41) 55 (0.38)
700 (4.83) 50 (0.35) 45 (0.31))

(Continued)

C-53
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Table 5.4.2 (continued) — Allowable compressive stresses for empirical design

of masonry
Construction; compressive strength of masonry | Allowable compressive stresses' based
unit, gross area, psi (MPa) on gross cross-sectional area,
psi (MPa)
Type M or S Type N
mortar mortar
Hollow walls (non-composite masonry bonded?):
Solid units:
2500 (17.23) or greater 160 (1.10) 140 (0.97)
1500 (10.34) 115 (0.79) 100 (0.69)
Hollow units of clay or shale 75 (0.52) 70 (0.48)
Hollow units of concrete masonry of nominal
thickness,
up to and including 8 in. (203 mm): 75 (0.52) 70 (0.48)
greater than 8 and up to 12 in. (203-305 mm): 70 (0.48) 65 (0.45)
12 in. (305 mm) and greater: 60 (0.41) 55(0.38)
Stone ashlar masonry:
Granite 720 (4.96) 640 (4.41)
Limestone or marble 450 (3.10) 400 (2.76)
Sandstone or cast stone 360 (2.48) 320 (2.21)
Rubble stone masonry:
Coursed, rough, or random 120 (0.83) 100 (0.69)

1 Linear interpolation shall be permitted for determining allowable stresses for masonry units having compressive
strengths which are intermediate between those given in the table.

2 Where floor and roof loads are carried upon one wythe, the gross cross-sectional area is that of the wythe under load;
if both wythes are loaded, the gross cross-sectional area is that of the wall minus the area of the cavity between the
wythes. Walls bonded with metal ties shall be considered as non-composite walls, unless collar joints are filled with
mortar or grout.

Table 5.5.1 — Wall lateral support requirements

Construction Maximum Uz or h/t

Bearing walls

Solid units or fully grouted 20

Other than solid units or fully grouted 18
Nonbearing walls

Exterior 18

Interior 36

In computing the ratio for multiwythe walls, use the following thickness:
1. The nominal wall thicknesses for solid walls and for hollow walls bonded with masonry headers (Section 5.7.2).
2. The sum of the nominal thicknesses of the wythes for non-composite walls connected with wall ties (Section 5.7.3).
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Figure 5.5.1-1 — Graphical representation of Ws and Wy

5.5.2  Cantilever walls

Except for parapets, the ratio of height-to-nominal-thickness
for cantilever walls shall not exceed 6 for solid masonry or 4 for
hollow masonry. For parapets see Section 5.6.4.

5.5.3  Support elements

Lateral support shall be provided by cross walls,
pilasters, buttresses, or structural frame members when the
limiting distance is taken horizontally; or by floors, roofs
acting as diaphragms, or structural frame members when
the limiting distance is taken vertically.

5.6 — Thickness of masonry

5.6.1 General
Minimum thickness requirements shall be based on
nominal dimensions of masonry.

5.6.2  Minimum thickness
5.6.2.1 Bearing Walls — The minimum thickness
of bearing walls of one story buildings shall be 6 in.
(152 mm). The minimum thickness of bearing walls of
buildings more than one story high shall be 8 in. (203 mm).

5.6.2.2 Rubble stone walls — The minimum
thickness of rough, random, or coursed rubble stone walls
shall be 16 in. (406 mm).

5.6.2.3 Shear walls — The minimum thickness
of masonry shear walls shall be 8§ in. (203 mm).

5.6.2.4 Foundation walls The minimum
thickness of foundation walls shall be 8 in. (203 mm).

5.6.2.5 Foundation piers — The minimum
thickness of foundation piers shall be 8 in. (203 mm).

5.6.2.6 Parapet walls The minimum
thickness of parapet walls shall be 8 in. (203 mm).

5.6.2.7 Change in thickness — Where walls of
masonry of hollow units or masonry bonded hollow walls
are decreased in thickness, a course or courses of solid
masonry shall be interposed between the wall below and
the thinner wall above, or special units or construction
shall be used to transmit the loads from face shells or
wythes above to those below.

5.6.3  Foundation walls
5.6.3.1 Foundation walls shall comply with the
requirements of Table 5.6.3.1, which are applicable when:

(a)

the foundation wall does not exceed 8 ft (2.44 m) in
height between lateral supports,

(b)

the terrain surrounding foundation walls is graded to
drain surface water away from foundation walls,

(©)

backfill is drained to remove ground water away from
foundation walls,

(d) lateral support is provided at the top of foundation

walls prior to backfilling,
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(e) the length of foundation walls between perpendicular
masonry walls or pilasters is a maximum of 3
multiplied by the basement wall height,

(f) the backfill is granular and soil conditions in the area
are non-expansive, and

(2) masonry is laid in running bond using Type M or S mortar.

5.6.3.2 Where the requirements of Section
5.6.3.1 are not met, foundation walls shall be designed in
accordance with Chapter 1 and Chapter 2, 3, or 4.

5.6.4  Parapet walls
The height of parapet walls shall not exceed 3
multiplied by their thickness.

5.7 — Bond

5.71  General

Wythes of multiple wythe masonry walls shall be
bonded in accordance with the requirements of Section
5.7.2, Section 5.7.3, or Section 5.7.4.

5.7.2  Bonding with masonry headers

5.7.2.1 Solid units — Where adjacent wythes of
solid masonry walls are bonded by means of masonry
headers, no less than 4 percent of the wall surface area of
each face shall be composed of headers extending not less
than 3 in. (76.2 mm) into each wythe. The distance
between adjacent full-length headers shall not exceed
24 in. (610 mm) either vertically or horizontally. In walls
in which a single header does not extend through the wall,
headers from the opposite sides shall overlap at least 3 in.
(76.2 mm), or headers from opposite sides shall be
covered with another header course overlapping the header
below at least 3 in. (76.2 mm).

5.7.2.2 Hollow units — Where two or more
wythes are constructed using hollow units, the stretcher
courses shall be bonded at vertical intervals not exceeding
34 in. (864 mm) by lapping at least 3 in. (76.2 mm) over
the unit below, or by lapping at vertical intervals not
exceeding 17 in. (432 mm) with units which are at least 50
percent greater in thickness than the units below.

5.7.3  Bonding with wall ties or joint reinforcement
5.7.3.1 Where adjacent wythes of masonry walls
are bonded with wire size W2.8 (MW 18) wall ties or metal
wire of equivalent stiffness embedded in the horizontal
mortar joints, there shall be at least one metal tie for each
4'7, f* (0.42 m®) of wall area. The maximum vertical
distance between ties shall not exceed 24 in. (610 mm),
and the maximum horizontal distance shall not exceed
36 in. (914 mm). Rods or ties bent to rectangular shape
shall be used with hollow masonry units laid with the cells
vertical. In other walls, the ends of ties shall be bent to 90-
degree angles to provide hooks no less than 2 in.
(50.8 mm) long. Wall ties shall be without drips.
Additional bonding ties shall be provided at openings,
spaced not more than 3 ft (0.91 m) apart around the
perimeter and within 12 in. (305 mm) of the opening.

5.7.3.2 Where adjacent wythes of masonry are
bonded with prefabricated joint reinforcement, there shall be
at least one cross wire serving as a tie for each 2%; ft’
(0.25 m%) of wall area. The vertical spacing of the joint
reinforcement shall not exceed 24 in. (610 mm). Cross wires
on prefabricated joint reinforcement shall be not smaller
than wire size W1.7 (MW11) and shall be without drips.
The longitudinal wires shall be embedded in the mortar.

5.7.4  Natural or cast stone
5.7.4.1 Ashlar masonry — In ashlar masonry,
uniformly distributed bonder units shall be provided to the
extent of not less than 10 percent of the wall area. Such
bonder units shall extend not less than 4 in. (102 mm) into
the backing wall.

5.7.4.2 Rubble stone masonry — Rubble stone
masonry 24 in. (610 mm) or less in thickness shall have
bonder units with a maximum spacing of 3 ft (0.91 m)
vertically and 3 ft (0.91 m) horizontally, and if the
masonry is of greater thickness than 24 in. (610 mm), shall
have one bonder unit for each 6 ft* (0.56 m®) of wall
surface on both sides.

Table 5.6.3.1 — Foundation wall construction

Wall construction Nominal wall Maximum depth of
thickness, in. (mm) unbalanced backfill, ft (m)
Hollow unit masonry 8 (203) 5(1.52)
10 (254) 6 (1.83)
12 (305) 7 (2.13)
Solid unit masonry 8 (203) 5(1.52)
10 (254) 7(2.13)
12 (305) 7(2.13)
Fully grouted masonry 8 (203) 7(2.13)
10 (254) 8(2.44)
12 (305) 8 (2.44)
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5.8 — Anchorage

5.8.1  General
Masonry elements shall be anchored in accordance
with this section.

5.8.2  Intersecting walls

Masonry walls depending upon one another for lateral
support shall be anchored or bonded at locations where
they meet or intersect by one of the following methods:

5.8.2.1 Fifty percent of the units at the
intersection shall be laid in an overlapping masonry
bonding pattern, with alternate units having a bearing of
not less than 3 in. (76.2 mm) on the unit below.

5.8.2.2 Walls shall be anchored by steel
connectors having a minimum section of '/, in. (6.4 mm)
by 1', in. (38.1 mm) with ends bent up at least 2 in.
(50.8 mm), or with cross pins to form anchorage. Such
anchors shall be at least 24 in. (610 mm) long and the
maximum spacing shall be 4 ft (1.22 m).

5.8.2.3 Walls shall be anchored by joint
reinforcement spaced at a maximum distance of 8§ in.
(203 mm). Longitudinal wires of such reinforcement shall
be at least wire size W1.7 (MW11) and shall extend at
least 30 in. (762 mm) in each direction at the intersection.

5.8.2.4 Interior nonload bearing walls shall be
anchored at their intersection at vertical intervals of not
more than 16 in. (406 mm) with joint reinforcement or
'/,in. (6.4 mm) mesh galvanized hardware cloth.

5.8.2.5 Other metal ties, joint reinforcement or
anchors, if used, shall be spaced to provide equivalent area
of anchorage to that required by this section.

5.8.3  Floor and roof anchorage

Floor and roof diaphragms providing lateral support to
masonry shall be connected to the masonry by one of the
following methods:

5.8.3.1 Roof loading shall be determined by the
provisions of Section 1.7.2 and, where net uplift occurs,
uplift shall be resisted entirely by an anchorage system
designed in accordance with the provisions of Sections 2.1
and 2.3, Sections 3.1 and 3.3, or Chapter 4.

5.8.3.2 Wood floor joists bearing on masonry
walls shall be anchored to the wall at intervals not to
exceed 6 ft (1.83 m) by metal strap anchors. Joists parallel
to the wall shall be anchored with metal straps spaced not
more than 6 ft (1.83 m) on centers extending over or under
and secured to at least 3 joists. Blocking shall be provided
between joists at each strap anchor.

5.8.3.3 Steel joists that are supported by
masonry walls shall bear on and be connected to steel
bearing plates. Maximum joist spacing shall be 6 ft
(1.83 m) on center. Each bearing plate shall be anchored to
the wall with a minimum of two '% in. (12.7 mm) diameter
bolts, or their equivalent. Where steel joists are parallel to
the wall, anchors shall be located where joist bridging
terminates at the wall and additional anchorage shall be
provided to comply with Section 5.8.3.4.

5.8.3.4 Roof and floor diaphragms shall be
anchored to masonry walls with a minimum of % in.
(12.7 mm) diameter bolts at a maximum spacing of 6 ft
(1.83 m) on center or their equivalent.

5.8.3.5 Bolts and anchors required by Sections
5.8.3.3 and 5.8.3.4 shall comply with the following:

(a) Bolts and anchors at steel floor joists and floor
diaphragms shall be embedded in the masonry at least
6 in. (152 mm) or shall comply with Section 5.8.3.5 (¢).

(b) Bolts at steel roof joists and roof diaphragms shall be
embedded in the masonry at least 15 in. (381 mm) or
shall comply with Section 5.8.3.5(c).

(¢) In lieu of the embedment lengths listed in Sections
5.8.3.5(a) and 5.8.3.5(b), bolts shall be permitted to be
hooked or welded to not less than 0.20 in.* (129 mm?) of
bond beam reinforcement placed not less than 6 in.
(152 mm) below joist bearing or bottom of diaphragm.

5.8.4  Walls adjoining structural framing

Where walls are dependent upon the structural frame for
lateral support, they shall be anchored to the structural
members with metal anchors or otherwise keyed to the
structural members. Metal anchors shall consist of !/,-in.
(12.7-mm) bolts spaced at 4 ft (1.22 m) on center embedded
4 in. (102 mm) into the masonry, or their equivalent area.

5.9 — Miscellaneous requirements

5.9.1 Chases and recesses
Masonry directly above chases or recesses wider than
12 in. (305 mm) shall be supported on lintels.

5.9.2  Lintels
The design of masonry lintels shall be in accordance
with the provisions of Section 2.3.3.3 or Section 3.3.4.2.

5.9.3  Support on wood
No masonry shall be supported on wood girders or
other forms of wood construction.
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CHAPTER 6
VENEER

6.1 — General

6.1.1  Scope

This chapter provides requirements for design and
detailing of anchored masonry veneer and adhered
masonry veneer.

6.1.1.1 The provisions of Chapter 1, excluding
Sections 1.2.2(c), 1.7, and 1.9, shall apply to design of
anchored and adhered veneer except as specifically stated here.

6.1.1.2 Section 1.11 shall not apply to adhered
veneer.

6.1.1.3 Articles 1.4 A and B and 3.4 C of TMS
602/ACI 530.1/ASCE 6 shall not apply to any veneer.
Articles 3.4 B and F shall not apply to anchored veneer.
Articles 3.3 B and 3.4 A, B, E and F shall not apply to
adhered veneer.

6.1.2  Design of anchored veneer

Anchored veneer shall meet the requirements of
Section 6.1.6 and shall be designed rationally by Section
6.2.1 or detailed by the prescriptive requirements of
Section 6.2.2.

6.1.3  Design of adhered veneer

Adhered veneer shall meet the requirements of
Section 6.1.6, and shall be designed rationally by Section
6.3.1 or detailed by the prescriptive requirements of
Section 6.3.2.

6.1.4  Dimension stone

Dimension stone veneer is not covered under this
Code. Such a veneer system shall be considered a Special
System, and consideration for approval of its use shall be
submitted to the Building Official.

6.1.5  Autoclaved aerated concrete masonry veneer

Autoclaved aerated concrete masonry as a veneer
wythe is not covered by this Chapter. Such a veneer
system shall be considered a Special System, and
consideration for approval of its use shall be submitted to
the Building Official.

6.1.6  General design requirements

6.1.6.1 Design and detail the backing system of
exterior veneer to resist water penetration. Exterior
sheathing shall be covered with a water-resistant
membrane, unless the sheathing is water resistant and the
joints are sealed.

6.1.6.2 Design and detail flashing and weep
holes in exterior veneer wall systems to resist water
penetration into the building interior. Weepholes shall be
at least */;¢ in. (4.8 mm) in diameter and spaced less than
33 in. (838 mm) on center.

6.1.6.3 Design and detail the veneer to

accommodate differential movement.

6.2 — Anchored veneer

6.2.1  Alternative design of anchored masonry veneer
The alternative design of anchored veneer, which is permitted
under Section 1.3, shall satisfy the following conditions:

(a) Loads shall be distributed through the veneer to the
anchors and the backing using principles of mechanics.

(b) Out-of-plane deflection of the backing shall be limited
to maintain veneer stability.

(¢) Masonry, other than veneer, shall meet the provisions
of Section 1.1.3, excluding subparagraphs (e) and (f).

(d) The veneer is not subject to the flexural tensile stress
provisions of Section 2.2 or the nominal flexural
tensile strength provisions of Section 3.2.2.

(¢) The provisions of Chapter 1, excluding Section
1.2.2(c), Section 6.1, excluding Section 6.1.1.1,
Section 6.2.2.9, and Section 6.2.2.10 shall apply.

6.2.2  Prescriptive requirements for anchored
masonry veneer

6.2.2.1 Except as provided in Section 6.2.2.11,
prescriptive requirements for anchored masonry veneer
shall not be used in areas where the basic wind speed

exceeds 110 mph (177 km/hr) as given in ASCE 7.

6.2.2.2 Connect anchored veneer to the backing
with anchors that comply with Section 6.2.2.5 and Article
2.4 of TMS 602/ACI 530.1/ASCE 6.

6.2.2.3  Vertical support of anchored masonry veneer

6.2.2.3.1 The weight of anchored veneer shall

be supported vertically on concrete or masonry foundations or

other noncombustible structural supports, except as permitted
in Sections 6.2.2.3.1.1,6.2.2.3.1.4,and 6.2.2.3.1.5.

6.2.2.3.1.1 Anchored veneer is permitted to
be supported vertically by preservative-treated wood
foundations. The height of wveneer supported by wood
foundations shall not exceed 18 ft (5.49 m) above the support.

6.2.2.3.1.2 Anchored veneer with a
backing of wood framing shall not exceed the height above
the noncombustible foundation given in Table 6.2.2.3.1.

Table 6.2.2.3.1 — Height limit from foundation

Height at plate, ft (m)
30 (9.14)

Height at gable, ft (m)
38 (11.58)
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6.2.2.3.1.3 If anchored vencer with a
backing of cold-formed steel framing exceeds the height
above the noncombustible foundation given in Table
6.2.2.3.1, the weight of the veneer shall be supported by
noncombustible construction for each story above the
height limit given in Table 6.2.2.3.1.

6.2.2.3.1.4 When anchored veneer is
used as an interior finish on wood framing, it shall have a
weight of 40 Ib/ft* (1915 Pa) or less and be installed in
conformance with the provisions of this Chapter.

6.2.2.3.1.5 Exterior masonry veneer
having an installed weight of 40 psf (195 kg/m?) or less
and height of no more than 12 ft (3.7 m) shall be permitted
to be supported on wood construction. A vertical
movement joint in the masonry veneer shall be used to
isolate the veneer supported by wood construction from
that supported by the foundation. Masonry shall be
designed and constructed so that masonry is not in direct
contact with wood. The horizontally spanning element
supporting the masonry veneer shall be designed so that
deflection due to dead plus live loads does not exceed
/600 or 0.3 in. (7.6 mm).

6.2.2.3.2 When anchored veneer is
supported by floor construction, the floor shall be designed
to limit deflection as required in Section 1.13.3.1.

6.2.2.3.3 Provide noncombustible lintels or
supports attached to noncombustible framing over
openings where the anchored veneer is not self-supporting.
The deflection of such lintels or supports shall conform to
the requirements of Section 1.13.3.1.

6.2.2.4 Masonry units - Masonry units shall be
at least 2%/g in. (66.7 mm) in actual thickness.

6.2.2.5 Anchor requirements
6.2.2.5.1 Corrugated sheet-metal anchors

6.2.2.5.1.1 Corrugated sheet-metal anchors
shall be at least "/s in. (22 mm) wide, have a base metal
thickness of at least 0.03 in. (0.8 mm), and shall have
corrugations with a wavelength of 0.3 to 0.5 in. (7.6 to
12.7mm) and an amplitude of 0.06 to 0.10 in. (1.5 to
2.5 mm).

6.2.2.5.1.2 Corrugated sheet-metal anchors
shall be placed as follows:

(a) With solid units, embed anchors in the mortar joint
and extend into the veneer a minimum of 11/2 in.
(38.1 mm), with at least “/g-in. (15.9-mm) mortar
cover to the outside face.

(b) With hollow units, embed anchors in mortar or grout
and extend into the veneer a minimum of 11/2 in.
(38.1 mm), with at least */g-in. (15.9-mm) mortar or
grout cover to the outside face.

6.2.2.5.2 Sheet-metal anchors
6.2.2.5.2.1 Sheet-metal anchors shall be
at least "/ in. (22.2 mm) wide, shall have a base metal
thickness of at least 0.06 in. (1.5 mm), and shall:

(a) have corrugations as given in Section 6.2.2.5.1.1, or

(b) be bent, notched, or punched to provide equivalent
performance in pull-out or push-through.

6.2.2.5.2.2 Sheet-metal anchors shall be
placed as follows:

(a) With solid units, embed anchors in the mortar joint
and extend into the veneer a minimum of 11/2 in.
(38.1 mm), with at least “/g-in. (15.9-mm) mortar
cover to the outside face.

(b) With hollow units, embed anchors in mortar or grout
and extend into the veneer a minimum of 11/2 in.
(38.1 mm), with at least */g-in. (15.9-mm) mortar or
grout cover to the outside face.

6.2.2.5.3 Wire anchors
6.2.2.5.3.1 Wire anchors shall be at
least wire size W1.7 (MW11) and have ends bent to form
an extension from the bend at least 2 in. (50.8 mm) long.

6.2.2.5.3.2 Wire anchors shall be placed
as follows:

(a) With solid units, embed anchors in the mortar joint
and extend into the veneer a minimum of 1!/, in.
(38.1 mm), with at least “/g-in. (15.9-mm) mortar
cover to the outside face.

(b) With hollow units, embed anchors in mortar or grout
and extend into the veneer a minimum of 1!/, in.
(38.1 mm), with at least “/g-in. (15.9-mm) mortar or
grout cover to the outside face.

6.2.2.5.4 Joint reinforcement
6.2.2.5.4.1 Ladder-type or tab-type joint
reinforcement is permitted. Cross wires used to anchor
masonry veneer shall be at least wire size W1.7 (MW11)
and shall be spaced at a maximum of 16 in. (406 mm) on
center. Cross wires shall be welded to longitudinal wires,
which shall be at least wire size W1.7 (MW11).

6.2.2.5.4.2 Embed longitudinal wires of
joint reinforcement in the mortar joint with at least /g-in.
(15.9-mm) mortar cover on each side.

6.2.2.5.5 Adjustable anchors
6.2.2.5.5.1 Sheet-metal and  wire
components of adjustable anchors shall conform to the
requirements of Section 6.2.2.5.1, 6.2.2.5.2, or 6.2.2.5.3.
Adjustable anchors with joint reinforcement shall also
meet the requirements of Section 6.2.2.5.4.

6.2.2.5.5.2 Maximum clearance between
connecting parts of the tie shall be /¢ in. (1.6 mm).
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6.2.2.5.5.3 Adjustable anchors shall be
detailed to prevent disengagement.

6.2.2.5.5.4 Pintle anchors shall have at
least two pintle legs of wire size W2.8 (MW18) each and
shall have an offset not exceeding 1'/4 in. (31.8 mm).

6.2.2.5.5.5 Adjustable  anchors  of
equivalent strength and stiffness to those specified in
Sections 6.2.2.5.5.1 through 6.2.2.5.5.4 are permitted.

6.2.2.5.6 Anchor spacing
6.2.2.5.6.1 For adjustable two-piece
anchors, anchors of wire size W1.7 (MW11), and 22 gage
(0.8 mm) corrugated sheet-metal anchors, provide at least
one anchor for each 2.67 ft* (0.25 m’) of wall area.

6.2.2.5.6.2 For other anchors, provide
at least one anchor for each 3.5 ft* (0.33 m?) of wall area.

6.2.2.5.6.3 Space anchors at a
maximum of 32 in. (813 mm) horizontally and 25 in.
(635 mm) vertically, but not to exceed the applicable
requirements of Section 6.2.2.5.6.1 or 6.2.2.5.6.2.

6.2.2.5.6.4 Provide additional anchors
around openings larger than 16 in. (406 mm) in either
dimension. Space anchors around perimeter of opening at
a maximum of 3 ft (0.91 m) on center. Place anchors
within 12 in. (305 mm) of openings.

6.2.2.5.7 Joint thickness for anchors —
Mortar bed joint thickness shall be at least twice the
thickness of the embedded anchor.

6.2.2.6 Masonry veneer anchored to wood backing

6.2.2.6.1 Veneer shall be attached with any
anchor permitted in Section 6.2.2.5.

6.2.2.6.2 Attach each anchor to wood studs
or wood framing with a corrosion-resistant 8d common
nail, or with a fastener having equivalent or greater pullout
strength. For corrugated sheet-metal anchors, locate the
nail or fastener within '/, in. (12.7 mm) of the 90-degree
bend in the anchor.

6.2.2.6.3 When corrugated sheet metal
anchors are used, a maximum distance between the inside
face of the veneer and outside face of the solid sheathing
of 1 in. (25.4 mm) shall be specified. When other anchors
are used, a maximum distance between the inside face of
the veneer and the wood stud or wood framing of 4% in.
(114 mm) shall be specified. A 1-in. (25.4-mm) minimum
air space shall be specified.

6.2.2.7 Masonry veneer anchored to steel backing
6.2.2.7.1 Attach veneer with adjustable
anchors.

6.2.2.7.2 Attach each anchor to steel framing
with corrosion-resistant screws that have a minimum
nominal shank diameter of 0.190 in. (4.8 mm).

6.2.2.7.3 Cold-formed steel framing shall be
corrosion resistant and have a minimum base metal
thickness of 0.043 in. (1.1 mm).

6.2.2.74 A 4% in. (114-mm) maximum
distance between the inside face of the veneer and the steel
framing shall be specified. A 1-in. (25.4-mm) minimum air
space shall be specified.

6.2.2.8 Masonry veneer anchored to masonry or
concrete backing
6.2.2.8.1 Attach veneer to masonry backing
with wire anchors, adjustable anchors, or joint
reinforcement. Attach veneer to concrete backing with
adjustable anchors.

6.2.282 A 4% in. (114-mm) maximum
distance between the inside face of the veneer and the outside
face of the masonry or concrete backing shall be specified. A
1-in. (25.4-mm) minimum air space shall be specified.

6.2.2.9 Veneer laid in other than running bond —
Anchored veneer laid in other than running bond shall
have joint reinforcement of at least one wire, of size W1.7
(MW11), spaced at a maximum of 18 in. (457 mm) on
center vertically.

6.2.2.10 Requirements in seismic areas
6.2.2.10.1 Seismic Design Category C
6.2.2.10.1.1 The requirements of this
section apply to anchored veneer for buildings in Seismic
Design Category C.

6.2.2.10.1.2 Isolate the sides and top of
anchored veneer from the structure so that vertical and
lateral seismic forces resisted by the structure are not
imparted to the veneer.

6.2.2.10.2 Seismic Design Category D
6.2.2.10.2.1 The requirements for
Seismic Design Category C and the requirements of this
section apply to anchored veneer for buildings in Seismic
Design Category D.

6.2.2.10.2.2 Reduce the maximum wall
area supported by each anchor to 75 percent of that
required in Sections 6.2.2.5.6.1 and 6.2.2.5.6.2. Maximum
horizontal and vertical spacings are unchanged.

6.2.2.10.3 Seismic Design Categories E and F

6.2.2.10.3.1 The requirements for

Seismic Design Category D and the requirements of this

section apply to anchored veneer for buildings in Seismic
Design Categories E and F.

6.2.2.10.3.2 Support the weight of
anchored veneer for each story independent of other stories.
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6.2.2.10.3.3 Provide continuous single
wire joint reinforcement of wire size W1.7 (MWI11) at a
maximum spacing of 18 in. (457 mm) on center vertically.
Mechanically attach anchors to the joint reinforcement
with clips or hooks.

6.2.2.11 Requirements in areas of high winds —
The following requirements apply in areas where the basic
wind speed exceeds 110 mph (177 km/hr) but does not
exceed 130 mph (209 km/hr) and the building’s mean roof
height is less than or equal to 60 ft (18.3 m):

(a) Reduce the maximum wall area supported by each
anchor to 70 percent of that required in Sections
6.2.2.5.6.1 and 6.2.2.5.6.2.

(b) Space anchors at a maximum 18 in. (457 mm)
horizontally and vertically.

(c) Provide additional anchors around openings larger
than 16 in. (406 mm) in either direction. Space
anchors around perimeter of opening at a maximum of
24 in. (610 mm) on center. Place anchors within 12 in.
(305 mm) of openings.

6.3 — Adhered veneer

6.3.1  Alternative design of adhered masonry veneer

The alternative design of adhered veneer, which is
permitted under Section 1.3, shall satisfy the following
conditions:

(a) Loads shall be distributed through the veneer to the
backing using principles of mechanics.

(b) Out-of-plane curvature shall be limited to prevent
veneer unit separation from the backing.

(¢) Masonry, other than veneer, shall meet the provisions
of Section 1.1.3, excluding subparagraphs (e) and (f).

(d) The veneer is not subject to the flexural tensile stress
provisions of Section 2.2 or the nominal flexural
tensile strength provisions of Section 3.2.2.

(¢) The provisions of Chapter 1, excluding Section
1.2.2(c), and Section 6.1, excluding Section 6.1.1,
shall apply.

6.3.2  Prescriptive
masonry veneer
6.3.2.1 Unit sizes — Adhered veneer units shall
not exceed 2°/4 in. (66.7 mm) in specified thickness, 36 in.
(914 mm) in any face dimension, nor more than 5 ft*
(0.46 m®) in total face area, and shall not weigh more than
15 Ib/ft* (718 Pa).

6.3.2.2 Wall area limitations — The height,
length, and area of adhered veneer shall not be limited
except as required to control restrained differential
movement stresses between veneer and backing.

requirements  for adhered

6.3.2.3 Backing — Backing shall provide a
continuous, moisture-resistant surface to receive the
adhered veneer. Backing is permitted to be masonry,
concrete, or metal lath and portland cement plaster applied
to masonry, concrete, steel framing, or wood framing.

6.3.2.4 Adhesion developed between adhered
veneer units and backing shall have a shear strength of at
least 50 psi (345 kPa) based on gross unit surface area
when tested in accordance with ASTM C482, or shall be
adhered in compliance with Article 3.3 C of TMS 602/ACI
530.1/ASCE 6.
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CHAPTER 7
GLASS UNIT MASONRY

7.1 — General

71.1  Scope

This chapter provides requirements for empirical
design of glass unit masonry as nonload-bearing elements
in exterior or interior walls.

7.1.1.1 The provisions of Chapter 1, excluding
Sections 1.2.2(c), 1.7, 1.8, and 1.9, shall apply to design of
glass unit masonry, except as stated here.

7.1.1.2 Article 14 of TMS 602/ACI
530.1/ASCE 6 shall not apply to glass unit masonry.

7.1.2  General design requirements
Design and detail glass unit masonry to accommodate
differential movement.

71.3  Units
7.1.3.1 Hollow or solid glass block units shall
be standard or thin units.

7.1.3.2 The specified thickness of standard units
shall be at least 37/5 in. (98.4 mm).

7.1.3.3 The specified thickness of thin units
shall be 3" in. (79.4 mm) for hollow units or 3 in.
(76.2 mm) for solid units.

7.2 — Panel size

7.2.1  Exterior standard-unit panels

The maximum area of each individual standard-unit
panel shall be based on the design wind pressure, in
accordance with Figure 7.2-1. The maximum dimension
between structural supports shall be 25 ft (7.62 m)
horizontally or 20 ft (6.10 m) vertically.

7.2.2  Exterior thin-unit panels

The maximum area of each individual thin-unit panel
shall be 85 ft* (7.90 m®). The maximum dimension
between structural supports shall be 15 ft (4.57 m) wide or
10 ft (3.05 m) high. Thin units shall not be used in
applications where the design wind pressure exceeds
20 Ib/ft* (958 Pa).

7.2.3  Interior panels
7.2.3.1 When the wind pressure does not exceed
10 psf (480 Pa), the maximum area of each individual
standard-unit panel shall be 250 ft* (23.22 m?) and the
maximum area of each thin-unit panel shall be 150 ft* (13.94
m?). The maximum dimension between structural supports
shall be 25 ft (7.62 m) wide or 20 ft (6.10 m) high.

7.2.3.2 When the wind pressure exceeds 10 psf
(480 Pa), standard-unit panels shall be designed in
accordance with Section 7.2.1 and thin-unit panels shall be
designed in accordance with Section 7.2.2.
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Figure 7.2-1 — Design wind pressure for glass unit masonry
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7.2.4  Curved panels

The width of curved panels shall conform to the
requirements of Sections 7.2.1, 7.2.2, and 7.2.3, except
additional structural supports shall be provided at locations
where a curved section joins a straight section and at
inflection points in multi-curved walls.

7.3 — Support

7.3.1  General requirements
Glass unit masonry panels shall be isolated so that in-
plane loads are not imparted to the panel.

7.3.2 Vertical
7.3.2.1 Maximum total deflection of structural

members supporting glass unit masonry shall not exceed
1/600.

7.3.2.2 Glass unit masonry having an installed
weight of 40 psf (195 kg/m?®) or less and a maximum
height of 12 ft (3.7 m) shall be permitted to be supported
on wood construction.

7.3.2.3 A vertical expansion joint in the glass
unit masonry shall be used to isolate the glass unit
masonry supported by wood construction from that
supported by other types of construction.

7.3.3  Lateral

7.3.3.1 Glass unit masonry panels, more than
one unit wide or one unit high, shall be laterally supported
along the top and sides of the panel. Lateral support shall
be provided by panel anchors along the top and sides
spaced not more than 16 in. (406 mm) on center or by
channel-type restraints. Glass unit masonry panels shall be
recessed at least 1 in. (25.4 mm) within channels and
chases. Channel-type restraints must be oversized to
accommodate expansion material in the opening, and
packing and sealant between the framing restraints and the
glass unit masonry perimeter units. Lateral supports for
glass unit masonry panels shall be designed to resist
applied loads, or a minimum of 200 1b per lineal ft
(2919 N/m) of panel, whichever is greater.

7.3.3.2 Glass unit masonry panels that are no
more than one unit wide shall conform to the requirements
of Section 7.3.3.1, except that lateral support at the top of
the panel is not required.

7.3.3.3 Glass unit masonry panels that are no
more than one unit high shall conform to the requirements
of Section 7.3.3.1, except that lateral support at the sides
of the panels is not required.

7.3.3.4 Glass unit masonry panels that are a
single glass masonry unit shall conform to the
requirements of Section 7.3.3.1, except that lateral support
shall not be provided by panel anchors.

7.4 — Expansion joints

Glass unit masonry panels shall be provided with
expansion joints along the top and sides at structural
supports. Expansion joints shall have sufficient thickness
to accommodate displacements of the supporting structure,
but shall not be less than */s in. (9.5 mm) in thickness.
Expansion joints shall be entirely free of mortar or other
debris and shall be filled with resilient material.

7.5 — Base surface treatment

The surface on which glass unit masonry panels are
placed shall be coated with a water-based asphaltic
emulsion or other elastic waterproofing material prior to
laying the first course.

7.6 — Mortar
Glass unit masonry shall be laid with Type S or N mortar.

7.7 — Reinforcement

Glass unit masonry panels shall have horizontal joint
reinforcement spaced not more than 16 in. (406 mm) on
center, located in the mortar bed joint, and extending the
entire length of the panel but not across expansion joints.
Longitudinal wires shall be lapped a minimum of 6 in.
(152 mm) at splices. Joint reinforcement shall be placed in
the bed joint immediately below and above openings in the
panel. The reinforcement shall have not less than two
parallel longitudinal wires of size W1.7 (MW11) and have
welded cross wires of size W1.7 (MW11).
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APPENDIX A
STRENGTH DESIGN OF AUTOCLAVED AERATED CONCRETE (AAC) MASONRY

A.1 — General

A1 Scope

This Appendix provides minimum requirements for
design of AAC masonry. AAC masonry shall comply with
the requirements of Chapter 1, Section A.l, and either
Section A.2 or A.3.

A.1.2  Required strength

Required strength shall be determined in accordance
with the strength design load combinations of the legally
adopted building code. When the legally adopted building
code does not provide load combinations, structures and
members shall be designed to resist the combination of
loads specified in ASCE 7. Members subject to
compressive axial load shall be designed for the maximum
design moment accompanying the axial load. The factored
moment, M, , shall include the moment induced by relative
lateral displacement.

A.1.3  Design strength

AAC masonry members shall be proportioned so that
the design strength equals or exceeds the required strength.
Design strength is the nominal strength multiplied by the
strength-reduction factor, ¢, as specified in Section A.1.5.

A.1.4  Strength of joints

AAC masonry members shall be made of AAC
masonry units. The tensile bond strength of AAC masonry
joints shall not be taken greater than the limits of Section
A.1.8.3. When AAC masonry units with a maximum height
of 8 in. (200 mm) (nominal) are used, head joints shall be
permitted to be left unfilled between AAC masonry units
laid in running bond, provided that shear capacity is
calculated using the formulas of this Code corresponding to
that condition. Open head joints are not permitted in AAC
masonry laid in other than running bond.

A.1.5  Strength-reduction factors
A.1.5.1 Combinations of flexure and axial load
in reinforced AAC masonry — The value of ¢ shall be
taken as 0.90 for reinforced AAC masonry designed to
resist flexure, axial load, or combinations thereof.

A.1.5.2 Combinations of flexure and axial load
in unreinforced AAC masonry — The value of ¢ shall be
taken as 0.60 for unreinforced AAC masonry designed to
resist flexure, axial load, or combinations thereof.

A.1.5.3 Shear — The value of ¢ shall be taken as
0.80 for AAC masonry designed to resist shear.

A.1.5.4 Anchor bolts — For cases where the
nominal strength of an anchor bolt is controlled by AAC
masonry breakout, ¢ shall be taken as 0.50. For cases
where the nominal strength of an anchor bolt is controlled
by anchor bolt steel, ¢ shall be taken as 0.90. For cases

where the nominal strength of an anchor bolt is controlled
by anchor pullout, ¢ shall be taken as 0.65.

A.1.5.5 Bearing — For cases involving bearing
on AAC masonry, ¢ shall be taken as 0.60.

A.1.6  Deformation requirements
A.1.6.1 Deflection of unreinforced (plain) AAC
masonry — Deflection calculations for unreinforced
(plain) AAC masonry members shall be based on
uncracked section properties.

A.1.6.2 Deflection of reinforced AAC masonry
— Deflection calculations for reinforced AAC masonry
members shall be based on cracked section properties
including the reinforcement and grout. The flexural and
shear stiffness properties assumed for deflection
calculations shall not exceed one-half of the gross section
properties unless a cracked-section analysis is performed.

A.1.7  Anchor bolts

Headed and bent-bar anchor bolts shall be embedded in
grout, and shall be designed in accordance with Section
3.1.6 using f %, instead of /7, and neglecting the contribution
of AAC to the edge distance and embedment depth. Anchors
embedded in AAC without grout shall be designed using
nominal capacities provided by the anchor manufacturer and
verified by an independent testing agency.

A.1.8 Material properties
A.1.8.1 Compressive strength
A.1.8.1.1 Masonry compressive strength—
The specified compressive strength of AAC masonry,

f “uac, shall equal or exceed 290 psi (3.45 MPa).

A.1.8.1.2 Grout compressive strength —
The specified compressive strength of grout, f'%, shall
equal or exceed 2,000 psi (13.8 MPa) and shall not exceed
5,000 psi (34.5 MPa).

A.1.8.2 Masonry splitting tensile strength — The
splitting tensile strength f; 14 shall be determined by Eq. A-1.

szAC = 2'4w,f'AAC

A.1.8.3 Masonry modulus of rupture — The
modulus of rupture, f.44c, for AAC masonry elements
shall be taken as twice the masonry splitting tensile
strength, f44c. If a section of AAC masonry contains a
Type M or Type S horizontal leveling bed of mortar, the
value of f.,4c shall not exceed 50 psi (345 kPa) at that
section. If a section of AAC masonry contains a horizontal
bed joint of thin-bed mortar and AAC, the value of f,.44c
shall not exceed 80 psi (552 kPa) at that section.

(A-1)
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A.1.8.4 Masonry direct shear strength — The
direct shear strength, f,, across an interface of AAC
material shall be determined by Eq. A-2, and shall be
taken as 37 psi (255 kPa) across an interface between
grout and AAC material.

fo =015 c

A.1.8.5 Coefficient of friction — The coefficient
of friction between AAC and AAC shall be 0.75. The
coefficient of friction between AAC and thin-bed mortar
or between AAC and leveling-bed mortar shall be 1.0.

(A-2)

A.1.8.6 Reinforcement strength — Masonry
design shall be based on a reinforcement strength equal to
the specified yield strength of reinforcement, f,, which
shall not exceed 60,000 psi (413.7 MPa). The actual yield
strength shall not exceed 1.3 multiplied by the specified
yield strength. The compressive resistance of steel
reinforcement shall be neglected, wunless lateral
reinforcement is provided in compliance with the
requirements of Section 1.14.1.3.

A.1.9  Concentrated loads
A.1.9.1 Design bearing strength of AAC
masonry shall equal ¢f'4c multiplied by the bearing area,
Ay, as defined in Section 1.9.5

A.1.9.2 Bearing for simply supported precast
floor and roof members on AAC masonry shear walls —
The following minimum requirements shall apply so that
after the consideration of tolerances, the distance from the
edge of the supporting wall to the end of the precast
member in the direction of the span is not less than:

For AAC floor panels 2 in. (51 mm)
For solid or hollow-core slabs 2 in. (51 mm)
For beams or stemmed members 3 in. (76 mm)

A.2 —Unreinforced (plain) AAC masonry

A.2.1  Scope

The requirements of Section A.2 are in addition to the
requirements of Chapter 1 and Section A.l1, and govern
masonry design in which AAC masonry is used to resist
tensile forces.

A.2.1.1 Strength for resisting loads —
Unreinforced (plain) AAC masonry members shall be
designed using the strength of masonry units, mortar, and
grout in resisting design loads.

A.2.1.2 Strength contribution from
reinforcement — Stresses in reinforcement shall not be
considered effective in resisting design loads.

A.2.1.3 Design criteria — Unreinforced (plain) AAC
masonry members shall be designed to remain uncracked.
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A.2.2  Flexural strength of unreinforced (plain)
AAC masonry members

The following assumptions shall apply when
determining the flexural strength of unreinforced (plain)
AAC masonry members:

(a) Strength design of members for factored flexure and
axial load shall be in accordance with principles of
engineering mechanics.

(b) Strain in masonry shall be directly proportional to the
distance from the neutral axis.

(c) Flexural tension in masonry shall be assumed to be
directly proportional to strain.

(d) Flexural compressive stress in combination with axial
compressive stress in masonry shall be assumed to be
directly proportional to strain. Nominal compressive
strength shall not exceed a stress corresponding to

0.85 f/puc-

() The nominal flexural tensile strength of AAC
masonry shall be determined from Section A.1.8.3.

A.2.3  Nominal axial strength
(plain) AAC masonry members

Nominal axial strength, P,, shall be computed using
Eq. (A-3) or Eq. (A-4).

of unreinforced

(a) For members having an A/r ratio not greater than 99:

, hoY
P, = 0.80{0.85/1” Flac [l_(@j E (A-3)

(b) For members having an A/r ratio greater than 99:

2
P, = 0.80[0.85/1” Flae (%j ]

A.2.4 Axial tension

The tensile strength of unreinforced AAC masonry
shall be neglected in design when the masonry is subjected
to axial tension forces.

(A-4)

A.2.5 Nominal shear strength of unreinforced
(plain) AAC masonry members

The nominal shear strength of AAC masonry, V,44c,
shall be the least of the values computed by Sections
A.3.4.1.2.1 through A.3.4.1.2.3. In evaluating nominal
shear strength by Section A.3.4.1.2.3, effects of
reinforcement shall be neglected. The provisions of
A.3.4.1.2 shall apply to AAC shear walls laid in other than
running bond.

A.2.6 Flexural cracking
The flexural cracking strength shall be computed in
accordance with Section A.3.6.5.
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A.3 — Reinforced AAC masonry

A3.1 Scope

The requirements of this section are in addition to the
requirements of Chapter 1 and Section A.l and govern
AAC masonry design in which reinforcement is used to
resist tensile forces.

A.3.2  Design assumptions
The following assumptions apply to the design of
reinforced AAC masonry:

(a) There is strain continuity between the reinforcement,
grout, and AAC masonry so that applicable loads are
resisted in a composite manner.

(b) The nominal strength of reinforced AAC masonry
cross sections for combined flexure and axial load
shall be based on applicable conditions of equilibrium.

(¢) The maximum usable strain, &,,, at the extreme AAC
masonry compression fiber shall be assumed to be 0.003.

(d) Strain in reinforcement and AAC masonry shall be
assumed to be directly proportional to the distance
from the neutral axis.

(e) Tension and compression stresses in reinforcement
shall be calculated as the product of steel modulus of
elasticity, E;, and steel strain, &, but shall not be
greater than f;,.

(f) The tensile strength of AAC masonry shall be
neglected in calculating flexural strength but shall be
considered in calculating deflection.

(g) The relationship between AAC masonry compressive
stress and masonry strain shall be assumed to be defined
by the following: AAC masonry stress of 0.85 f /;4¢ shall
be assumed uniformly distributed over an equivalent
compression stress block bounded by edges of the cross
section and a straight line parallel to the neutral axis and
located at a distance ¢ =0.67c¢ from the fiber of
maximum compressive strain. The distance ¢ from the
fiber of maximum strain to the neutral axis shall be
measured perpendicular to the neutral axis.

A.3.3  Reinforcement requirements and details

A.3.3.1 Reinforcing bar size limitations —
Reinforcing bars used in AAC masonry shall not be larger
than No. 9 (M#29). The nominal bar diameter shall not
exceed one-eighth of the nominal member thickness and shall
not exceed one-quarter of the least clear dimension of the
grout space in which it is placed. In plastic hinge zones, the
area of reinforcing bars placed in a grout space shall not
exceed 3 percent of the grout space area. In other than plastic
hinge zones, the area of reinforcing bars placed in a grout
space shall not exceed 4.5 percent of the grout space area.

A.3.3.2 Standard hooks — The equivalent
embedment length to develop standard hooks in tension,
I, , shall be determined by Eq. (A-5):

1, =13d, (A-5)

A.3.3.3 Development
A.3.3.3.1 Development of tension and
compression reinforcement — The required tension or
compression reinforcement shall be developed in
accordance with the following provisions:

The required development length of reinforcement
shall be determined by Eq. (A-6), but shall not be less than
12 in. (305 mm).

0.13d," f,r

l, =
‘ KAAC\/Z

K,4c shall not exceed the smallest of the following:
the minimum grout clear cover, the clear spacing between
adjacent reinforcement splices, and 5d, .

y = 1.0 for No. 3 (M#10) through No. 5 (M#16) bars;
y = 1.3 for No. 6 (M#19) through No. 7 (M#22) bars;

(A-6)

and
y = 1.5 for No. 8 (M#25) through No. 9 (M#29) bars.

A.3.3.3.2 Development of shear
reinforcement — Shear reinforcement shall extend the
depth of the member less cover distances.

A.3.3.3.2.1 Except at wall intersections,
the end of a horizontal reinforcing bar needed to satisfy shear
strength requirements of Section A.3.4.1.2, shall be bent
around the edge vertical reinforcing bar with a 180-degree
hook. The ends of single-leg or U-stirrups shall be anchored
by one of the following means:

(a) A standard hook plus an effective embedment of /,/2.
The effective embedment of a stirrup leg shall be
taken as the distance between the mid-depth of the
member, d/2, and the start of the hook (point of
tangency).

(b) For No. 5 (M #16) bars and smaller, bending around
longitudinal reinforcement through at least 135
degrees plus an embedment of [/3. The [,/3
embedment of a stirrup leg shall be taken as the
distance between mid-depth of the member, d/2, and
the start of the hook (point of tangency).

(c) Between the anchored ends, each bend in the
continuous portion of a transverse U-stirrup shall
enclose a longitudinal bar.
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A3.3.3.22 At wall intersections,
horizontal reinforcing bars needed to satisfy shear strength
requirements of Section A.3.4.1.2 shall be bent around the
edge vertical reinforcing bar with a 90-degree standard hook
and shall extend horizontally into the intersecting wall a
minimum distance at least equal to the development length.

A.3.3.4 Splices — Reinforcement splices shall
comply with one of the following:

(a) The minimum length of lap for bars shall be 12 in.
(305 mm) or the development length determined by
Eq. (A-6), whichever is greater.

(b) A welded splice shall have the bars butted and welded
to develop at least 125 percent of the yield strength,
J», of the bar in tension or compression, as required.

(¢) Mechanical splices shall have the bars connected to
develop at least 125 percent of the yield strength, f;,
of the bar in tension or compression, as required.

A3.3.5 Maximum reinforcement percentages —
The ratio of reinforcement, p, shall be calculated in accordance
with Section 3.3.3.5 with the following exceptions:

The maximum usable strain, &, , at the extreme
masonry compression fiber shall be assumed to be
0.003 for AAC masonry.

The strength of the compression zone shall be
calculated as 85 percent of f /4c multiplied by 67
percent of the area of the compression zone.

A.3.3.6 Bundling of reinforcing bars —
Reinforcing bars shall not be bundled.

A.3.4  Design of beams, piers, and columns

Member design forces shall be based on an analysis
that considers the relative stiffness of structural members.
The calculation of lateral stiffness shall include the
contribution of beams, piers, and columns. The effects of
cracking on member stiffness shall be considered.

A.3.4.1 Nominal strength

A3.4.1.1  Nominal axial and flexural
strength — The nominal axial strength, P,, and the nominal
flexural strength, M,,, of a cross section shall be determined
in accordance with the design assumptions of Section A.3.2
and A.3.4.1. For any value of nominal flexural strength, the
corresponding nominal axial strength calculated in
accordance with Sections A.3.2 and A.3.4.1 shall be
modified for the effects of slenderness. The nominal flexural
strength at any section along a member shall not be less than
one-fourth of the maximum nominal flexural strength at the
critical section.

The nominal axial compressive strength shall not
exceed Eq. (A-7) or Eq. (A-8), as appropriate.

(a) For members having an A/r ratio not greater than 99:

, hY
P, =0.80[0.85 740 (4, — 4,)+ fyAS]{l—(W) } (A-7)

(b) For members having an A/r ratio greater than 99:

2
P, =0.80[0.85 f i (4, — 4,)+ £, 4, ][ 72r] (A-8)

A3.4.1.2 Nominal shear strength —

Nominal shear strength, V,,, shall be computed using Eq.
(A-9) and either Eq. (A-10) or Eq. (A-11), as appropriate.

Vn = VnAAC + VS (A'9)

where V, shall not exceed the following:

(a) Where M,/V, d, <0.25:

Vn < 6An v f/:lAC

(b) Where M,/V, d, > 1.00

(A-10)

Vn < 4An f/:lAC (A'l 1)
(¢) The maximum value of V, for M,/V, d, between 0.25
and 1.0 shall be permitted to be linearly interpolated.

The nominal masonry shear strength shall be taken as
the least of the values computed using Section A.3.4.1.2.1
through A.3.4.1.2.3. Nominal shear strength provided by
reinforcement, V,;, shall include only deformed
reinforcement embedded in grout for AAC shear walls.

A.3.4.1.2.1 Nominal masonry shear
strength as governed by web-shear cracking — Nominal
masonry shear strength as governed by web-shear
cracking, V,44c, shall be computed using Eq. (A-12a) for
AAC masonry with mortared head joints, and Eq. (A-12b)
for masonry with unmortared head joints:

| P
Viaac =095, 14 fuuc \/1+—“ (A-12a)

2.4 fx;AC }\‘wt

, (A-12b)
244 fguc Myt

For AAC masonry in other than running bond, nominal
masonry shear strength as governed by web-shear cracking,
V,44c shall be computed using Eq. (A-12c):

, P

Vosse =09+ fuc 4, +0.05P, (A-12¢)

A.3.4.1.2.2 Nominal shear strength as
governed by crushing of diagonal compressive strut —
For walls with M,/V, d,<1.5, nominal shear strength,
V,.aac, as governed by crushing of a diagonal strut, shall be
computed as follows:
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h-l?

Voie =017 f ot ——2—— (A-13)
nAAC fAAC h2+(%lw)2

For walls with M,/V, d, equal to or exceeding 1.5, capacity
as governed by crushing of the diagonal compressive strut
need not be calculated.

A.3.4.1.2.3 Nominal shear strength as
governed by sliding shear — At an unbonded interface,
nominal shear strength governed by sliding shear, V,44c,
shall be as follows:

Viaac = Haachy (A-14)

At an interface where thin-bed mortar or leveling-bed
mortar are present, the nominal sliding shear capacity shall
be calculated by Eq. A-14 using the coefficient of friction
from Section A.1.8.5.

A.3.4.1.2.4 Nominal shear strength
provided by shear reinforcement — Nominal shear
strength provided by reinforcement, V,;, shall be
computed as follows:

A
Vs :( Vnydv

N

(A-15)

A.3.4.1.2.5 Nominal shear strength
governed by out-of-plane loading shall be computed as
follows:

Viaac =08 f" yuc bd

A.3.4.2 Beams — Design of beams shall meet
the requirements of Section 1.13 and the additional
requirements of Section A.3.4.2.

(A-16)

A.3.4.2.1 Members designed primarily to
resist flexure shall comply with the requirements of
Section A.3.4.2. The factored axial compressive force on a
beam shall not exceed 0.05 4,,f %c-

A.3.4.2.2 Longitudinal reinforcement
A3.4.2.2.1 The variation in longitudinal
reinforcing bars shall not be greater than one bar size. Not
more than two bar sizes shall be used in a beam.

A.3.42.2.2 The nominal flexural
strength of a beam shall not be less than 1.3 multiplied by
the nominal cracking moment of the beam, M,.. The
modulus of rupture, f.44c, for this calculation shall be
determined in accordance with Section A.1.8.3.

A.3.4.2.3 Transverse reinforcement —
Transverse reinforcement shall be provided where V,
exceeds ¢V, 4c. The factored shear, V,, shall include the
effects of lateral load. When transverse reinforcement is
required, the following provisions shall apply:

(a) Transverse reinforcement shall be a single bar with a
180-degree hook at each end.

(b) Transverse reinforcement shall be hooked around the
longitudinal reinforcement.

(¢) The minimum area of transverse reinforcement shall
be 0.0007 bd, .

(d) The first transverse bar shall not be located more than
one-fourth of the beam depth, d,, from the end of the
beam.

(¢) The maximum spacing shall not exceed the lesser of
one-half the depth of the beam or 48 in. (1219 mm).

A.3.4.2.4 Construction — Beams shall be
grouted solid.

A3.4.2.5 Dimensional limits — The nominal
depth of a beam shall not be less than 8 in. (203 mm).

A.3.4.3 Piers
A.3.43.1 The factored axial compression
force on the piers shall not exceed 0.3 4,,f 44c-

A.3.4.3.2 Longitudinal reinforcement — A
pier subjected to in-plane stress reversals shall be
reinforced symmetrically about the geometric center of the
pier. The longitudinal reinforcement of piers shall comply
with the following:

(a) At least one bar shall be provided in each end cell.

(b) The minimum area of longitudinal reinforcement shall
be 0.0007 bd.

A.3.4.3.3 Dimensional limits — Dimensions
shall be in accordance with the following:

(a) The nominal thickness of a pier shall not be less than
6 in. (152 mm) and shall not exceed 16 in. (406 mm).

(b) The distance between lateral supports of a pier shall
not exceed 25 multiplied by the nominal thickness of
a pier except as provided for in Section A.3.4.3.3(c).

(¢) When the distance between lateral supports of a pier
exceeds 25 multiplied by the nominal thickness of the
pier, design shall be based on the provisions of
Section A.3.5.

(d) The nominal length of a pier shall not be less than
three multiplied by its nominal thickness nor greater
than six multiplied by its nominal thickness. The clear
height of a pier shall not exceed five multiplied by its
nominal length.

Exception: When the factored axial force at the
location of maximum moment is less than
0.05 f "4c Ag, the length of a pier shall be permitted to
be taken equal to the thickness of the pier.
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A.3.44 Columns — Design of columns shall
meet the requirements of Section 1.14 and the additional
requirements of Section A.3.4.4.

A3.4.4.1 Construction — Columns shall be
solid grouted.

A.3.4.4.2 Dimensional limits — Dimensions
shall be in accordance with the following:

(a) The distance between lateral supports of a column
shall not exceed 30 multiplied by its nominal width.

(b) The nominal depth of a column shall not be less than
8 in. (203 mm) and not greater than three multiplied
by its nominal width.

A.3.5 Wall design for out-of-plane loads
A.3.5.1 Scope — The requirements of Section
A.3.5 are for the design of walls for out-of-plane loads.

A.3.5.2 Maximum  reinforcement —  The
maximum reinforcement ratio shall be determined by
Section A.3.3.5.

A.3.5.3 Moment and deflection calculations —
Moment and deflection calculations in Section A.3.5.4 and
A.3.5.5 are based on simple support conditions top and
bottom. For other support and fixity conditions, moments,
and deflections shall be calculated using established
principles of mechanics.

A.3.5.4 Walls with factored axial stress of
0.20f 44c or less — The procedures set forth in this
section shall be used when the factored axial load stress at
the location of maximum moment satisfies the requirement
computed by Eq. (A-17).

[j“ ]so.zomc (A-17)

g

When the slenderness ratio, A/t, exceeds 30, the
factored axial stress shall not exceed 0.05 f 7 4c

Factored moment and axial force shall be determined
at the midheight of the wall and shall be used for design.
The factored moment, M, , at the midheight of the wall
shall be computed using Eq. (A-18).

2
M, =Y +P, 21 P,S, (A-18)
8 )
Where:
P, =P, +P, (A-19)

The deflection due to factored loads (9,) shall be
obtained using Eq. (A-24) and (A-25) and replacing M,
with M, and &, with J,.

The design strength for out-of-plane wall loading shall
be in accordance with Eq. (A-20).

M,<¢M, (A-20)

The nominal moment shall be calculated using Egs.
(A-21) and (A-22) if the reinforcing steel is placed in the
center of the wall.

M, =(4,s,+P, {d —%j (A-21)
(B, +4.7,)
T 0.85f7,0 b (A-22)

The nominal shear strength for out-of-plane loads
shall be determined by Section A.3.4.1.2.5.

A.3.5.5 Deflections — The horizontal midheight
deflection, o;, under service lateral and service axial loads
(without load factors) shall be limited by the relation:

5, <0.007 (A-23)

P-delta effects shall be included in deflection
calculation. The midheight deflection shall be computed
using either Eq. (A-24) or Eq. (A-25), as applicable.

(a) Where M., <M.,

S5M_ h*
5, = s (A-24)
48E 140l

(b) Where Mcr < Mser < Mn

5M ,,h* +5(M -M, )’

— ser. cr
g 48EAACIg 48EAACICI“

(A-25)
The cracking moment of the wall shall be computed
using Eq. (A-26), where f,44¢ is given by Section A.1.8.3:

Mcr = Sn (frAAC + Ai] (A_26)

n

If the section of AAC masonry contains a horizontal
leveling bed, the value of f,4c shall not exceed 50 psi
(345 kPa).

A.3.6  Wall design for in-plane loads
A.3.6.1 Scope — The requirements of Section
A.3.6 are for the design of walls to resist in-plane loads.

A.3.6.2 Reinforcement — Reinforcement shall
be in accordance with the following:

(a) Reinforcement shall be provided perpendicular to the
shear reinforcement and shall be at least equal to one-third
A, . The reinforcement shall be uniformly distributed and
shall not exceed a spacing of 8 ft (2.44 m).

(b) The maximum reinforcement ratio shall be determined
in accordance with Section A.3.3.5.
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A.3.6.3 Flexural and axial strength — The
nominal flexural and axial strength shall be determined in
accordance with Section A.3.4.1.1.

A.3.6.4 Shear strength — The nominal shear
strength shall be computed in accordance with Section
A3.4.1.2.

A.3.6.5 Flexural cracking strength — The
flexural cracking strength shall be computed in accordance
with Eq. (A-27), where f,44c is given by Section A.1.8.3:

S P
| 4+
o= (frAAC , ]

n

(A-27)

If the section of AAC masonry contains a horizontal
leveling bed, the value of f,4c shall not exceed 50 psi
(345 kPa).

A.3.6.6 The maximum reinforcement requirements
of Section A.3.3.5 shall not apply if a shear wall is
designed to satisfy the requirements of Sections A.3.6.6.1
through A.3.6.6.4.

A.3.6.6.1 The need for special boundary
elements at the edges of shear walls shall be evaluated in
accordance with Section A.3.6.6.2 or A.3.6.6.3. The
requirements of Section A.3.6.6.4 shall also be satisfied.

A.3.6.6.2 This Section applies to walls
bending in single curvature in which the flexural limit state
response is governed by yielding at the base of the wall.
Walls not satisfying those requirements shall be designed
in accordance with Section A.3.6.6.3.

(a) Special boundary elements shall be provided over
portions of compression zones where:

/

W

2 600(C,5,. h)

and c is calculated for the P, given by ASCE 7 Load
Combination 5 (1.2D+1.0E+L+0.2S) or the
corresponding strength design load combination of the
legally adopted building code, and the corresponding
nominal moment strength, M, , at the base critical
section. The load factor on L in Load Combination 5

is reducible to 0.5, as per exceptions to Section 2.3.2
of ASCE 7.

(b) Where special boundary elements are required by
Section A.3.6.6.2 (a), the special boundary element
reinforcement shall extend vertically from the critical
section a distance not less than the larger of [, or
M,/AV,.

A.3.6.6.3 Shear walls not designed to the
provisions of Section A.3.6.6.2 shall have special
boundary elements at boundaries and edges around
openings in shear walls where the maximum extreme fiber
compressive stress, corresponding to factored forces
including earthquake effect, exceeds 0.2 f''44c. The special
boundary element shall be permitted to be discontinued
where the calculated compressive stress is less than
0.15 f 744c . Stresses shall be calculated for the factored
forces using a linearly elastic model and gross section
properties. For walls with flanges, an effective flange
width as defined in Section 1.9.4.2.3 shall be used.

A.3.6.6.4 Where special boundary elements are
required by Section A.3.6.6.2 or A.3.6.6.3, (a) through (d)
shall be satisfied and tests shall be performed to verify the
strain capacity of the element:

(a) The special boundary element shall extend
horizontally from the extreme compression fiber a
distance not less than the larger of (¢ - 0.1/,,) and ¢/2.

(b) In flanged sections, the special boundary element shall
include the effective flange width in compression and
shall extend at least 12 in. (305 mm) into the web.

(c) Special boundary element transverse reinforcement at
the wall base shall extend into the support at least the
development length of the largest longitudinal
reinforcement in the boundary element unless the
special boundary element terminates on a footing or
mat, where special boundary element transverse
reinforcement shall extend at least 12 in. (305 mm)
into the footing or mat.

(d) Horizontal shear reinforcement in the wall web shall
be anchored to develop the specified yield strength, f;,,
within the confined core of the boundary element.
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CONVERSION OF INCH-POUND UNITS TO SI UNITS

The equations in this Code are for use with the specified inch-pound
units only. The equivalent units for use with SI units follow.

Code Eq. No. SI Unit Units
or Sec. No. Equivalent Equation
E,, =700 f", for clay masonry ,
1.82.2.1 E, =900 1", for concrete masonry S’ in MPa
1.8.2.3.1 Ejic=887.8 (fuic )™ f4acin MPa
1.8.2.4 5001 7% 's in MPa
Lin mm*
3 M 3 I, in mm*
(1-1) Iy —In[ C’] +1,, 1—[ ”] <I, I, in mm*
a M, M., in N-mm
M, in N-mm
. 2
(1-2) Apt _ ﬂ'l; Ap', in mm
[, in mm
(1-3) 77[136 Apv' in mm®
4, = 5 Iy, in mm
A, in mm’
(2_1) Bab =0.1 1Apt ,fr;t Bab in Newtons
f.; in MPa
A, in mm’
(2-2) B, =0.64,1, B, in Newtons
f;in MPa
Ay in mm’
' B, in Newt
(2-3) By = 0114,/ /3, » in Newtons
fn inMPa
f', in MPa
e, in mm
2-4 , d, In mm
( ) Bap :0.6fmebdh +0837[(1b +€b +db)db lhbinmm
B,, in Newtons
A, in mm?
(2-5) B, =0.64,f, B, in Newtons
fyin MPa
A, in mm’
(2-6) Bab =01 lApv f‘;;z B,;, in Newtons
fn inMPa
7 B, in Newtons
(2-7 B, =10724 1., 4 , .
) ab Ty § fn4, in Newtons
(2-8) B _ , A, in mm’
Bipry =2.084 =254, fn B, in Newtons
B, in Newtons
f.n inMPa
(2-9) B, =0364,f, Ay in mm”

B, in Newtons
£, in MPa
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Code Eq. No.
or Sec. No.

SI Unit
Equivalent Equation

Units

(2-10)

b, in Newtons
b, in Newtons
B, in Newtons
B, in Newtons

2.1.5.2.2(c)

0.083 \/ unit compressive strength of header

\/ unit compressive strength of header in MPa

2-11)

dp in mm
F;in MPa
l; in mm

2.1.9.4.1.5(b)

4,50.41 28
7y

s < (ij
8/

A, in mm?

b,, in mm

s in mm

fyin MPa

d in mm

B is dimensionless

(2-12)

db in mn

VS inMPa
fyin MPa
K in mm
[, in mm

(2-13)

F,in MPa
F, in MPa
f.in MPa
f»in MPa

(2-14)

P in Newtons
P, in Newtons

(2-15)

F,in MPa
1", in MPa
5 in mm
7 in mm

(2-16)

F,in MPa
f'nin MPa
A in mm
7 in mm

(2-17)

F), in MPa
f",in MPa

(2-18)

E, in MPa

e in mm

5 in mm

I in mm*

P, in Newtons
7 in mm

(2-19)

b in mm
f,in MPa

I in mm*

Q in mm’

V in Newtons
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Code Eq. No.
or Sec. No.

SI Unit
Equivalent Equation

Units

2.2.5.2(a)

0.125./1

£/ in MPa

m

Answer in MPa

2.2.5.2(c)

255+ 0.45 N, /4,

A, in mm?
Ny in Newtons
Answer in kPa

2.2.5.2(d)

255+ 0.45 N, /4,

A, in mm’
Ny in Newtons
Answer in kPa

2.2.5.2(e)

414+ 0.45 N, /4,

A, in mm’
Ny in Newtons
Answer in kPa

(2-20)

h 2
P =(025f"A4 +0.65A4_F. l—(—j

h in mm
P, in Newtons
7 in mm

A, in mm>
A,, in mm?>
F,in MPa
1", in MPa

(2-21)

707

P, =(025fL4, + 0.65Aﬁ1u;)[7

;

A in mm
P, in Newtons
7 in mm

A, in mm’
Ay, in mm’
F;in MPa

' in MPa

(2-22)

Pmax = 7~
2fy[n+ fy' j

Jyin MPa
' in MPa

(2-23)

b in mm
d in mm
f, in MPa
V in Newtons

(2-24)

F,=0.083 [/

F,in MPa
fn inMPa

(2-25)

F, = 0.028[4— (M / VS,
but shall not exceed
0.55—0.31 (M/Vd) in MPa

d in mm

F, in MPa

M in Newton-mm
V in Newtons

fn, inMPa

(2-26)

F,=0.083./f)

F,in MPa
f) in MPa

m

(2-27)

F,=025fn

F, in MPa
fn inMPa

(2-28)

F, = 0.042[4— (M /Vd)L[f!
but shall not exceed
0.82 - 0.31 (M/Vd) in MPa

d in mm

F,in MPa

M in Newton-mm
V in Newtons

\/E in MPa

(2-29)

F,=0.125./f]

F, in MPa
fn inMPa
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Code Eq. No.
or Sec. No.

SI Unit
Equivalent Equation

Units

(2-30)

A, in mm?

d in mm
F;in MPa

s in mm

V in Newtons

(-1

Banb = 033Apt Vfr;z

- 7
Ay, In mm
.
fn inMPa

B,,, in Newtons

(3-2)

Bans = Abfy

A, in mm’
Jyin MPa
B,,s in Newtons

(3-3)

B, = 0.33Ap,,/ 1

- 7
A, In mm

\/E in MPa

B, in Newtons

(3-4)

B, =15f", e,d, +2.07x(l, +e, +d,)d,

f', in MPa

e, in mm

d, in mm

[, in mm

By in Newtons

(3-5)

Bans = Abfy

A, in mm?
fyin MPa
B, in Newtons

(3-6)

By = 0.33APV\/E

‘ )
Apy in mm
T
f,n inMPa

B, in Newtons

(3-7)

anc :32164\If‘m Ab

B, in Newtons

4/ f, A, in Newtons

(3-8)

By =208, = 0.674,, f

- 7
A, In mm
.
fn mmMPa

B, in Newtons

(3-9)

B, =0.64,f,

A, in mm’
fyin MPa
B,,; in Newtons

(3-10)

b b,
gL M <

¢ Ban ¢ BVV[

b,rin Newtons
b,y in Newtons
B,, in Newtons
B,, in Newtons

(3-11)

Y h
P, =0.8010.804, f. 1—( ] For —<99
140r r

P, in Newtons
A, in mm’
f' in MPa

(3-12)

7

2
Pn=0.80{0.80Anf,,’,(72r)] For 7599

P, in Newtons
A, in mm?>
' in MPa
A in mm
7 in mm

(3-13)

M, =M

c u

M, in N-mm
M, in N-mm
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Code Eq. No.
or Sec. No.

SI Unit
Equivalent Equation

Units

(3-14)

1

P
1_ u

70r ?
A | —
()

A, in mm’

/' in MPa

P, in Newtons
A in mm

7 in mm

3.2.4(a)

0334, [/,

A, in mm®
' in MPa

3.2.4(b)

0.834,

. 2
A, In mm

3.2.4(c)

0.264, +0.45N,

A, in mm’

N, in Newtons

3.2.4(d)

0.264, +0.45N,

A, in mm’
N, in Newtons

3.2.4(e)

0.4144, +0.45N,,

A, in mm’
N, in Newtons

3.2.4(f)

0.1034,

A, in mm’

(3-15)

1, =13d,

/, in mm
d, in mm

(3-16)

z 15d,fy
K

dp in mm
fn, inMPa
f;in MPa

K in mm
/; in mm

(3-17)

P, =080[0.80 7, (4, — 4, )+ fyAst]ll—( h

140r

/]

A, in mm’

A, in mm’

f' in MPa
f,in MPa

P, in Newtons
5 in mm

7 in mm

(3-18)

707

P, =0.80[0.80;, (4, A, )+ f, A, ](—]2

h

A, in mm’
Ay, in mm?

' in MPa
fyin MPa
P, in Newtons
5 in mm
7 in mm

(3-19)

Vl‘l = Vnm + Vns

V.m in Newtons
V,s in Newtons
V, in Newtons

(3-20)

M
V,<0.54,.f, For 2025

u-—v

A, in mm?

M, in N-mm
V, in Newtons
d, in mm

V, in Newtons

fn inMPa
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Code Eq. No.
or Sec. No.

SI Unit
Equivalent Equation

Units

(3-21)

V,<0.334,.f, For

Mlt
V,d

urv

>1.00

A, in mm>

M, in N-mm
V, in Newtons
d, in mm

V, in Newtons

\/E in MPa

(3-22)

Vi = 0.083{

M
4.0—1.75[V; HA,,,/fn; +0.25P
u—y

A, in mm?

M, in N-mm

V, in Newtons
d, in mm

V.m iIn Newtons

fn inMPa

(3-23)

A
Vs =O.5( ijy d,

N

A, in mm>
f, in MPa

d, in mm

s In mm

V,s in Newtons

(3-24)

(P“Js 0.05/,,
Ag

P, in Newtons
Agin mm’
f', in MPa

(3-25)

M

u

w h?

=X +Pufe—“+P5

8 2

u

A in mm

w, in N/mm
P,sin Newtons
e, In mm

P, in Newtons
€, iIn mm

o, in mm

M, in N-mm

(3-26)

b=k

uw

+ Puf

P, in Newtons
P,sin Newtons
P,,, in Newtons

(3-27)

M, in N-mm
M, in N-mm

(3-28)

M, in N-mm
A, in mm®
f,in MPa

d in mm

a in mm

P, in Newtons

(3-29)

(Pu + Asfy)
0.80f,.b

a in mm

f' in MPa

A, in mm?

P, in Newtons
f, in MPa

b in mm

(3-30)

5, <0.007

o, In mm
h in mm
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Code Eq. No.
or Sec. No.

SI Unit
Equivalent Equation

Units

(3-31)

5M ., h*
=—>%— For M, <M,
48E, 1,

o, In mm

A in mm

E,, in MPa
Iyin mm*
M,,, in N-mm
M., in N-mm

(3-32)

_ 5Alcrh2 +5(Mser _Mcr)h2
' 48E,I, 48E, 1

m=cr

For M, <M, <M,

o, in mm

5 in mm

E, in MPa

I, in mm*
M,,, in N-mm
M., in N-mm
M, in N-mm
L, in mm*

3.3.6.5.1

P,<0.10 A,f
P,<0.05 A,f ",

P, in Newtons
A, in mm’
f', in MPa

3.3.6.5.1

M

Vul

<1.0

w

M, in N-mm
V, in Newtons
[, in mm

3.3.6.5.1

<3.0

; M
V, <0254, f, and l”
u-w

7

A, in mm’
1", in MPa
[, iIn mm
M, in N-mm
V, in Newtons

3.3.6.5.3 (a)

c> #
600(C,5,,/h,)

¢ in mm
h,, in mm
[, in mm
O, IN MM

(4-1)

fpSApS +fyAS +Pu
g
08 1. b

a in mm

Jps in MPa

Ay in mm®
fyin MPa

A, in mm®

P, in Newtons
f', in MPa

b in mm

(4-2)

M, = (f A, +f A4 + Pu)(d—%)

M, in Newton‘mm

Jps in MPa
: 2

Apy iIn mm
fyin MPa

. 2
A, iIn mm
P, in Newtons
d in mm
a in mm

(4-3)

d S ouA ps
= 6,900) | — | [1-1.4] =22
=S )[IJ (bdf J

m

Jps in MPa
fse In MPa
d in mm
I, in mm
Jou in MPa
A, in mm”
b in mm

', in MPa
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Code Eq. No. SI Unit

or Sec. No. Equivalent Equation Units

Jps in MPa
fse In MPa
" d in mm

_ i _ pu“* ps lp in mm
(4-4) S ps= f e T (4:830) { IJ ! 1-4{—1) o J fouin MPa
A, in mm’
b in mm
f', in MPa

m

f; in MPa
(A-1) £, =024f, ,
! Jace M in MPa

_ ' f, in MPa
(A—2) fv - O'ISfAAC f,AACin MPa

A in mm
7 in mm

‘ o\ A, in mm?
(A-3) B, = 080085/ ic (4, — 4)+ 1,4, {1 - (WJ 1 A, in mm’
r fyin MPa
f "’ 44c in MPa
P, in Newtons

5 in mm
7 in mm
' 7012 A, in mm’
(A-4) P, = 0.80[0.85fAAC (4, —A4)+ 1,4, {—j A in mm
h Jyin MPa
f IAAC in MPa
P, in Newtons

[, iIn mm
- 1, =13d €
(A-3) ¢ b dy in mm

l;, in mm

dp in mm
1.5d,> b
_ dy fyy K 4c in mm

(A-6) lgy=—"= .
K 440 ,fg Jyin MPa

\/E in MPa

5 in mm
WV 7 in mm )

' A, in mm
(A7) P, = 0.80[0.85fAAC (4, -4,)+ fy A, ‘:1 —(m) ] A, in mm?
Jyin MPa
f IAAC in MPa
P, in Newtons

h in mm
r in mm
, 70r 2 A, in mm’
(A-8) P, = 0.80[0.85 fasc (A, —A)+ [, A, [—j A, in mm’
h fyin MPa
f"44c in MPa
P, in Newtons

V, =V,u4c +V, in Newtons
(A-9) Vi =Viaac +Vas Viaac in Newtons

V,s in Newtons
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Code Eq. No.
or Sec. No.

SI Unit
Equivalent Equation

Units

(A-10)

Vn SO'SAn f/:lAC

V, in Newtons

\fisc inMPa

A, in mm’

(A-11)

V, <0334, fc

V, in Newtons

Vfusc inMPa

A, in mm’

(A-12a)

v,

! ]314
waac =0.08 0, 14 fauc \/1+—

0.2y fauc T 1

V,44c in Newtons
P, in Newtons

\fiuc inMPa

[, iIn mm
¢t in mm

(A-12b)

, P
Viaac = 00554, 1 fauc \/1+ =

0.2y faac Ty

V,44c In Newtons
P, in Newtons

v/ ic inMPa

[, in mm
¢ in mm

(A-12¢)

Visac =0.075y f4c A, +0.05P,

V,44c in Newtons
P, in Newtons

Vfusc inMPa

A, in mm’

(A-13)

, (. V
Ve =170000 [0t _ )

n

V,44c in Newtons
’AAC in MPa

tinminm

A in mm

[, in mm

(A-14)

Viaac = Haach,

V,44c in Newtons
P, in Newtons

(A-15)

v, = (AV ]fydv

N

V,s in Newtons
Jyin MPa

s In mm

d, in mm

A, in mm>

(A-16)

Viaac =0.066 4 fc bd

V,44c in Newtons

v/ 4ac inMPa

b in mm
d in mm

(A-17)

P .
<02/ 44¢

P, in Newtons
f IA AC in MPa
A, in mm’

(A-18)

P, in Newtons
P,sin Newtons
5 in mm

e, in mm

o, in mm

w, in N/mm
M, in N-mm
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Code Eq. No.
or Sec. No.

SI Unit
Equivalent Equation

Units

(A-19)

P, =PF,, +Py

P,, in Newtons
P,,, in Newtons
P,sin Newtons

(A-20)

M,<oM,

M, in Newton-mm
M, in Newton-mm

(A-21)

M, =(4,1,+P, {d —%]

P, in Newtons
A in mm

a in mm

d in mm

A, in mm?
fyin MPa

M, in N-mm

(A-22)

. (A f, +F,)
0.85f 40 b

a in mm

P, in Newtons
5 in mm

b in mm

A, in mm?
f,in MPa

(A-23)

5, <0.0007

J, iIn mm
h in mm
7

(A-24)

_ SMh?
Y 48E 40,

I, in mm
5 in mm
EAAC in MPa
M., in N-mm

(A-25)

SMh* S(My, M, )h?

ser

o, = +
ABE 4401, 48E 44!,

I, in mm*

h in mm

E, cin MPa
M., in N-mm
M,,, in N-mm

(A-26)

P
Mcr =Sn(frAAC +A—J

S, in mm’

A, in mm?
fra4cin MPa
P in Newtons
M., in N-mm.

(A-27)

S, in mm’

A, in mm?

5 in mm
fra4cin MPa

P in Newtons
V.. in Newtons

A.3.6.62 ()

c> #
600 (C,3,, /)

¢ in mm
h,, In mm
[, iIn mm
O, In MM
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PREFACE

P1. This Preface is included for explanatory purposes
only; it does not form a part of Specification TMS 602-
08/ACI 530.1-08/ASCE 6-08.

P2. Specification TMS 602-08/ACI 530.1-08/ASCE 6-
08 is a reference standard which the Architect/Engineer may
cite in the contract documents for any project, together with
supplementary requirements for the specific project.

P3. Specification TMS 602-08/ACI 530.1-08/ASCE
6-08 is written in the three-part section format of the
Construction Specifications Institute, as adapted by ACIL
The language is generally imperative and terse.

P4. Specification TMS 602-08 /ACI 530.1-08/ASCE
6-08 is intended to be used in its entirety by reference in
the project specifications. Individual sections, articles, or
paragraphs should not be copied into the project
specifications since taking them out of context may change
their meaning.

P5. These mandatory requirements should designate
the specific qualities, procedures, materials, and
performance criteria for which alternatives are permitted
or for which provisions were not made in this
Specification. Exceptions to this Specification should be
made in the project specifications, if required.

P6. A statement such as the following will serve to
make Specification TMS 602-08/ACI 530.1-08/ASCE 6-08
an official part of the project specifications:

Masonry construction and materials shall conform to the
requirements of "Specification for Masonry Structures (TMS
602-08/ACI 530.1-08/ASCE 6-08)," published by The
Masonry Society, Boulder, Colorado; the American Concrete
Institute, Farmington Hills, Michigan; and the American
Society of Civil Engineers, Reston, Virginia, except as
modified by the requirements of these contract documents.
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PART 1 — GENERAL

1.1 — Summary

1.1 A. This Specification covers requirements for
materials and construction of masonry structures. SI values
shown in parentheses are provided for information only
and are not part of this Specification.

1.1 B. The Specification supplements the legally adopted
building code and governs the construction of masonry
elements designed in accordance with the Code, except
where this Specification is in conflict with requirements in
the legally adopted building code. In areas without a legally
adopted building code, this Specification defines the
minimum acceptable standards of construction practice.

1.1 C. This article covers the furnishing and
construction of masonry including the following:

1. Furnishing and placing masonry units, grout,
mortar, masonry lintels, sills, copings, through-wall
flashing, and connectors.

2. Furnishing, erecting and maintaining of bracing,
forming, scaffolding, rigging, and shoring.

3. Furnishing and installing other equipment for
constructing masonry.

4. Cleaning masonry and removing surplus material
and waste.

5. Installing lintels, nailing blocks, inserts, window
and door frames, connectors, and construction items
to be built into the masonry, and building in vent
pipes, conduits and other items furnished and
located by other trades.

1.2 — Definitions

A. AAC masonry — masonry made of autoclaved
aerated concrete (AAC) units, manufactured without
internal reinforcement, and bonded together using thin- or
thick-bed mortar.

B.  Acceptable, accepted — Acceptable to or accepted
by the Architect/Engineer.

C. Architect/Engineer — The architect, engineer,
architectural firm, engineering firm, or architectural and
engineering firm, issuing drawings and specifications, or
administering the work under project specifications and
project drawings, or both.

D. Area, gross cross-sectional — The area
delineated by the out-to-out dimensions of masonry in
the plane under consideration.

E. Area, net cross-sectional — The area of masonry
units, grout, and mortar crossed by the plane under
consideration based on out-to-out dimensions.

F. Autoclaved aerated concrete -- low-density
cementitious product of calcium silicate hydrates.

G. Bonded prestressing tendon — Prestressing tendon
that is encapsulated by prestressing grout in a corrugated duct
that is bonded to the surrounding masonry through grouting.

H. Cleanouts — Openings that are sized and spaced to
allow removal of debris from the bottom of the grout space.

I.  Collar joint — Vertical longitudinal space between
wythes of masonry or between masonry and back up
construction, which is permitted to be filled with mortar
or grout.

J.  Compressive strength of masonry — Maximum
compressive force resisted per unit of net cross-sectional
area of masonry, determined by testing masonry prisms; or
a function of individual masonry units, mortar and grout in
accordance with the provisions of this Specification.

K. Contract Documents — Documents establishing the
required Work, and including in particular, the Project
Drawings and Project Specifications.

L. Contractor — The person, firm, or corporation with
whom the Owner enters into an agreement for construction
of the Work.

M. Dimension, nominal — The specified dimension
plus an allowance for the joints with which the units are to
be laid. Nominal dimensions are usually stated in whole
numbers. Thickness is given first, followed by height and
then length.

N. Dimensions, specified — Dimensions specified for
the manufacture or construction of a unit, joint, or element.

O. Glass unit masonry — Nonload-bearing masonry
composed of glass units bonded by mortar.

P.  Grout — (1) A plastic mixture of cementitious
materials, aggregates, and water, with or without
admixtures, initially produced to pouring consistency
without segregation of the constituents during placement.
(2) The hardened equivalent of such mixtures.

Q. Grout, self-consolidating — A highly fluid and
stable grout typically with admixtures, that remains
homogeneous when placed and does not require puddling
or vibration for consolidation.

R.  Grout lift — An increment of grout height within a total
grout pour. A grout pour consists of one or more grout lifts.




S-6 MANUAL OF CONCRETE PRACTICE

S.  Grout pour — The total height of masonry to be
grouted prior to erection of additional masonry. A grout
pour consists of one or more grout lifts.

T.  Inspection, continuous — The Inspection
Agency’s full-time observation of work by being present
in the area where the work is being performed.

U.  Inspection, periodic — The Inspection Agency’s
part-time or intermittent observation of work during
construction by being present in the area where the work
has been or is being performed, and observation upon
completion of the work.

V. Mean daily temperature — The average daily
temperature of temperature extremes predicted by a local
weather bureau for the next 24 hours.

W. Minimum daily temperature — The low
temperature forecast by a local weather bureau to occur
within the next 24 hours.

X.  Minimum/maximum (not less than . . . not more
than) — Minimum or maximum values given in this
Specification are absolute. Do not construe that tolerances
allow lowering a minimum or increasing a maximum.

Y. Otherwise required — Specified differently in
requirements supplemental to this Specification.

Z. Owner — The public body or authority,
corporation, association, partnership, or individual for
whom the Work is provided.

AA. Partition wall — An interior wall without structural
function.

AB. Post-tensioning — Method of prestressing in which
prestressing tendons are tensioned after the masonry has
been placed.

AC. Prestressed masonry — Masonry in which internal
stresses have been introduced to counteract stresses in
masonry resulting from applied loads.

AD. Pretensioning — Method of prestressing in which
prestressing tendons are tensioned before the transfer of
stress into the masonry.

AE. Prestressing grout — A cementitious mixture used
to encapsulate bonded prestressing tendons.

AF. Prestressing tendon — Steel element such as wire,
bar, or strand, or a bundle of such elements, used to impart
prestress to masonry.

AG. Project Drawings — The Drawings that, along
with the Project Specifications, complete the descriptive
information for constructing the Work required or referred
to in the Contract Documents.

AH. Project Specifications — The written documents
that specify requirements for a project in accordance with

the service parameters and other
established by the Owner or his agent.

specific  criteria

Al. Quality assurance — The administrative and
procedural requirements established by the Contract
Documents to assure that constructed masonry is in
compliance with the Contract Documents.

AJ. Reinforcement — Nonprestressed steel reinforcement.

AK. Running bond — The placement of masonry units
such that head joints in successive courses are horizontally
offset at least one-quarter the unit length.

AL. Slump flow — The circular spread of plastic self-
consolidating grout, which is evaluated in accordance
ASTM C1611/C1611M.

AM. Specified compressive strength of masonry, [, —
Minimum compressive strength, expressed as force per unit
of net cross-sectional area, required of the masonry used in
construction by the Project Specifications or Project
Drawings, and upon which the project design is based.

AN. Stack bond — For the purpose of this
Specification, stack bond is other than running bond.
Usually the placement of masonry units is such that head
joints in successive courses are vertically aligned.

AO. Stone masonry — Masonry composed of field,
quarried, or cast stone units bonded by mortar.

1. Stone masonry, ashlar — Stone masonry
composed of rectangular units having sawed, dressed, or
squared bed surfaces and bonded by mortar.

2. Stone masonry, rubble — Stone masonry
composed of irregular shaped units bonded by mortar.

AP. Submit, submitted — Submit, submitted to the
Architect/Engineer for review.

AQ. Tendon anchorage — In post-tensioning, a device
used to anchor the prestressing tendon to the masonry or
concrete member; in pretensioning, a device used to anchor
the prestressing tendon during hardening of masonry
mortar, grout, prestressing grout, or concrete.

AR. Tendon coupler — A device for connecting two
tendon ends, thereby transferring the prestressing force
from end to end.

AS. Tendon jacking force — Temporary force exerted
by device that introduces tension into prestressing tendons.

AT. Unbonded prestressing tendon — Prestressing
tendon that is not bonded to masonry.

AU. Veneer, adhered — Masonry veneer secured to and
supported by the backing through adhesion.

AV. Visual stability index (VSI) — An index, defined in
ASTM C1611/C1611M, that qualitatively indicates the
stability of self-consolidating grout
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AW. Wall — A vertical element with a horizontal length
to thickness ratio greater than 3, used to enclose space.

AX. Wall, loadbearing — A wall supporting vertical
loads greater than 200 lb per lineal foot (2919 N/m) in
addition to its own weight.

AY. Wall, masonry bonded hollow — A multiwythe
wall built with masonry units arranged to provide an air
space between the wythes and with the wythes bonded
together with masonry units.

AZ. When required — Specified in requirements
supplemental to this Specification.

BA. Work — The furnishing and performance of
equipment, services, labor, and materials required by the
Contract Documents for the construction of masonry for
the project or part of project under consideration.

BB. Wythe — Each continuous vertical section of a
wall, one masonry unit in thickness.

1.3 — Reference standards

Standards referred to in this Specification are listed
below with their serial designations, including year of
adoption or revision, and are declared to be part of this
Specification as if fully set forth in this document except
as modified here.

American Concrete Institute

A. ACI 117-90 Standard Specifications for
Tolerances for Concrete Construction and Materials
(Reapproved 2002)

American National Standards Institute

B. ANSI A 137.1-88 Standard Specification for
Ceramic Tile

ASTM International

C. ASTM A36/A36M-05 Specification for Carbon
Structural Steel

D. ASTM A82/A82M-05a Specification for Steel
Wire, Plain, for Concrete Reinforcement

E. ASTM A123/A123M-02 Specification for Zinc
(Hot-Dip Galvanized) Coating on Iron and Steel Products

F. ASTM A153/A153M-05 Specification for Zinc
Coating (Hot-Dip) on Iron and Steel Hardware

G. ASTM A185/A185M-06 Specification for Steel
Welded Wire Reinforcement, Plain, for Concrete

H. ASTM A240/A240M-06 Specification for
Chromium and Chromium-Nickel Stainless Steel Plate,

Sheet, and Strip for Pressure Vessels and for General
Applications

L. ASTM A307-04 Specification for Carbon Steel
Bolts and Studs, 60,000 psi Tensile Strength

J. ASTM A416/A416M-05 Specification for Steel
Strand, Uncoated Seven-Wire for Prestressed Concrete

K. ASTM A421/A421M-05  Specification for
Uncoated Stress-Relieved Steel Wire for Prestressed
Concrete

L. ASTM A480/A480M-05 Specification for
General Requirements for Flat-Rolled Stainless and Heat-
Resisting Steel Plate, Sheet, and Strip

M. ASTM A496/A496M-05 Specification for Steel
Wire, Deformed, for Concrete Reinforcement

N. ASTM A497/A497M-06 Specification for Steel
Welded Reinforcement, Deformed, for Concrete

0. ASTM AS510-03 General Requirements for Wire
Rods and Coarse Round Wire, Carbon Steel

P. ASTM  A580/A580M-06
Stainless Steel Wire

Q. ASTM A615/A615M-06 Specification for Deformed
and Plain Carbon-Steel Bars for Concrete Reinforcement

R. ASTM A641/A641M-03  Specification for
Zinc-Coated (Galvanized) Carbon Steel Wire

S. ASTM A653/A653M-05a Specification for Steel
Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-
Coated (Galvanealed) by the Hot-Dip Process

T. ASTM A666-03 Specification for Annealed or
Cold-Worked Austenitic Stainless Steel, Sheet, Strip, Plate
and Flat Bar

U. ASTM A706/A706M-06 Specification for Low-
Alloy Steel Deformed and Plain Bars for Concrete
Reinforcement

V. ASTM A722/A722M-00 (2005) Specification for
Uncoated High-Strength Steel Bar for Prestressing
Concrete

W. ASTM A767/A767M-05 Specification for Zinc-
Coated (Galvanized) Steel Bars for Concrete Reinforcement

X. ASTM A775/A775M-01
Epoxy-Coated Steel Reinforcing Bars

Y. ASTM A884/A884M-04 Specification for
Epoxy-Coated Steel Wire and Welded Wire Fabric
for Reinforcement

Z. ASTM A899-91(2002) Specification for Steel
Wire Epoxy-Coated

AA. ASTM A951-02 Specification for Masonry
Joint Reinforcement

Specification  for

Specification  for
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AB. ASTM A996/A996M-06 Specification for
Rail-Steel and Axle-Steel Deformed Bars for
Concrete Reinforcement

AC. ASTM A1008/A1008M-05b Specification for
Steel, Sheet, Cold-Rolled, Carbon, Structural, High-Strength
Low-Alloy, High-Strength Low-Alloy with Improved
Formability, Solution Hardened, and Baked Hardenable

AD. ASTM B117-03 Practice for
Spray (Fog) Testing Apparatus

AE. ASTM C34-03 Specification for Structural Clay
Load-Bearing Wall Tile

AF. ASTM C55-03 Specification for Concrete Brick

AG. ASTM C56-05 Specification for Structural Clay
Non-Load-Bearing Tile

AH. ASTM C62-05 Specification for Building Brick
(Solid Masonry Units Made from Clay or Shale)

Al.  ASTM C67-05 Test Methods for Sampling and
Testing Brick and Structural Clay Tile

AJ. ASTM C73-05 Specification for Calcium Silicate
Face Brick (Sand-Lime Brick)

AK. ASTM C90-06 Specification for Load-Bearing
Concrete Masonry Units

AL. ASTM C109/C109M-05 Standard Test Method
for Compressive Strength of Hydraulic Cement Mortars
(Using 2-in. or [50-mm] Cube Specimens)

AM. ASTM C126-99 (2005) Specification for Ceramic
Glazed Structural Clay Facing Tile, Facing Brick, and
Solid Masonry Units

AN. ASTM C129-05 Specification for
Nonloadbearing Concrete Masonry Units

AO. ASTM C143/C143M-05a Test Method for Slump
of Hydraulic Cement Concrete

AP. ASTM C144-04 Specification for Aggregate for
Masonry Mortar

AQ. ASTM C150-05 Specification for Portland Cement

AR. ASTM C212-00 Specification for Structural Clay
Facing Tile

AS. ASTM C216-05a Specification for Facing Brick
(Solid Masonry Units Made from Clay or Shale)

AT. ASTM C270-05a Specification for Mortar for
Unit Masonry

AU. ASTM C476-02 Specification for Grout for Masonry

AV. ASTM (C482-02 Test Method for Bond Strength
of Ceramic Tile to Portland Cement

AW. ASTM C503-05 Specification for
Dimension Stone (Exterior)

Operating  Salt

Marble

AX. ASTM C568-03 Specification for Limestone
Dimension Stone

AY. ASTM (C615-03 Specification for
Dimension Stone

AZ. ASTM C616-03 Specification for Quartz-Based
Dimension Stone

BA. ASTM (C629-99
Dimension Stone

BB. ASTM C652-05a Specification for Hollow Brick
(Hollow Masonry Units Made from Clay or Shale)

BC. ASTM C(C744-05 Specification for Prefaced
Concrete and Calcium Silicate Masonry Units

BD. ASTM C901-01 Specification for Prefabricated
Masonry Panels

BE. ASTM C920-05 Specification for Elastomeric
Joint Sealants

BF. ASTM C1006-84 (2001) Test Method for
Splitting Tensile Strength of Masonry Units

BG. ASTM C1019-05 Test Method for Sampling and
Testing Grout

BH. ASTM C1072-05b Standard Test Method for
Measurement of Masonry Flexural Bond Strength

BI. ASTM C1088-05a Specification for Thin Veneer
Brick Units Made from Clay or Shale

BJ. ASTM C1314-03b Test Method for Compressive
Strength of Masonry Prisms

BK. ASTM C1386-98 Specification for Precast Autoclaved
Acrated Concrete (PAAC) Wall Construction Units

BL. ASTM C1405-05a Specification for Glazed Brick
(Single Fired Brick Units)

BM. ASTM C1611/C1611M-05 Standard Test Method for
Slump Flow of Self-Consolidating Concrete

BN. ASTM D92-05a Test Method for Flash and Fire
Points by Cleveland Open Cup Tester

BO. ASTM D95-05°" Test Method for Water in
Petroleum Products and Bituminous Material by
Distillation

BP. ASTM D512-04 Test Method for Chloride Ion
in Water

BQ. ASTM D566-02 Test
Point of Lubricating Grease

BR. ASTM D610-01 Test Method for Evaluating
Degree of Rusting on Painted Steel Surfaces

BS. ASTM D638-03 Test Method for
Properties of Plastics

Granite

Specification for Slate

Method for Dropping

Tensile
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BT. ASTM D994-98 (2003) Specification for Preformed
Expansion Joint Filler for Concrete (Bituminous Type)

BU. ASTM DI1056-00 Specification for Flexible
Cellular Materials — Sponge or Expanded Rubber

BV. ASTM D1187-97 (2002)*' Specification for Asphalt-
Base Emulsions for Use as Protective Coatings for Metal

BW. ASTM DI1227-95 (2000) Specification for
Emulsified Asphalt Used as a Protective Coating for Roofing

BX. ASTM D2000-05 Classification System for
Rubber Products in Automotive Applications

BY. ASTM D2265-00 Test Method for Dropping Point
of Lubricating Grease Over Wide Temperature Range

BZ. ASTM D2287-96 (2001) Specification for
Nonrigid Vinyl Chloride Polymer and Copolymer Molding
and Extrusion Compounds

CA. ASTM D4289-03 Test Method for Elastomer
Compatibility of Lubricating Greases and Fluids

CB. ASTM E72-05 Standard Test Methods of Conducting
Strength Tests of Panels for Building Construction

CC. ASTM E328-02 Test Methods for
Relaxation Tests for Materials and Structures

CD. ASTM ES518 -03 Standard Test Methods for
Flexural Bond Strength of Masonry

CE. ASTM ES519-02 Standard Test Method for
Diagonal Tension (Shear) in Masonry Assemblages

CF. ASTM F959M-04 Specification for Compressible-
Washer-Type Direct Tension Indicators for Use with
Structural Fasteners [Metric]

Stress

American Welding Society

CG. AWS D 1.4-05 Structural Welding Code —
Reinforcing Steel

Federal Test Method Standard

CH. FTMS 791B (1974) Oil Separation from
Lubricating Grease (Static Technique). Federal Test
Method Standard from the U.S. Army General Material and
Parts Center, Petroleum Field Office (East), New
Cumberland Army Depot, New Cumberland, PA 17070

1.4 — System description

1.4 A. Compressive  strength requirements =~ —
Compressive strength of masonry in each masonry wythe
and grouted collar joint shall equal or exceed the
applicable f' 7, or f /4. For partially grouted masonry, the
compressive strength of both the grouted and ungrouted
masonry shall equal or exceed the applicable /7, . At the
transfer of prestress, the compressive strength of the
masonry shall equal or exceed f /..

1.4 B. Compressive strength determination

1. Alternatives for determination of compressive
strength — Determine the compressive strength for
each wythe by the unit strength method or by the
prism test method as specified here.

2. Unit strength method

a. Clay masonry — Use Table 1 to determine the
compressive strength of clay masonry based on the
strength of the units and the type of mortar specified.
The following requirements apply to masonry:

1)Units are sampled and tested to verify
conformance with ASTM C62, ASTM C216,
or ASTM C652.

2)Thickness of bed joints does not exceed /g in.
(15.9 mm).

3)For grouted masonry, the grout meets one of
the following requirements:

a) Grout conforms to Article 2.2.

b) Grout compressive strength equals or
exceeds f',, but compressive strength is not
less than 2,000 psi (13.79 MPa). Determine
compressive strength of grout in accordance
with ASTM C1019.

b. Concrete masonry — Use Table 2 to determine the
compressive strength of concrete masonry based on
the strength of the unit and type of mortar
specified. The following Articles must be met:

1)Units are sampled and tested to verify
conformance with ASTM C55 or ASTM C90.

2)Thickness of bed joints does not exceed /s in.
(15.9 mm).

3)For grouted masonry, the grout meets one of
the following requirements:

a) Grout conforms to Article 2.2.

b) Grout compressive strength equals or
exceeds /', but compressive strength is not
less than 2,000 psi (13.79 MPa). Determine
compressive strength of grout in accordance
with ASTM C1019.
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not less than 2,000 psi (13.79 MPa).
Determine compressive strength of grout in
accordance with ASTM C1019.

c. AAC masonry — Determine the compressive
strength of masonry based on the strength of
the AAC masonry unit only. The following

requirements apply to the masonry: . . .
d PPy ny 3. Prism test method — Determine the compressive

| 1)Units conform to Article 2.3 E. strength of clay masonry and concrete masonry by
2)Thickness of bed joints does not exceed 1/8 in. the prism test method in accordance with ASTM
Cl1314.
(3.2 mm).

1.4 C. Adhered veneer requirements — When adhered
veneer is not placed in accordance with Article 3.3 C,
determine the adhesion of adhered veneer unit to backing
in accordance with ASTM C482.

3)For grouted masonry, the grout meets one of
the following requirements:

| a) Grout conforms to Article 2.2.

b) Grout compressive strength equals or
exceeds f 'y4c but compressive strength is

Table 1 — Compressive strength of masonry based on the compressive strength
of clay masonry units and type of mortar used in construction

Net area compressive
strength of masonry,
psi (MPa)

Net area compressive strength of
clay masonry units, psi (MPa)

Type M or S mortar Type N mortar

1,700 (11.72)
3,350 (23.10)
4,950 (34.13)
6,600 (45.51)

2,100 (14.48)
4,150 (28.61)
6,200 (42.75)
8,250 (56.88)

8,250 (56.88)
9,900 (68.26)
11,500 (79.29)

10,300 (71.02)

1,000 (6.90)
1,500 (10.34)
2,000 (13.79)
2,500 (17.24)
3,000 (20.69)
3,500 (24.13)
4000 (27.58)

Table 2 — Compressive strength of masonry based on the compressive strength
of concrete masonry units and type of mortar used in construction

Net area compressive
strength of masonry,
psi' (MPa)

Net area compressive strength of
concrete masonry units, psi (MPa)

Type M or S mortar Type N mortar

1,900 (13.10)
2,800 (19.31)
3,750 (25.86)
4,800 (33.10)

— 1,900 (13.10)

2,150 (14.82)
3,050 (21.03)
4,050 (27.92)
5,250 (36.20)

1,350 (9.31)
1,500 (10.34)
2,000 (13.79)
2,500 (17.24)
3,000 (20.69)

! For units of less than 4 in. (102 mm) height, 85 percent of the values listed.
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1.5 — Submittals

1.5 A. Obtain written acceptance of submittals prior to
the use of the materials or methods requiring acceptance.

1.5 B. Submit the following:
1. Mix designs and test results

a.One of the following for each mortar mix,
excluding thin-bed mortar for AAC:

1)Mix designs indicating type and proportions of
ingredients in compliance with the proportion
specification of ASTM C270, or

2)Mix designs and mortar tests performed in
accordance with the property specification of
ASTM C270.

b. One of the following for each grout mix:

1)Mix designs indicating type and proportions of
the ingredients according to the proportion
requirements of ASTM C476, or

2)Mix designs and grout strength test performed
in accordance with ASTM C476, or

3)Compressive strength tests performed in
accordance with ASTM C1019, and slump flow
and visual stability index (VSI) as determined
by ASTM C1611/C1611M.

2.Material certificates — Material certificates for the
following, certifying that each material is in
compliance.

a. Reinforcement
b. Anchors, ties, fasteners, and metal accessories
¢. Masonry units

d.Mortar, thin-bed mortar for AAC, and grout
materials

e. Self-consolidating grout
3. Construction procedures
a. Cold weather construction procedures

b. Hot weather construction procedures

1.6 — Quality assurance
1.6 A. Testing Agency’s services and duties

1. Sample and test in accordance with Table 3, 4, or 5,
as specified for the project.

2.Unless otherwise required, report test results to the
Architect/Engineer, Inspection Agency, and
Contractor promptly after they are performed.
Include in test reports a summary of conditions
under which test specimens were stored prior to

testing and state what portion of the construction is
represented by each test.

3. When there is reason to believe that any material
furnished or work performed by the Contractor fails
to fulfill the requirements of the Contract Documents,
report such deficiency to the Architect/Engineer,
Inspection Agency, and Contractor.

4. Unless otherwise required, the Owner will retain the
Testing Agency.

1.6 B. Inspection Agency’s services and duties

1. Inspect and evaluate in accordance with Table 3, 4,
or 5, as specified for the project.

2.Unless otherwise required, report inspection results
to the Architect/Engineer, and Contractor promptly
after they are performed. Include in inspection
reports a summary of conditions under which the
inspections were made and state what portion of the
construction is represented by each inspection.

3. Furnish inspection reports to the Architect/Engineer
and Contractor.

4. When there is reason to believe that any material
furnished or work performed by the Contractor fails
to fulfill the requirements of the Contract
Documents, report such deficiency to the
Architect/Engineer and to the Contractor.

5.Submit a final signed report stating whether the
Work requiring inspection was, to the best of the
Inspection Agency's knowledge, in conformance.
Submit the final report to the Architect/Engineer
and Contractor.

6. Unless otherwise required, the Owner will retain the
Inspection Agency.

1.6 C. Contractor’s services and duties

1. Permit and facilitate access to the construction sites
and the performance of activities for quality
assurance by the Testing and Inspection Agencies.

2.The use of testing and inspection services does not
relieve the Contractor of the responsibility to furnish
materials and construction in full compliance.

3. To facilitate testing and inspection, comply with the
following:

a. Furnish necessary labor to assist the designated
testing agency in obtaining and handling samples
at the Project.

b. Advise the designated Testing Agency and Inspection
Agency sufficiently in advance of operations to allow
for completion of quality assurance measures and for
the assignment of personnel.
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c.Provide masonry materials required for
preconstruction and construction testing.

4.Provide and maintain adequate facilities for the sole
use of the testing agency for safe storage and proper
curing of test specimens on the Project Site.

5.In the submittals, include the results of testing
performed to qualify the materials and to establish
mix designs.

1.6 D. Sample panels

1. For masonry governed by Level B or C Quality
Assurance (Table 4 or Table 5), construct sample
panels of masonry walls.

a. Use materials and procedures accepted for the Work.

b. The minimum sample panel size is 4 ft (1.22 m)
square.

2. The acceptable standard for the Work is established
by the accepted panel.

3. Retain sample panels at the job site until Work has
been accepted.

1.6 E. Grout demonstration panel — Prior to masonry
construction, construct a grout demonstration panel if
proposed grouting procedures, construction techniques,
and grout space geometry do not conform to the
requirements of Articles 3.5 C, 3.5 D, and 3.5 E.

1.7 — Delivery, storage, and handling
1.7 A. Do not use damaged masonry units, damaged

components of structure, or damaged packaged material.

1.7 B. Protect cementitious materials for mortar and
grout from precipitation and groundwater.

1.7C. Do not use
contaminated.

masonry materials that are

1.7 D. Store different aggregates separately.

1.7 E. Protect reinforcement, ties, and metal accessories
from permanent distortions and store them off the ground.

1.8 — Project conditions

1.8 A. Construction loads — Do not apply construction
loads that exceed the safe superimposed load capacity of
the masonry and shores, if used.

1.8 B. Masonry protection — Cover top of unfinished
masonry work to protect it from the weather.

1.8 C. Cold weather construction — When ambient air
temperature is below 40°F (4.4°C), implement cold
weather procedures and comply with the following:

1.Do not lay glass unit masonry.

2.Preparation — Comply with the following
requirements prior to conducting masonry work:

a. Do not lay masonry units having either a temperature
below 20°F (-6.7°C) or containing frozen moisture,
visible ice, or snow on their surface.

b. Remove visible ice and snow from the top
surface of existing foundations and masonry to
receive new construction. Heat these surfaces
above freezing, using methods that do not result
in damage.

3. Construction — These requirements apply to work
in progress and are based on ambient air
temperature. Do not heat water or aggregates used
in mortar or grout above 140°F (60°C) Comply with
the following requirements when the following
ambient air temperatures exist:

a. 40°F to 32°F (4.4°C to 0°C): Heat sand or
mixing water to produce mortar temperature
between 40°F (4.4°C) and 120°F (48.9°C) at the
time of mixing. Grout does not require heated
materials, unless the temperature of the materials
is below 32°F (0°C).

b. Below 32°F to 25°F (0°C to -3.9°C): Heat sand
and mixing water to produce mortar temperature
between 40°F (4.4°C) and 120°F (48.9°C) at the
time of mixing. Maintain mortar temperature
above freezing until used in masonry. Heat grout
aggregates and mixing water to produce grout
temperature between 70°F (21.1°C) and 120°F
(48.9°C) at the time of mixing. Maintain grout
temperature above 70°F (21.1°C) at the time of
grout placement. Heat AAC units to a minimum
temperature of 40°F (4.4°C) before installing
thin-bed mortar.

c. Below 25°F to 20°F (-3.9°C to —6.7°C): Comply
with Article 1.8 C.3.b and the following: Heat
masonry surfaces under construction to 40°F
(4.4°C) and use wind breaks or enclosures when
the wind velocity exceeds 15 mph (24 km/h).
Heat masonry to a minimum of 40°F (4.4°C)
prior to grouting.

d. Below 20°F (-6.7°C) and below: Comply with Article
1.8 C.3.c and the following: Provide an enclosure and
auxiliary heat to maintain air temperature above 32°F
(0°C) within the enclosure.
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Table 3 — Level A Quality Assurance

MINIMUM TESTS

None

MINIMUM INSPECTION

Verity compliance with the approved submittals

Table 4 — Level B Quality Assurance

MINIMUM TESTS
Verification of Slump flow and VSI as delivered to the site in accordance with
Article 1.5 B.1.b.3 for self-consolidating grout
Except for masonry that is exempt, pre-construction verification of ', and f”,4¢ in accordance with Article 1.4 B.
MINIMUM INSPECTION
Inspection Task Frequency ®
Continuous Periodic
1. Verify compliance with the approved submittals X
2. As masonry construction begins, verify that the following are in compliance:
a. Proportions of site-prepared mortar X
b. Construction of mortar joints X
c. Grade and size of prestressing tendons and anchorages X
d. Location of reinforcement, connectors, and prestressing tendons and anchorages X
e. Prestressing technique X
3. Prior to grouting, verify that the following are in compliance:
a. Grout space X
b. Grade, type, and size of reinforcement and anchor bolts, and prestressing tendons, X
and anchorages
c. Placement of reinforcement, connectors, and prestressing tendons and anchorages X
d. Proportions of site-prepared grout and prestressing grout for bonded tendons X
e. Construction of mortar joints X
4. Verify during construction:
a. Size and location of structural elements X
b. Type, size, and location of anchors, including other details of anchorage of X
masonry to structural members, frames, or other construction
c. Welding of reinforcement X
d. Preparation, construction, and protection of masonry during cold weather (temperature X
below 40°F (4.4°C)) or hot weather (temperature above 90°F (32.2°C))
e. Application and measurement of prestressing force X
f. Placement of grout and prestressing grout for bonded tendons is in compliance X
5. Observe preparation of grout specimens, mortar specimens, and/or prisms X

(a) Frequency refers to the frequency of inspection, which may be continuous during the task listed or periodically during the listed task, as defined in
the table.
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Table 5 — Level C Quality Assurance

MINIMUM TESTS
Verification of /', and f”,4¢ in accordance with Article 1.4 B prior to construction and
for every 5,000 sq. ft (464.5 m?) during construction
Verification of proportions of materials in premixed or preblended mortar, prestressing
grout, and grout other than self-consolidating grout as delivered to the site
Verification of Slump flow and VSI as delivered to the site in accordance with
Article 1.5 B.1.b.3 for self-consolidating grout
MINIMUM INSPECTION
Inspection Task Frequency ®
Continuous Periodic
1. Verify compliance with the approved submittals X
2. Verify that the following are in compliance:
a. Proportions of site-prepared mortar X
b. Grade, type, and size of reinforcement and anchor bolts, and prestressing tendons X
and anchorages
c. Placement of masonry units and construction of mortar joints X
d. Placement of reinforcement, connectors, and prestressing tendons and anchorages X
e. Grout space prior to grouting X
f. Placement of grout and prestressing grout for bonded tendons X
g. Size and location of structural elements X
h. Type, size, and location of anchors including other details of anchorage of masonry X
to structural members, frames, or other construction
i. Welding of reinforcement X
j. Preparation, construction, and protection of masonry during cold weather X
(temperature below 40°F (4.4°C)) or hot weather (temperature above 90°F
(32.2°C))
k. Application and measurement of prestressing force X
3. Observe preparation of grout specimens, mortar specimens, and/or prisms X
(a) Frequency refers to the frequency of inspection, which may be continuous during the task listed or periodically during the listed task, as defined in
the table.

4. Protection — These requirements apply after c. 40°F to 25°F (4.4°C to -3.9°C): Protect newly
masonry is placed and are based on anticipated constructed masonry by covering with a
minimum daily temperature for grouted masonry weather-resistive membrane for 24 hr after
and anticipated mean daily temperature for being completed.

ungrouted masonry. Protect completed masonry in

the following manner: d. Below 25°F to 20°F (-3.9°C to —6.7°C): Cover

newly constructed masonry completely with

a. Maintain the temperature of glass unit weather-resistive insulating blankets, or equal
masonry above 40°F (4.4°C ) for the first protection, for 24 hr after completion of work.
48 hr after construction. Extend time period to 48 hr for grouted

masonry, unless the only cement in the grout is

b. Maintain the temperature of AAC masonry Type I portland cement

above 32°F (0°C ) for the first 4 hr after thin-
bed mortar application.
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e. Below 20°F (-6.7°C) and below: Maintain
newly constructed masonry temperature above
32°F (0°C) for at least 24 hr after being
completed by using heated enclosures, electric
heating blankets, infared lamps, or other
acceptable methods. Extend time period to 48
hr for grouted masonry, unless the only cement
in the grout is Type III portland cement.

1.8 D Hot weather construction — Implement
approved hot weather procedures and comply with the
following provisions:

1. Preparation — Prior to conducting masonry work:

a. When the ambient air temperature exceeds 100°F
(37.8°C), or exceeds 90°F (32.2°C) with a wind
velocity greater than 8 mph (12.9 km/hr):

1)Maintain sand piles in a damp, loose
condition.

2)Provide necessary conditions and equipment
to produce mortar having a temperature
below 120°F (48.9°C).

b. When the ambient temperature exceeds 115°F
(46.1°C), or exceeds 105°F (40.6°C) with a
wind velocity greater than 8 mph (12.9 km/hr),
implement the requirements of Article
1.8 D.1.a and shade materials and mixing
equipment from direct sunlight.

2. Construction — While masonry work is in progress:

a. When the ambient air temperature exceeds
100°F (37.8°C), or exceeds 90°F (32.2°C) with

a wind velocity greater than 8 mph
(12.9 km/hr):

1) Maintain temperature of mortar and grout
below 120°F (48.9°C).

2) Flush mixer, mortar transport container,
and mortar boards with cool water before
they come into contact with mortar
ingredients or mortar.

3) Maintain mortar consistency by retempering
with cool water.

4) Use mortar within 2 hr of initial mixing.

5) Spread thin-bed mortar no more than four
feet ahead of AAC masonry units.

6) Set AAC masonry units within one minute
after spreading thin-bed mortar.

b. When the ambient temperature exceeds 115°F
(46.1°C), or exceeds 105°F (40.6°C) with a wind
velocity greater than 8 mph (12.9 km/hr),
implement the requirements of Article 1.8 D.2.a
and use cool mixing water for mortar and grout.
Ice is permitted in the mixing water prior to use.
Do not permit ice in the mixing water when
added to the other mortar or grout materials.

3. Protection — When the mean daily temperature
exceeds 100°F (37.8°C) or exceeds 90°F (32.2°C)
with a wind velocity greater than 8 mph
(12.9 km/hr), fog spray newly constructed
masonry until damp, at least three times a day until
the masonry is three days old.
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PART 2 — PRODUCTS

2.1 — Mortar materials

2.1 A. Provide mortar of the type and color specified,
and conforming with ASTM C270.

2.1 B. Glass unit masonry — For glass unit masonry,
provide Type S or N mortar that conforms to Article 2.1A.

2.1 C. AAC Masonry
1. Provide thin-bed mortar specifically manufactured
for use with AAC masonry. Testing to verify
mortar properties shall be conducted by the thin-
bed mortar manufacturer and confirmed by an
independent testing agency.

a.Provide thin-bed mortar with compressive
strength that meets or exceeds the strength of
the AAC masonry units. Conduct compressive
strength tests in accordance with ASTM
C109/C109M.

b. Provide thin-bed mortar with shear strength that
meets or exceeds the strength of the AAC
masonry units. Conduct shear strength tests in
accordance with ASTM E519. Cure the gypsum
capping for at least 6 hours prior to testing.

c. For each specified strength class, provide thin-
bed mortar with flexural tensile strength that is
not less than the smaller of: the maximum value
specified in the governing building code; and
the modulus of rupture of the masonry units.
Conduct flexural strength tests in accordance
with ASTM E72, ASTMES518 Method A or
ASTM C1072.

1) For conducting flexural strength tests in
accordance with ASTM E518, construct at
least five test specimens as stack-bonded
prisms at least 32 in. (810 mm) high. Use
the type of mortar specified by the AAC
unit manufacturer.

2) For flexural strength tests in accordance
with ASTM C1072, construct test specimens
as stack-bonded prisms comprised of at least
3 bed joints. Test a total of at least 5 joints.
Use the type of mortar specified by the
AAC unit manufacturer.

d.Perform splitting tensile strength tests in
accordance with ASTM C1006.

2.Mortar for leveling course shall be Type M or S.
Conform to the requirements of Article 2.1A.

2.2 — Grout materials

2.2 A. Unless otherwise required, provide grout that
conforms to:

1. the requirements of ASTM C476, or

2. the material requirements of ASTM C476; attains
the specified compressive strength or 2,000 psi
(13.79 MPa), whichever is greater, at 28 days
when tested in accordance with ASTM C1019;
has a slump flow of 24 in to 30in. (610 to 762
mm) as determined by ASTM C1611/C1611M;
and has a Visual Stability Index (VSI) less than or
equal to 1 as determined in accordance with
ASTM C1611/C1611M, Appendix X.1.

2.2 B. Provide a grout demonstration panel, meeting
the requirements of Article 1.6 E, when grout conforming
to article 2.2 A.2 will be used with AAC masonry.

2.2 C. Do not use admixtures unless acceptable. Field
addition of admixtures is not permitted in self-
consolidating grout.

2.3 — Masonry unit materials

2.3 A. Provide concrete masonry units that conform to
ASTM C55, C73, C90, C129, or C744 as specified.

2.3 B. Provide clay or shale masonry units that conform
to ASTM C34, C56, C62, C126, C212, C216, C652,
C1088, or C1405 or to ANSI A 137.1, as specified.

2.3 C. Provide stone masonry units that conform to
ASTM C503, C568, C615, C616, or C629, as specified.

2.3 D. Provide hollow glass units that are partially
evacuated and have a minimum average glass face
thickness of */;¢ in. (4.8 mm). Provide solid glass block
units when required. Provide units in which the surfaces
intended to be in contact with mortar are treated with
polyvinyl butyral coating or latex-based paint. Do not use
reclaimed units.

2.3 E. Providle AAC masonry units that conform to
ASTM C1386 for the strength class specified in the
Contract Documents.
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2.4 — Reinforcement, prestressing tendons, and
metal accessories

2.4 A. Reinforcing steel — Provide deformed reinforcing
bars that conform to one of the following as specified:

1.ASTM A615/A615M
2. ASTM A706/A706M
3. ASTM A767/A76"TM
4. ASTM A775/A775M
5. ASTM A996/A996M

2.4 B. Prestressing tendons

1. Provide prestressing tendons that conform to one of
the following standards, except for those permitted
in Articles 2.4 B.2 and 2.4 B.3:

A WITE .o ASTM A421/A421M
b. Low-relaxation wire......... ASTM A421/A421M
c.Strand.....cceoeveieiniieennn ASTM A416/A416M
d. Low-relaxation strand ..... ASTM A416/A416 M
e.Bar...ooii ASTM A722/A722 M

2. Wire, strands, and bars not specifically listed in
ASTM A416/A416M, A421/A421M, or
AT722/AT722M are permitted, provided they conform
to the minimum requirements in ASTM
A416/A/416M, A421/A421M, or A722/A722M and
are approved by the Architect/Engineer.

3.Bars and wires of less than 150 ksi (1034 MPa)
tensile strength and conforming to ASTM
A82/A82M, AS510/A510M, A615/A615M,
A996/A996M, or A706/A706M are permitted to be
used as prestressed tendons, provided that the stress
relaxation properties have been assessed by tests
according to ASTM E328 for the maximum
permissible stress in the tendon.

2.4 C. Joint reinforcement

1. Provide joint reinforcement that conforms to ASTM
A951. Maximum spacing of cross wires in ladder-
type joint reinforcement and of points of connection
of cross wires to longitudinal wires of truss-type
joint reinforcement shall be 16 in. (400 mm).

2. Deformed reinforcing wire — Provide deformed
reinforcing wire that conforms to ASTM
A496/A496M.

3. Welded wire reinforcement — Provide welded wire
reinforcement that conforms to one of the following
specifications:

a. Plain .........oooovvenniinnn, ASTM A185/A185M
b. Deformed...........cc........... ASTM A497/A497 M
2.4 D. Anchors, ties, and accessories — Provide

anchors, ties, and accessories that conform to the
following specifications, except as otherwise specified:

1. Plate and bent-bar anchors..... ASTM A 36/A 36M

2. Sheet-metal anchors and ties .........cccceeeveeveeiiennnenne

........................................ ASTM A1008/A1008 M
3. Wire mesh ties .......c..ccceeueee ASTM A185/A185M
4. Wire ties and anchors ............... ASTM A82A82M
5.Headed anchor bolts .......... ASTM A307, Grade A

6. Panel anchors (for glass unit masonry) — Provide
1%/4in. (44.5-mm) wide, 24-in. (610-mm) long,
20-gage steel strips, punched with three staggered
rows of elongated holes, galvanized after fabrication.

2.4 E. Stainless steel —Stainless steel items shall be
AISI Type 304 or Type 316, and shall conform to the
following:

1. Joint reinforcement............... ASTM A580/A580M

2. Plate and bent-bar anchors............ccccoeeeevvveeiinneenn.
................. ASTM A480/A480M and ASTM A666

3. Sheet-metal anchors and ti€s ........cccccoovvvveeeeeeeeenns
...ASTM A480/A480M and ASTM A240/A240M

4. Wire ties and anchors .......... ASTM A580/A580M
2.4 F. Coatings for corrosion protection — Unless
otherwise required, protect carbon steel joint reinforcement,

ties, and anchors from corrosion by galvanizing or epoxy
coating in conformance with the following minimums:

1. Galvanized coatings:
a. Mill galvanized coatings:

1) Joint reinforcement...........cocceevueeeeveeenicnnenne.
ASTM A641/A641M (0.1 0z/ft*) (0.031 kg/m?)

2) Sheet-metal ties and sheet-metal anchors......
ASTM A653/A653M Coating Designation G60

b. Hot-dip galvanized coatings:

1) Joint reinforcement, wire ties, and wire anchors
ASTM A153/A153M (1.50 oz/ft%) (458 g/m?)

2) Sheet-metal ties and sheet-metal anchors ......
....................... ASTM A153/A153M Class B

3) Steel plates and bars (as applicable to size and
form indicated)............ ASTM A123/A123M
or ASTM A153/A153M, Class B
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2.Epoxy coatings:

a. Joint reinforcement ........c...covevveveeeeeeiicieee e
............................ ASTM A884/A884M Class A
Type 1 —= 7 mils (175 pm)

b. Wire ties and anchors...........cooevveeveveeeicceee e,
ASTM A899/A899M Class C — 20 mils (508 um)

c. Sheet-metal ties and anchors...........cceceeveeenee.
............................. 20 mils (508 pum) per surface
or manufacturer’s specification

2.4 G. Corrosion protection for tendons — Protect
tendons from corrosion when they are in exterior walls
exposed to earth or weather or walls exposed to a mean
relative humidity exceeding 75 percent (corrosive
environment). Select corrosion protection methods for
bonded and unbonded tendons from one of the following:

1. Bonded tendons — Encapsulate bonded tendons in
corrosion resistant and watertight corrugated ducts
complying with Article 2.4 G.l.a. Fill ducts with
prestressing grout complying with Article 2.4 G.1.b.

a. Ducts — High-density polyethylene or polypropylene.

1)Use ducts that are mortar-tight and non-reactive
with masonry, tendons, and grout.

2)Provide ducts with an inside diameter at least
1/4 in. (6.4 mm) larger than the tendon diameter.

3)Maintain ducts free of water if members to be
grouted are exposed to temperatures below
freezing prior to grouting.

4)Provide openings at both ends of ducts for
grout injection.

b. Prestressing grout

1)Select proportions of materials for prestressing
grout using either of the following methods as
accepted by the Architect/Engineer:

a)Results of tests on fresh and hardened
prestressing grout — prior to beginning
grouting operations, or

b)Prior documented experience with similar
materials and equipment and under
comparable field conditions.

2)Use portland cement conforming to ASTM
C150, Type I, 11, or III, that corresponds to the
type upon which selection of prestressing grout
was based.

3)Use the minimum water content necessary for
proper pumping of prestressing grout; however,
limit the water-cement ratio to a maximum of
0.45 by weight.

2. Unbonded tendons — Coat unbonded tendons with a

4)Discard prestressing grout that has begun to set
due to delayed use.

5)Do not use admixtures, unless acceptable to the
Architect/Engineer.

6)Use water that is potable and free of materials
known to be harmful to masonry materials and
reinforcement.

material complying with Article 2.4 G.2b and covered
with a sheathing complying with Article 2.4 G.2a.
Acceptable materials include a corrosion-inhibiting
coating material with a tendon covering (sheathing).

a. Provide continuous tendon sheathing over the
entire tendon length to prevent loss of coating
materials during tendon installation and stressing
procedures. Provide a sheathing of medium-
density or high-density  polyethylene or
polypropylene with the following properties:

1) Sufficient strength to withstand damage during
fabrication, transport, installation, and tensioning.

2) Water-tightness over the entire sheathing length.

3)Chemical stability without embrittlement or
softening over the anticipated exposure
temperature range and service life of the structure.

4)Non-reactive with masonry and the tendon
corrosion-inhibiting coating.

5)In normal (non-corrosive) environments, a
sheathing thickness of not less than 0.025 in.
(0.6 mm). In corrosive environments, a
sheathing thickness of not less than 0.040 in.
(1.0 mm).

6) An inside diameter at least 0.010 in. (0.3 mm)
greater than the maximum diameter of the
tendon.

7)For applications in corrosive environments,
connect the sheathing to intermediate and fixed
anchorages in a watertight fashion, thus providing
a complete encapsulation of the tendon.

b. Provide a corrosion-inhibiting coating material
with the following properties:

1)Lubrication between the tendon and the
sheathing.

2)Resist flow from the sheathing within the
anticipated temperature range of exposure.

3)A continuous non-brittle film at the lowest
anticipated temperature of exposure.

4)Chemically stable and non-reactive with the
tendon, sheathing material, and masonry.
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5)An organic coating with appropriate polar-moisture
displacing and corrosion-preventive additives.

6)A minimum weight not less than 2.5 1b of
coating material per 100 ft (37.2 g of coating
material per m) of 0.5-in. (12.7-mm) diameter
tendon and 3.0 1b of coating material per 100 ft
(44.6 g of coating material per m) of 0.6-in.
(15.2-mm) diameter tendon. Use a sufficient
amount of coating material to ensure filling of
the annular space between tendon and sheathing.

7)Extend the coating over the entire tendon length.

8)Provide test results in accordance with Table 6
for the corrosion-inhibiting coating material.

3. Alternative methods of corrosion protection that
provide a protection level equivalent to Articles
24 G.1 and 2.4 G.2 are permitted. Stainless steel
prestressing tendons or tendons galvanized according
to ASTM A153/A153M, Class B, are acceptable
alternative methods. If galvanized, further evidence
must be provided that the coating will not produce
hydrogen embrittlement of the steel.

2.4 H. Prestressing anchorages, couplers, and end blocks

1. Provide anchorages and couplers that develop at least
95 percent of the specified breaking strength of the
tendons or prestressing steel when tested in an
unbonded condition, without exceeding anticipated set.

2.Place couplers where accepted by
Architect/Engineer. Enclose with housing that
permits anticipated movements of the couplers
during stressing.

3.Protect anchorages,
against corrosion.

couplers, and end fittings

4.Protect exposed anchorages, couplers, and end
fittings to achieve the required mechanical protection

and fire rating for the element as specified by local
building codes.

2.5 — Accessories

2.5 A. Unless otherwise required, provide contraction
(shrinkage) joint material that conforms to one of the
following standards:

1. ASTM D2000, M2AA-805 Rubber shear keys with
a minimum durometer hardness of 80.

2. ASTM D2287, Type PVC 654-4 PVC shear keys
with a minimum durometer hardness of 85.

3. ASTM C920.
2.5 B. Unless otherwise required, provide expansion joint
material that conforms to one of the following standards:
1. ASTM C920.
2. ASTM D99%4.
3. ASTM D1056, Class 2A1.
2.5 C. Asphalt emulsion — Provide asphalt emulsion as
follows:
1. Metal surfaces.................... ASTM D1187, Type II
2.Porous surfaces... ASTM D1227, Type 111, Class 1

2.5 D. Masonry cleaner

1. Use potable water and detergents to clean masonry
unless otherwise acceptable.

2.Unless otherwise required, do not use acid or

caustic solutions.

2.5 E. Joint fillers — Use the size and shape of joint
fillers specified.
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Table 6 — Performance specification for corrosion-inhibiting coating

Test Test Method Acceptance Criteria
Dropping Point, °F (°C) ASTM D566 or Minimum 300 (148.9)
ASTM D2265
Oil Separation @ 160° F (71.1°C) FTMS 791B Maximum 0.5
% by weight Method 321.2
Water, % maximum ASTM D95 0.1
Flash Point, °F (°C) ASTM D92 Minimum 300 (148.9)

(Refers to oil component)

Corrosion Test ASTM B117 For normal environments: Rust Grade 7 or better after

5 % Salt Fog @ 100°F (37.8°C) 720 hr of exposure according to ASTM D610. For

5 mils (0.13 mm), minimum hours corrosive environments : Rust Grade 7 or better after
(Q Panel type S) 1000 hr of exposure according to ASTM D610."

Water Soluble Ions?

a. Chlorides, ppm maximum ASTM D512 10
b. Nitrates, ppm maximum 10
c. Sulfides, ppm maximum 10
Soak Test
5% Salt Fog at 100°F (37.8°C) ASTM B117 No emulsification of the coating after 720 hr of exposure

5 mils (0.13 mm) coating, Q panels, | (Modified)
type S. Immerse panels 50% in a 5%
salt solution and expose to salt fog

Compatibility with Sheathing

a. Hardness and volume change of | ASTM D4289 Permissible change in hardness 15%
polymer after exposure to grease, Permissible change in volume 10%
40 days @ 150°F (65.6°C).

b. Tensile strength change of polymer | ASTM D638 Permissible change in tensile strength 30%

after exposure to grease, 40 days @
150°F (65.6°C).

Extension of exposure time to 1000 hours for greases used in corrosive environments requires use of more or better corrosion-inhibiting additives.
Procedure: The inside (bottom and sides) of a 33.8 oz (1L) Pyrex beaker, approximate O.D. 4.1 in. (105 mm), height 5.7 in. (145 mm), is thoroughly
coated with 35.3 £ 3.5 0z (100 + 10 g) corrosion-inhibiting coating material. The coated beaker is filled with approximately 30.4 0z (900 cc) of distilled
water and heated in an oven at a controlled temperature of 100°F + 2°F (37.8°C + 1°C) for 4 hours. The water extraction is tested by the noted test
procedures for the appropriate water soluble ions. Results are reported as ppm in the extracted water.
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2.6 — Mixing
2.6 A. Mortar

1.Mix cementitious materials and aggregates
between 3 and 5 minutes in a mechanical batch
mixer with a sufficient amount of water to
produce a workable consistency. Unless
acceptable, do not hand mix mortar. Maintain
workability of mortar by remixing or retempering.
Discard mortar which has begun to stiffen or is
not used within 2/, hr after initial mixing.

2. Limit the maximum percentage of mineral oxide
or carbon black job-site pigments by weight of
cement as follows:

a. Pigmented portland cement-lime mortar
1)Mineral oxide pigment 10 percent
2)Carbon black pigment 2 percent

b. Pigmented mortar cement mortar
1)Mineral oxide pigment 5 percent
2)Carbon black pigment 1 percent

c. Pigmented masonry cement mortar
1)Mineral oxide pigment 5 percent
2)Carbon black pigment 1 percent

3.Do not use admixtures containing more than 0.2
percent chloride ions.

4. Glass unit masonry — Reduce the amount of
water to account for the lack of absorption. Do not
retemper mortar after initial set. Discard unused
mortar within 1'/, hr after initial mixing.

2.6 B. Grout

1. Unless otherwise required, proportion and mix
grout other than self-consolidating grout in
accordance with the requirements of ASTM C476.

2. Unless otherwise required, mix grout other than
self-consolidating grout to a consistency that has a
slump between 8 and 11 in. (203 and 279 mm).

3. Job-site proportioning of self-consolidating grout
is not permitted. Do not add water at the job site
except in accordance with the self-consolidating
grout manufacturer’s recommendations.
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2.6 C. Thin-bed mortar for AAC — Mix thin-bed
mortar for AAC masonry as specified by the thin-bed
mortar manufacturer.

2.7 — Fabrication

2.7 A. Reinforcement

1. Fabricate reinforcing bars in accordance with the
fabricating tolerances of ACI 117.

2. Unless otherwise required, bend bars cold and do
not heat bars.

3. The minimum inside diameter of bend for stirrups
shall be five bar diameters.

4.Do not bend Grade 40 bars in excess of 180
degrees. The minimum inside diameter of bend is
five bar diameters.

5. The minimum inside bend diameter for other bars
is as follows:

a.No. 3 through No. 8 (M#10 through 25)............
.................................................... 6 bar diameters

b.No. 9 through No. 11 (M#29 through 36)..........
.................................................... 8 bar diameters

6. Provide standard hooks that conform to the
following:

a. A standard 180-degree hook: 180-degree bend
plus a minimum extension of 4 bar diameters or
2'/, in. (64 mm), whichever is greater.

b. A standard 90-degree hook: 90-degree bend
plus a minimum extension of 12 bar diameters.

c. For stirrups and tie hooks for a No. 5
(M#16)bar and smaller: a 90- or 135-degree
bend plus a minimum of 6 bar diameters or
2'/, in. (64 mm), whichever is greater.

2.7 B. Prefabricated masonry

1. Unless otherwise required, provide prefabricated
masonry that conforms to the provisions of
ASTM C901.

2.Unless otherwise required, provide prefabricated
masonry lintels that have an appearance similar to
the masonry units used in the wall surrounding
each lintel.

3.Mark prefabricated masonry for proper location
and orientation.
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PART 3 — EXECUTION

3.1 — Inspection

3.1 A. Prior to the start of masonry construction, the
Contractor shall verify:

1. That foundations are constructed with tolerances
conforming to the requirements of ACI 117.

2. That reinforcing dowels are positioned in accordance
with the Project Drawings.

3.1 B. If stated conditions are not met, notify the
Architect/Engineer.

3.2 — Preparation

3.2 A. Clean reinforcement and shanks of anchor bolts
by removing mud, oil, or other materials that will
adversely affect or reduce bond at the time mortar or grout
is placed. Reinforcement with rust, mill scale, or a
combination of both are acceptable without cleaning or
brushing provided the dimensions and weights, including
heights of deformations, of a cleaned sample are not less
than required by the ASTM specification covering this
reinforcement in this Specification.

3.2 B. Prior to placing masonry, remove laitance, loose
aggregate, and anything else that would prevent mortar
from bonding to the foundation.

3.2 C. Wetting masonry units

1. Concrete masonry — Unless otherwise required, do
not wet concrete masonry or AAC masonry units
before laying. Wet cutting is permitted.

2.Clay or shale masonry — Wet clay or shale
masonry units having initial absorption rates in
excess of 1 g per min. per in.? (0.0016 g per min.
per mm?®), when measured in accordance with
ASTM C67, so the initial rate of absorption will not
exceed 1 g per min. per in.? (0.0016 g per min. per
mm?) when the units are used. Lay wetted units
when surface dry. Do not wet clay or shale masonry
units having an initial absorption rate less than 0.2 g
per min. per in.? (0.00031 g per min. per mm?).

3.2 D. Debris — Construct grout spaces free of mortar
dropping, debris, loose aggregates, and any material
deleterious to masonry grout.

3.2 E. Reinforcement — Place reinforcement and ties in
grout spaces prior to grouting.

3.2 F. Cleanouts — Provide cleanouts in the bottom
course of masonry for each grout pour when the grout
pour height exceeds 5 ft (1.52 m).

1. Construct cleanouts so that the space to be grouted
can be cleaned and inspected. In solid grouted
masonry, space cleanouts horizontally a maximum
of 32 in. (813 mm) on center.

2. Construct cleanouts with an opening of sufficient
size to permit removal of debris. The minimum
opening dimension shall be 3 in. (76.2 mm).

3. After cleaning, close cleanouts with closures braced
to resist grout pressure.

3.3 — Masonry erection

3.3 A. Bond pattern — Unless otherwise required, lay
masonry in running bond.

3.3 B. Placing mortar and units

1. Bed and head joints — Unless otherwise required,
construct */g-in. (9.5-mm) thick bed and head joints,
except at foundation or with glass unit masonry.
Construct bed joint of the starting course of
foundation with a thickness not less than '/, in. (6.4
mm) and not more than */, in. (19.1 mm). Provide
glass unit masonry bed and head joint thicknesses in
accordance with Article 3.3 B.5.c. Construct joints
that also conform to the following:

a. Fill holes not specified in exposed and below
grade masonry with mortar.

b. Unless otherwise required, tool joint with a round
jointer when the mortar is thumbprint hard.

c. Remove masonry protrusions extending '/, in.
(12.7 mm) or more into cells or cavities to be grouted.

2. Collar joints — Unless otherwise required, solidly
fill collar joints less than /, in. (19.1 mm) wide
with mortar as the job progresses.

3. Hollow units — Place hollow units so:
a. Face shells of bed joints are fully mortared.

b. Webs are fully mortared in all courses of piers,
columns and pilasters, in the starting course on
foundations, and when necessary to confine grout
or loose-fill insulation.

c. Head joints are mortared, a minimum distance
from each face equal to the face shell thickness of
the unit.

d. Vertical cells to be grouted are aligned and
unobstructed openings for grout are provided in
accordance with the Project Drawings.
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4. Solid units — Unless otherwise required, solidly fill
bed and head joints with mortar and:

a. Do not fill head joints by slushing with mortar.

b. Construct head joints by shoving mortar tight
against the adjoining unit.

¢. Do not deeply furrow bed joints.
5. Glass units

a. Apply a complete coat of asphalt emulsion, not
exceeding '/5 in. (3.2 mm) in thickness, to panel
bases.

b. Lay units so head and bed joints are filled solidly.
Do not furrow mortar.

c. Unless otherwise required, construct head and
bed joints of glass unit masonry '/4-in. (6.4-mm)
thick, except that vertical joint thickness of radial
panels shall not be less than '/5 in. (3.2 mm). The
bed-joint thickness tolerance shall be minus Y16
in. (1.6 mm) and plus '/ in. (3.2 mm). The head-
joint thickness tolerance shall be plus or minus
/g in. (3.2 mm).

d. Do not cut glass units.
6. All units

a. Place clean units while the mortar is soft and
plastic. Remove and re-lay in fresh mortar any
unit disturbed to the extent that initial bond is
broken after initial positioning.

b. Except for glass units, cut exposed edges or faces
of masonry units smooth, or position so that
exposed faces or edges are unaltered
manufactured surfaces.

c. When the bearing of a masonry wythe on its
support is less than two-thirds of the wythe
thickness, notify the Architect/Engineer.

7. AAC masonry

a. Place mortar for leveling bed joint in accordance
with the requirements of Article 3.3 B.1.

b. Lay subsequent courses using thin-bed mortar.
Use special notched trowels manufactured for
use with thin-bed mortar to spread thin-bed
mortar so that it completely fills the bed joints.
Unless otherwise specified in the Contract
Documents, similarly fill the head joints. Spread
mortar and place the next unit before the mortar
dries. Place each AAC unit as close to head joint
as possible before lowering the block onto the
bed joint. Avoid excessive movement along bed
joint. Make adjustments while thin-bed mortar is
still soft and plastic by tapping to plumb and
bring units into alignment. Set units into final

position, in mortar joints approximately 1/16-in.
(1.5-mm) thick, by striking on the end and top
with a rubber mallet.

c. Lay units in alignment with the plane of the wall.
Align vertically and plumb using the first course
for reference. Make minor adjustments by
sanding the exposed faces of the units and the
bed joint surface with a sanding board
manufactured for use with AAC masonry.

3.3 C. Placing adhered veneer

1.Brush a paste of neat portland cement on the
backing and on the back of the veneer unit.

2. Apply Type S mortar to the backing and to the
veneer unit.

3. Tap the veneer unit into place, completely filling
the space between the veneer unit and the backing.
Sufficient mortar shall be used to create a slight
excess to be forced out between the edges of the
veneer units. The resulting thickness of the mortar
in back of the veneer unit shall not be less than
3/5 in. (9.5 mm) nor more than 1% in. (31.8 mm).

4. Tool the mortar joint with a round jointer when the
mortar is thumbprint hard.

3.3 D. Embedded items and accessories — Install
embedded items and accessories as follows:

1. Construct chases as masonry units are laid.

2.Install pipes and conduits passing horizontally
through nonbearing masonry partitions.

3.Place pipes and conduits passing horizontally
through piers, pilasters, or columns.

4. Place horizontal pipes and conduits in and parallel
to plane of walls.

5. Install and secure connectors, flashing, weep holes,
weep vents, nailing blocks, and other accessories.

6. Install movement joints.

7. Aluminum — Do not embed aluminum conduits,
pipes, and accessories in masonry, grout, or mortar,
unless effectively coated or covered to prevent
chemical reaction between aluminum and cement or
electrolytic action between aluminum and steel.

3.3 E. Bracing of masonry — Design, provide, and install
bracing that will assure stability of masonry during construction.
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3.3 F. Site tolerances — Erect masonry within the 3.4 — Reinforcement, tie, and anchor installation

following tolerances from the specified dimensions. . . .
Wing toferances ot the spectlt mensions 3.4 A. Basic requirements — Place reinforcement, wall

1. Dimension of elements

a. In cross section or elevation
................... /4 in. (6.4 mm), +'/, in. (12.7 mm)

b.Mortar joint thickness

DO e, +'/s in. (3.2 mm)
head............ -1/, in. (6.4 mm), + */3 in. (9.5 mm)
collar ........... -!/4in. (6.4 mm), + */s in. (9.5 mm)
glass unit masonry.............. see Article 3.3 B.5.c

c. Grout space or cavity width, except for masonry
walls passing framed construction

.................... -!/4in. (6.4 mm), + */s in. (9.5 mm)
2. Elements
a. Variation from level:

bed joints
...................... +'/4in. (6.4 mm) in 10 ft (3.05 m)
.............................. +'/, in. (12.7 mm) maximum

top surface of bearing walls
...................... +'/, in. (6.4 mm) in 10 ft (3.05 m)
.............................. +', in. (12.7 mm) maximum

b. Variation from plumb
...................... +'/4in. (6.4 mm) in 10 ft (3.05 m)
...................... +%/¢ in. (9.5 mm) in 20 ft (6.10 m)
................................. +'/, in. (13 mm) maximum

c. True to a line
...................... +'/4in. (6.4 mm) in 10 ft (3.05 m)
...................... +%/¢ in. (9.5 mm) in 20 ft (6.10 m)
.............................. +', in. (12.7 mm) maximum

d. Alignment of columns and walls
(bottom versus top)
+'/, in. (12.7 mm) for bearing walls and columns
+%/,in. (19.1 mm) for nonbearing walls

3. Location of elements

a. Indicated in plan
.................... +'/, in. (12.7 mm) in 20 ft (6.10 m)
.............................. +%/, in. (19.1 mm) maximum

b. Indicated in elevation
......................... +'/4in. (6.4 mm) in story height
.............................. +/, in. (19.1 mm) maximum

4. If the above conditions cannot be met due to previous
construction, notify the Architect/ Engineer.

ties, and anchors in accordance with the sizes, types, and
locations indicated on the Project Drawings and as
specified. Do not place dissimilar metals in contact with
each other.

3.4 B. Reinforcement

1. Support and fasten reinforcement together to prevent
displacement beyond the tolerances allowed by
construction loads or by placement of grout or mortar.

2.Completely embed reinforcing bars in grout in
accordance with Article 3.5.

3. Maintain clear distance between reinforcing bars
and any face of masonry unit or formed surface, but
not less than '/, in. (6.4 mm) for fine grout or '/, in.
(12.7 mm) for coarse grout.

4.Splice only where indicated on the Project
Drawings, unless otherwise acceptable. When
splicing by welding, provide welds in conformance
with the provisions of AWS D 1.4.

5. Unless accepted by the Architect/Engineer, do not bend
reinforcement after it is embedded in grout or mortar.

6. Noncontact lap splices — Position bars spliced by
noncontact lap splice no farther apart transversely
than one-fifth the specified length of lap nor more
than 8 in. (203 mm)

7. Joint reinforcement

a. Place joint reinforcement so that longitudinal
wires are embedded in mortar with a minimum
cover of '/, in. (12.7 mm) when not exposed to
weather or earth and /g in. (15.9 mm) when
exposed to weather or earth.

b. Provide minimum 6-in. (152.4-mm) lap splices
for joint reinforcement.

c. Ensure that all ends of longitudinal wires of joint
reinforcement are embedded in mortar at laps.

8. Placement tolerances

a. Tolerances for the placement of reinforcing bars
in walls and flexural elements shall be + '/, in.
(12.7 mm) when the distance from the centerline
of reinforcing bars to the opposite face of
masonry, d, is equal to 8 in. (203 mm) or less,
+ 1 in. (25.4 mm) for d equal to 24 in. (610 mm)
or less but greater than 8 in. (203 mm), and
+1',in. (31.8 mm) for d greater than 24 in.
(610 mm).
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b.Place vertical bars within 2 in. (50.8 mm) of the
required location along the length of the wall.

c. If it is necessary to move bars more than one bar
diameter or a distance exceeding the tolerance
stated above to avoid interference with other
reinforcing steel, conduits, or embedded items,
notify the Architect/Engineer for acceptance of
the resulting arrangement of bars.

d. Foundation dowels that interfere with unit webs
are permitted to be bent to a maximum of 1 in.
(25 mm) horizontally for every 6 in. (152 mm) of
vertical height.

3.4 C. Wall ties

1. Embed the ends of wall ties in mortar joints. Embed
wall tie ends at least '/, in. (13 mm) into the outer
face shell of hollow units. Embed wire wall ties at
least 1'/, in. (38.1 mm) into the mortar bed of solid
masonry units or solid grouted hollow units.

2. Unless otherwise required, bond wythes not bonded
by headers with wall ties as follows:

Wire Minimum number of

size wall ties required
W1.7(MWI11)  One per 2.67 ft* (0.25 m?)
W2.8 (MW18) One per 4.50 ft* (0.42 m?)

The maximum spacing between ties is 36 in.
(914 mm) horizontally and 24 in. (610 mm) vertically.

3. Unless accepted by the Architect/Engineer, do not bend
wall ties after being embedded in grout or mortar.

4. Unless otherwise required, install adjustable ties in
accordance with the following requirements:

a. One tie for each 1.77 ft* (0.16 m?) of wall area.

b.Do not exceed 16 in. (406 mm) horizontal or
vertical spacing.

¢. The maximum misalignment of bed joints from
one wythe to the other is 1'/; in. (31.8 mm).

d. The maximum clearance between connecting
parts of the ties is '/ in. (1.6 mm).

e. When pintle legs are used, provide ties with at
least two legs made of wire size W2.8 (MW18).

5. Install wire ties perpendicular to a vertical line on
the face of the wythe from which they protrude.
Where one-piece ties or joint reinforcement are
used, the bed joints of adjacent wythes shall align.

6. Unless otherwise required, provide additional unit
ties around openings larger than 16 in. (406 mm) in

either dimension. Space ties around perimeter of
opening at a maximum of 3 ft (0.91 m) on center.
Place ties within 12 in. (305 mm) of opening.

7. Unless otherwise required, provide unit ties within
12 in. (305 mm) of unsupported edges at horizontal
or vertical spacing given in Article 3.4 C.2.

3.4 D. Anchor bolts -

1. Embed headed and bent-bar anchor bolts larger than
Yain. (6.4 mm) diameter in grout that is placed in
accordance with Article 3.5 A and Article 3.5B.
Anchor bolts of % in. (6.4 mm) diameter or less are
permitted to be placed in grout or mortar bed joints
that have a specified thickness of at least 'z in.
(12.7 mm) thickness.

2.Maintain clear distance between anchor bolts and
any face of masonry unit or formed surface of at
least % in. (6.4 mm) when using fine grout, and of
at least % in. (12.7 mm) when using coarse grout.

3.Place anchor bolts with a clear distance between
parallel anchor bolts not less than the nominal
diameter of the anchor bolt, nor less than 1 in.
(25.4 mm).

3.4 E. Veneer anchors — Place corrugated sheet-metal
anchors, sheet-metal anchors, and wire anchors as follows:

1. With solid units, embed anchors in mortar joint and
extend into the veneer a minimum of 1'% in.
(38.1 mm), with at least “/5 in. (15.9 mm) cover to
the outside face.

2. With hollow units, embed anchors in mortar or
grout and extend into the veneer a minimum of
1 % in. (38.1 mm), with at least /g in. (15.9 mm)
mortar or grout cover to outside face.

3.Install adjustable anchors in accordance with the
requirements of Articles 3.4 C.4.c, d, and e.

4.Provide at least one adjustable two-piece anchor,
anchor of wire size W 1.7 (MW11), or 22 gage
(0.8 mm) corrugated sheet-metal anchor for each
2.67 ft* (0.25 m?) of wall area.

5. Provide at least one anchor of other types for each
3.5 ft* (0.33 m?) of wall area.

6. Space anchors at a maximum of 32 in. (813 mm)
horizontally and 25 in. (635 mm) vertically, but not
to exceed the applicable requirement of Article
34E4o0r34E.S.

7.Provide additional anchors around openings larger
than 16 in. (406 mm) in either dimension. Space
anchors around the perimeter of opening at a
maximum of 3 ft (0.9 m) on center. Place anchors
within 12 in. (305 mm) of opening.
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34 F. Glass unit masonry panel anchors — When used
instead of channel-type restraints, install panel anchors as
follows:

1. Unless otherwise required, space panel anchors at 16 in.
(406 mm) in both the jambs and across the head.

2.Embed panel anchors a minimum of 12 in.
(305 mm), except for panels less than 2 ft (0.61 m)
in the direction of embedment. When a panel
dimension is less than 2 ft (0.61 m), embed panel
anchors in the short direction a minimum of 6 in.
(152 mm), unless otherwise required.

3.Provide two fasteners, capable of resisting the
required loads, per panel anchor.

3.5 — Grout placement

3.5 A. Placing time — Place grout within 1'/, hr from
introducing water in the mixture and prior to initial set.

1. Discard field-mixed grout that does not meet the
specified slump without adding water after
initial mixing.

2. For transit-mixed grout:

a. Addition of water is permitted at the time of
initial discharge to adjust slump to conform to
Article 2.6 B.2.

b. Discard transmit-mixed grout that does not meet
the specified slump without adding water, other
than the water that was added at the time of
initial discharge.

Table 7 — Grout space requirements

c. The time limitation is waived as long as the
transit-mixed grout meets the specified slump.

3.5 B. Confinement — Confine grout to the areas
indicated on the Project Drawings. Use material to confine
grout that permits bond between masonry units and mortar.

3.5 C. Grout pour height — Do not exceed the
maximum grout pour height given in Table 7.

3.5 D. Grout lift height
1. For grout conforming to Article 2.2 A.1:

a. Where the following conditions are met, place
grout in lifts not exceeding 12.67 ft (3.86 m).

i.  The masonry has cured for at least 4 hours.

ii. The grout slump is maintained between 10
and 11 in. (254 and 279 mm).

iii. No intermediate reinforced bond beams are
placed between the top and the bottom of
the pour height.

b. When the conditions of Articles 3.5 D.1.a.i and
3.5 D.l.a.ii are met but there are intermediate
bond beams within the grout pour, limit the
grout lift height to the bottom of the lowest
bond beam that is more than 5 ft (1.52 m)
above the bottom of the lift, but do not exceed a
grout lift height of 12.67 ft (3.86 m).

c. When the conditions of Article 3.5 D.l.a.i or
Article 3.5 D.1.a.ii are not met, place grout in
lifts not exceeding 5 ft (1.52 m).

Grout type' Maximum grout Minimum width of Minimum grout space

pour height, grout space,™ dimensions for grouting

ft (m) in. (mm) cells of hollow units,***
in. X in. (mm x mm)
Fine 1 (0.30) 34 (19.1) 1',x 2 (38.1 x 50.8)
Fine 5(1.52) 2 (50.8) 2x3(50.8x76.2)
Fine 12 (3.66) 2'7,(63.5) 2',x 3 (63.5x76.2)
Fine 24 (7.32) 3(76.2) 3x3(76.2x76.2)
Coarse 1 (0.30) 1'/, (38.1) 1',x 3 (38.1 x76.2)
Coarse 5(1.52) 2 (50.8) 2',x3(63.5x76.2)
Coarse 12 (3.66) 2!, (63.5) 3x3(76.2x76.2)
Coarse 24 (7.32) 3(76.2) 3x4 (76 .2x 102)

! Fine and coarse grouts are defined in ASTM C476.

% For grouting between masonry wythes.

3 Grout space dimension is the clear dimension between any masonry protrusion and shall be increased by the diameters of the

horizontal bars within the cross section of the grout space.

4 Area of vertical reinforcement shall not exceed 6 percent of the area of the grout space.

$ Minimum grout space dimension for AAC masonry units shall be 3-in. x 3-in. or a 3-in. diameter cell.
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2. For self-consolidating grout conforming to
Article 2.2:

a. When placed in masonry that has cured for at
least 4 hours, place in lifts not exceeding the
grout pour height.

b. When placed in masonry that has not cured for
at least 4 hours, place in lifts not exceeding 5 ft
(1.52m)

3.5 E. Consolidation

1. Consolidate grout at the time of placement.

a. Consolidate grout pours 12 in. (305 mm) or
less in height by mechanical vibration or by
puddling.

b. Consolidate pours exceeding 12 in. (305 mm)
in height by mechanical vibration, and
reconsolidate by mechanical vibration after
initial water loss and settlement has occurred.

2. Consolidation or reconsolidation is not required
for self-consolidating grout.

3.5 F. Grout key — When grouting, form grout keys
between grout pours. Form grout keys between grout
lifts when the first lift is permitted to set prior to
placement of the subsequent lift

1.Form a grout key by terminating the grout a
minimum of 1% in. (38.1 mm) below a mortar joint.

2. Do not form grout keys within beams.

3. At beams or lintels laid with closed bottom units,
terminate the grout pour at the bottom of the beam
or lintel without forming a grout key.

3.5 G. Alternate grout placement — Place masonry
units and grout using construction procedures employed
in the accepted grout demonstration panel.

3.5 H. Grout for AAC masonry -- Use grout
conforming to ASTM C476. Wet AAC masonry
thoroughly before grouting to ensure that the grout flows
to completely fill the space to be grouted. Grout slump
shall be between 8 in. and 11 in. (203 and 279 mm)
when determined in accordance with ASTM
C143/C143M.

3.6 — Prestressing tendon installation and
stressing procedure

3.6 A. Site tolerances

1. Tolerance for prestressing tendon placement in the
out-of-plane direction in beams, columns, pilasters,
and walls shall be + '/, in. (6.4 mm) for masonry
cross-sectional dimensions less than nominal 8 in.
(203 mm) and + */g in. (9.5 mm) for masonry cross-
sectional dimensions equal to or greater than
nominal 8 in. (203 mm).

2. Tolerance for prestressing tendon placement in
the in-plane direction of walls shall be £ 1 in.
(25.4 mm).

3. If prestressing tendons are moved more than one
tendon diameter or a distance exceeding the
tolerances stated in Articles 3.6 A.1 and 3.6 A.2 to
avoid  interference  with  other  tendons,
reinforcement, conduits, or embedded items, notify
the Architect/Engineer for acceptance of the
resulting arrangement of prestressing tendons.

3.6 B. Application and measurement of prestressing
force

1. Determine the prestressing force by both of the
following methods:

a. Measure the prestressing tendon elongation and
compare it with the required elongation based on
average load-elongation curves for the
prestressing tendons.

b. Observe the jacking force on a calibrated gage
or load cell or by use of a calibrated
dynamometer. For prestressing tendons using
bars of less than 150 ksi (1034 MPa) tensile
strength, Direct Tension Indicator (DTI) washers
complying with ASTM F959M are acceptable.

2. Ascertain the cause of the difference in force
determined by the two methods described in
Article 3.6 B.1. when the difference exceeds 5
percent for pretensioned elements or 7 percent for
post-tensioned elements, and correct the cause of
the difference.

3. When the total loss of prestress due to unreplaced
broken prestressing tendons exceeds 2 percent of
total prestress, notify the Architect/Engineer.

3.6 C. Grouting bonded tendons

1.Mix prestressing grout in equipment capable of
continuous mechanical mixing and agitation so as
to produce uniform distribution of materials, pass
through screens, and pump in a manner that will
completely fill tendon ducts.

2. Maintain temperature of masonry above 35°F (1.7°C)
at time of grouting and until field-cured 2 in.
(50.8 mm) cubes of prestressing grout reach a
minimum compressive strength of 800 psi (5.52 MPa).

3. Keep prestressing grout temperatures below 90°F
(32.2°C) during mixing and pumping.

3.6 D. Burning and welding operations — Carefully
perform burning and welding operations in the vicinity of
prestressing tendons so that tendons and sheathings, if
used, are not subjected to excessive temperatures,
welding sparks, or grounding currents.
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3.7 — Field quality control 3.8 — Cleaning
3.7A. Verify f', and f'yc in accordance with Clean exposed masonry surfaces of stains,
Article 1.6. efflorescence, mortar or grout droppings, and debris.

3.7 B. Sample and test grout as required by Articles
1.4 B and 1.6.
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FOREWORD TO SPECIFICATION CHECKLISTS

F1. This Foreword is included for explanatory
purposes only; it does not form a part of Specification
TMS 602-08/ACI 530.1-08/ASCE 6-08.

F2. Specification TMS 602-08/ACI 530.1-08/ASCE
6-08 may be referenced by the Architect/Engineer in the
Project Specification for any building project, together
with supplementary requirements for the specific project.
Responsibilities for project participants must be defined
in the Project Specification.

F3. Checklists do not form a part of Specification
TMS 602-08/ACI 530.1-08/ASCE 6-08. Checklists
assist the Architect/Engineer in selecting and specifying
project requirements in the Project Specification. The
checklists identify the Sections, Parts, and Articles of the
reference Specification and the action required or
available to the Architect/Engineer.

F4. The Architect/Engineer must make adjustments
to the Specification based on the needs of a particular
project by reviewing each of the items in the checklists
and including the items the Architect/Engineer selects as
mandatory requirements in the Project Specification.

F5. The Mandatory Requirements Checklist
indicates work requirements regarding specific qualities,
procedures, materials, and performance criteria that are
not defined in Specification TMS 602-08/ACI 530.1-
08/ASCE 6-08 or requirements for which the
Architect/Engineer must define which of the choices
apply to the project.

F6. The Optional Requirements Checklist identifies
Architect/Engineer choices and alternatives.
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MANDATORY REQUIREMENTS CHECKLIST

Section/Part/Article Notes to the Architect/Engineer
PART 1 — GENERAL
1.4 A Compressive strength requirements Specify f 4, and f /14c, except for veneer, glass unit masonry, and

1.4 B.2 Unit strength method

1.6 Quality assurance

1.6 A.1 Testing Agency’s services and duties

1.6 B.1 Inspection Agency’s services and

duties

PART 2 — PRODUCTS

2.1 Mortar materials

2.3 Masonry unit materials

2.4 Reinforcement, prestressing tendons,
and metal accessories

2.4 C.3 Welded wire reinforcement

24 E  Stainless steel

24F  Coating for corrosion protection

2.4 G  Corrosion protection for tendons

24 H  Prestressing anchorages, couplers, and
end blocks

2.5E  Joint fillers

2.7B  Prefabricated masonry

PART 3 — EXECUTION
3.3 D.2-4 Pipes and conduits
33D.5
3.3 D-6

Accessories

Movementjoints

empirically designed masonry. Specify f 7,; for prestressed
masonry.

Specify when strength of grout is to be determined by test.

Define the submittal reporting and review procedure.

Specify which of Tables 3, 4, or 5 applies to the project. Specify
which portions of the masonry were designed in accordance with

the empirical, veneer, or glass unit masonry provisions of this
Code and are, therefore, exempt from verification of f 7, .

Specify which of Tables 3, 4, or 5 applies to the project. Specify
which portions of the masonry were designed in accordance with
the empirical, veneer, or glass unit masonry provisions of this
Code and are, therefore, exempt from verification of 1/, .

Specify type, color, and cementitious materials to be used in
mortar and mortar to be used for the various parts of the
project and the type of mortar to be used with each type of
masonry unit.

Specify the masonry units to be used for the various parts of the
projects.

Specify type and grade of reinforcement, tendons, connectors, and
accessories.
Specify when welded wire reinforcement is to be plain.

Specify when stainless steel joint reinforcement, anchors, ties,
and/or accessories are required.

Specify the types of corrosion protection that are required for each
portion of the masonry construction.

Specify the corrosion protection method.

Specify the anchorages and couplers and their corrosion

protection.
Specify size and shape of joint fillers.

Specify prefabricated masonry and requirements in supplement of
those of ASTM C901.

Specify sleeve sizes and spacing.
Specify accessories not indicated on the project drawings.

Indicate type and location of movement joints on the project
drawings.

S-31
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OPTIONAL REQUIREMENTS CHECKLIST

Section/Part/Article Notes to the Architect/Engineer
PART 1 — GENERAL
1.5B Specify required submittals.
1.6 Quality assurance Define who will retain the Testing Agency and Inspection Agency,

if other than the Owner.

PART 2 — PRODUCTS

2.2 Specify grout requirements at variance with TMS 602/ACI
530.1/ASCE 6. Specify admixtures.

2.5A  Movement joint Specify requirements at variance with TMS 602/ACI 530.1/ASCE 6.

and

25B

Specify where acid or caustic solutions are allowed and how to

2.5D  Masonry cleaner neutralize them.

2.6 A Mortar Specify if hand mixing is allowed and the method of measurement
of material.
2.6 B.1 Grout proportioning and mixing Specify requirements at variance with TMS 602/ACI 530.1/ASCE 6

PART 3 — EXECUTI

32C  Wetting masonry units Specify when units are to be wetted.

3.3 A Bond pattern Specify bond pattern other than running bond.

3.3 B.1 Bed and head joints Specify ~ thickness and  tooling  differing from  TMS
602/ACI 530.1/ASCE 6.

3.3 B.2 Collar joints Specify the filling of collar joints less than */; in. (19.1 mm) thick
differing from TMS 602/ACI 530.1/ASCE 6.

3.3 B.3 Hollow units Specify when cross webs are to be mortar bedded.

3.3 B.4 Solid units Specify mortar bedding at variance with TMS 602/ACI 530.1/ASCE 6.

3.3 B.5 Glass units Specify mortar bedding at variance with TMS 602/ACI 530.1/ASCE 6.

I 3.3 B.7.b AAC Masonry Specify when mortar may be omitted from AAC running bond masonry

head joints that are less than 8 in. (200 mm) (nominal) tall.

3.3 D.2-4 Embedded items and accessories Specify locations where sleeves are required for pipes or conduits.

34C2,3,and 4 Specify requirements at variance with TMS 602/ACI 530.1/ASCE 6.
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INTRODUCTION

This Commentary documents some of the
considerations of the Masonry Standards Joint Committee
(MSIJC) in developing the provisions contained in Building
Code Requirements for Masonry Structures (TMS 402-
08/ACI 530-08/ASCE 5-08), referred to here as the Code.
Comments on specific provisions are made under the
corresponding chapter and section numbers of this Code.

The Commentary is not intended to provide a detailed
account of the studies and research data reviewed by the
committee in formulating the provisions of this Code.
However, references to some of the research data are
provided for those who wish to study the background
material in depth.

As the name implies, Building Code Requirements for
Masonry Structures (TMS 402-08/ACI 530-08/ASCE 5-
08) 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, complete design
procedures, or design aids.

This Code is intended to cover buildings of the usual
types, both large and small. This Code and this
Commentary cannot replace sound engineering
knowledge, experience, and judgment. Requirements more
stringent than the Code provisions may sometimes be
desirable.

A Dbuilding code states only the minimum
requirements necessary to provide for public health and
safety. The MSJC Building Code is based on this
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 in this Code. However, lower
standards are not permitted.

This Commentary directs attention to other documents
that provide suggestions for carrying out the requirements
and intent of this Code. However, those documents and
this Commentary are not intended to be a part of this
Code.

This Code has no legal status unless it is adopted by
government bodies having the police power to regulate
building design and construction or unless incorporated
into a contract. 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 a
legally appointed building official or designated
representatives. Therefore, this Code cannot define the
contract responsibility of each of the parties in usual
construction, unless incorporated into a contract. However,
general references requiring compliance with this Code in
the project specifications are improper since minimum
code requirements should be incorporated in the contract
documents, which should contain requirements necessary
for construction.

Masonry is one of the oldest forms of construction. In
modern times, the design of masonry has been governed
by standards that separate clay masonry from concrete
masonry. For this Code, the committee has adopted the
policy that the design methodology for all masonry should
be the same. The committee adopted this policy in
recognition that the design methodology developed does
not always predict the actual performance of masonry as
accurately as it would like and that masonry work
designed in accordance with some empirical provisions
performs better than would be indicated by current design
procedures. These design situations are being identified by
the committee and singled out for further detailed research.
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CHAPTER 1
GENERAL DESIGN REQUIREMENTS FOR MASONRY

1.1 — Scope

This Code covers the structural design and construction
of masonry elements and serves as a part of the legally
adopted building code. Since the requirements for masonry
in this Code are interrelated, this Code may need to
supersede when there are conflicts on masonry design and
construction with the legally adopted building code or with
documents referenced by this Code. The designer must
resolve the conflict for each specific case.

1.1.1  Minimum requirements

This code governs structural design of both structural
and non-structural masonry elements. Examples of non-
structural elements are masonry veneer, glass unit
masonry, and masonry partitions. Structural design aspects
of non-structural masonry elements include, but are not
limited to, gravity and lateral support, and load transfer to
supporting elements.

1.1.2  Governing building code
No Commentary

1.1.3  Design procedures

Design procedures in Chapter 2 are allowable stress
methods in which the stresses resulting from service loads
must not exceed permissible service load stresses. Design
procedures in Chapter 3 and Appendix A are strength
design methods in which internal forces resulting from
application of factored loads must not exceed design
strength (nominal member strength reduced by a strength-
reduction factor ¢).

For allowable stress design, linear elastic materials
following Hooke’s Law are assumed, that is, deformations
(strains) are linearly proportional to the loads (stresses).
All materials are assumed to be homogeneous and
isotropic, and sections that are plane before bending
remain plane after bending. These assumptions are
adequate within the low range of working stresses under
consideration. The allowable stresses are fractions of the
specified compressive strength, resulting in conservative
factors of safety.

Service load is the load that is assumed by the legally
adopted building code to actually occur when the structure
is in service. The stresses allowed under the action of
service loads are limited to values within the elastic range
of the materials.

For strength design methods, internal forces arising
from application of combinations of factored loads are the
basis for design. Such load combinations are specified in
the legally adopted building code. Nominal member
strengths are typically computed using minimum specified
material strengths. Materials are assumed to be
homogenous, isotropic, and exhibit nonlinear behavior.

Under loads that exceed service levels, nonlinear material
behavior, cracking, and reinforcing bar slip invalidate the
assumption regarding the linearity of the stress-strain
relation for masonry, grout, and reinforcing steel. If
nonlinear behavior is modeled, however, nominal strength
can be accurately predicted. Strength-reduction (¢) factors
are assigned values based on limiting the probability of
failure to an acceptably small value, with some adjustment
based on judgment and experience.

Empirical design procedures of Chapter 5 are permitted
in certain instances. Elements not working integrally with
the structure, such as partition or panel walls, or any element
not (or not permanently) absorbing or transmitting forces
resulting from the behavior of the structure under loads, may
be designed empirically. A masonry shear wall would be an
integral structural element while some wall partitions,
because of their method of construction or attachment,
would not. Empirical design is permitted for buildings of
limited height and low seismic risk.

Masonry structures may be required to have enhanced
structural integrity as part of a comprehensive design
against progressive collapse due to accident, misuse,
sabotage or other causes. General design guidance
addressing this issue is available in Commentary Section
1.4 of ASCE 7. Suggestions from that Commentary, of
specific application to many masonry structures, include
but are not limited to: consideration of plan layout to
incorporate returns on walls, both interior and exterior; use
of load bearing interior partitions; adequate continuity of
walls, ties, and joint rigidity; providing walls capable of
beam action; ductile detailing and the wuse of
compartmentalized construction.

1.1.4 SI equivalents
No Commentary

1.2 — Contract documents and calculations

121  The provisions for preparation of project
drawings, project specifications, and issuance of permits are, in
general, consistent with those of most legally adopted building
codes and are intended as supplements to those codes.

This Code is not intended to be made a part of the
contract documents. The contractor should not be
required through contract documents to assume
responsibility regarding design (Code) requirements,
unless the construction entity is acting in a design-build
capacity. A Commentary on TMS 602/ACI 530.1/ASCE
6 follows the Specification.
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1.2.2 This Code lists some of the more important
items of information that must be included in the project
drawings or project specifications. This is not an all-
inclusive list, and additional items may be required by the
building official.

Masonry does not always behave in the same manner
as its structural supports or adjacent construction. The
designer should consider differential movements and the
forces resulting from their restraint. The type of
connection chosen should transfer only the loads planned.
While some connections transfer loads perpendicular to
the wall, other devices transfer loads within the plane of
the wall. Figure CC-1.2.2-1 shows representative wall
anchorage details that allow movement within the plane of
the wall. While load transfer usually involves masonry
attached to structural elements, such as beams or columns,

Anchor

the connection of nonstructural elements, such as door and
window frames, should also be addressed.

Connectors are of a variety of sizes, shapes, and uses.
In order to perform properly they should be identified on
the project drawings.

1.2.3 The contract documents must accurately reflect
design requirements. For example, joint and opening
locations assumed in the design should be coordinated
with locations shown on the drawings.

Verification that masonry construction conforms to
the contract documents is required by this Code. A
program of quality assurance must be included in the
contract documents to satisfy this Code requirement.

1.2.4 No Commentary

4/
I

Section

(b') Wall Anchorage to Concrete Columns

Plan

Anchor Rod Welded %
to Column

Flexible Anchor/

Section

(c) Wall Anchorage to Steel Column

Anchor Rod Welded
—— to Beam Web

\Flexible Anchor

Section

Figure CC-1.2.2-1 — Wall anchorage details
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1.3 — Approval of special systems of design or
construction

New methods of design, new materials, and new uses
of materials must undergo a period of development before
being specifically covered in a code. Hence, valid systems
or components might be excluded from use by implication
if means were not available to obtain acceptance. This
section permits proponents to submit data substantiating
the adequacy of their system or component to a Board of
Examiners. Such a board should be created and named in
accordance with local laws and should be headed by a
registered engineer. Board members should be directly
associated with, and competent in, the fields of structural
design or construction of masonry.

For special 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
the Code.

1.4—Standards cited in this Code

These standards are referenced in this Code. Specific
dates are listed here since changes to the standard may result
in changes of properties or procedures.

Contact information for these organizations is given
below:

American Concrete Institute
38800 Country Club Drive
Farmington Hills, MI 48331
www.aci-int.org

American Society of Civil Engineers
1801 Alexander Bell Drive

Reston, VA 20191

WWW.asce.org

ASTM, Inc.

100 Barr Harbor Drive

West Conshohocken, PA 19428-2959
WWwWWw.astm.org

American Welding Society
550 N.W. LeJeune Road
Miami, Florida 33126
WWW.aws.org

The Masonry Society (TMS)
3970 Broadway, Suite 201-D
Boulder, CO 80304
Www.masonrysociety.org

1.5 — Notation

Notations used in this Code are summarized here.

1.6 — Definitions

For consistent application of this Code, terms are
defined that have particular meanings in this Code. The
definitions given are for use in application of this Code
only and do not always correspond to ordinary usage.
Glossaries of masonry terminology are available from
several sources within the industry'"'* '3,

The permitted tolerances for units are given in the
appropriate materials standards. Permitted tolerances for
joints and masonry construction are given in the
Specification. Nominal dimensions are usually used to
identify the size of a masonry unit. The thickness or width
is given first, followed by height and length. Nominal
dimensions are normally given in whole numbers nearest
to the specified dimensions. Specified dimensions are most
often used for design calculations.

The Inspection Agency is required to be on-site
whenever masonry tasks requiring continuous inspection
are in progress. During construction requiring periodic
inspection, the Inspection Agency is only required to be on
site intermittently, and is required to observe completed
work. The frequency of periodic inspections should be
defined by the Architect/Engineer as part of the quality
assurance plan, and should be consistent with the
complexity and size of the project.

Special boundary elements — Requirements for
longitudinal and transverse reinforcement have not been
established in general, and must be verified by testing.
Research in this area is ongoing.

Licensed design professional — For convenience, the
Commentary uses the term “designer” when referring to
the licensed design professional.

1.7 — Loading

The provisions establish design load requirements. If
the design loads specified by the legally adopted building
code differ from those of ASCE 7, the legally adopted
building code governs. The designer may decide to use the
more stringent requirements.

1.7.1 General
No additional commentary

1.7.2  Load provisions
No additional commentary

1.7.3 Lateral load resistance

Lateral load resistance must be provided by a braced
structural system. Partitions, infill panels, and similar
elements may not be a part of the lateral-force-resisting
system if isolated. However, when they resist lateral forces
due to their rigidity, they should be considered in analysis.
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1.7.4  Load transfer at horizontal connections

Masonry walls, pilasters, and columns may be
connected to horizontal elements of the structure and may
rely on the latter for lateral support and stability. The
mechanism through which the interconnecting forces are
transmitted may involve bond, mechanical anchorage,
friction, bearing, or a combination thereof. The designer
must assure that, regardless of the type of connection, the
interacting forces are safely resisted.

In flexible frame construction, the relative movement
(drift) between floors may generate forces within the
members and the connections. This Code requires the
effects of these movements to be considered in design.

1.7.5 Other effects

Service loads are not the sole source of stresses. The
structure must also resist forces from the sources listed.
The nature and extent of some of these forces may be
greatly influenced by the choice of materials, structural
connections, and geometric configuration.

1.7.6  Lateral load distribution

The design assumptions for masonry buildings include
the use of a lateral load-resisting system. The distribution
of lateral loads to the members of the resisting structural
system is a function of the rigidities of the structural

Elevation of Coupled Shear Wall
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system and of the horizontal diaphragms. The method of
connection at intersecting walls and between walls and
floor and roof diaphragms determines if the wall
participates in the resisting structural system. Lateral loads
from wind and seismic forces are normally considered to
act in the direction of the principal axes of the structure.
Lateral loads may cause forces in walls both perpendicular
and parallel to the direction of the load. Horizontal torsion
can be developed due to eccentricity of the applied load
with respect to the center of rigidity.

The analysis of lateral load distribution should be in
accordance with accepted engineering procedures. The
analysis should rationally consider the effects of openings
in shear walls and whether the masonry above the
openings allows them to act as coupled shear walls. See
Figure CC-1.7-1. The interaction of coupled shear walls is
complex and further information may be obtained from
Reference 1.4.

Computation of the stiffness of shear walls should
consider shearing and flexural deformations. A guide for
solid shear walls (that is, with no openings) is given in
Figure CC-1.7-2. For nongrouted hollow unit shear walls,
the use of equivalent solid thickness of wall in computing
web stiffness is acceptable.

Elevation of Non-Coupled Shear Wall

Figure CC-1.7-1 — Coupled and noncoupled shear walls
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h/d<0.25

(a) Shear Stiffness
Predominates

0.25< h/d<4.0

(b) Both Shear Stiffness
and Bending Stiffness

hid >4

(c) Bending Stiffness
Predominates

are Important

Figure CC-1.7-2 — Shear wall stiffness

1.8 — Material properties

1.8.1 General

Proper evaluation of the building material movement
from all sources is an important element of masonry
design. Clay masonry and concrete masonry may behave
quite differently under normal loading and weather
conditions. The committee has extensively studied
available research information in the development of these
material properties. However, the Committee recognizes
the need for further research on this subject. The designer
is encouraged to review industry standards for further
design information and movement joint locations. Material
properties can be determined by appropriate tests of the
materials to be used.

1.8.2 Elastic moduli

Modulus of elasticity for clay and concrete masonry
has traditionally been taken as 1000 f ', in previous
masonry codes. Research'> ' has indicated, however, that
there is a large variation in the relationship of elastic
modulus versus compressive strength of masonry, and that
lower values may be more typical. However, differences in
procedures between one research investigation and another
may account for much of the indicated variation.
Furthermore, the type of elastic moduli being reported (for
example, secant modulus, tangent modulus, or chord
modulus) is not always identified. The committee decided
the most appropriate elastic modulus for working-stress
design purposes is the slope of the stress-strain curve
below a stress value of 0.33 f7,, the allowable flexural
compressive stress. Data at the bottom of the stress strain
curve may be questionable due to the seating effect of the
specimen during the initial loading phase if measurements
are made on the testing machine platens. The committee
therefore decided that the most appropriate elastic modulus
for design purposes is the chord modulus from a stress

value of 5 to 33 percent of the compressive strength of
masonry (see Figure CC-1.8-1). The terms chord modulus
and secant modulus have been used interchangeably in the
past. The chord modulus, as used here, is defined as the
slope of a line intersecting the stress-strain curve at two
points, neither of which is the origin of the curve.

For clay and concrete masonry, the elastic modulus is
determined as a function of masonry compressive strength
using the relations developed from an extensive survey of
modulus data by Wolde-Tinsae et al."* and results of a test
program by Colville et al'®. Code values for E,, are higher
than indicated by a best fit of data relating E, to the
compressive strength of masonry. The higher Code values
are based on the fact that actual compressive strength
significantly exceeds the specified compressive strength of
masonry, f 4, particularly for clay masonry.

Compressive Strength

———0.33 x Compressive
Strength

Stress

_ AStress
AStrain

m

? Stress

— — —0.05x Compressive
Strength

/lAStrain

Strain
Figure CC-1.8-1 — Chord modulus of elasticity
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By using the Code values, the contribution of each
wythe to composite action is more accurately accounted
for in design calculations than would be the case if the
elastic modulus of each part of a composite wall were
based on one specified compressive strength of masonry.

The modulus of elasticity of autoclaved aerated concrete
(AAC) masonry depends almost entirely on the modulus of
elasticity of the AAC material itself. The relationship
between modulus of elasticity and compressive strength is
given in References A.3 and A 4.

The modulus of elasticity of a grouted assemblage of
clay or concrete masonry can usually be taken as a factor
multiplied by the specified compressive strength,
regardless of the extent of grouting, because the modulus
of elasticity of the grout is usually close to that of the clay
or concrete masonry. However, grout is usually much
stiffer than the AAC material. While it is permissible and
conservative to compute the modulus of elasticity of a
grouted assemblage of AAC masonry assuming that the
modulus of elasticity of the grout is the same as that of the
AAC material, it is also possible to recognize the greater
modulus of elasticity of the grout by transforming the
cross-sectional area of grout into an equivalent cross-
sectional area of AAC, using the modular ratio between
the two materials.

Because the inelastic stress-strain behavior of grout is
generally similar to that of clay or concrete masonry,
calculations of element resistance (whether based on
allowable-stress or strength design) usually neglect
possible differences in strength between grout and the
surrounding masonry. For the same reasons noted above,
the stress-strain behavior of grout usually differs
considerably from that of the surrounding AAC material. It
is possible that these differences in stress-strain behavior
could also be considered in computing element resistances.
Research is ongoing to resolve this issue.

The relationship between the modulus of rigidity and the
modulus of elasticity has historically been given as 0.4 E,,.
No experimental evidence exists to support this relationship.

1.8.3 Coefficients of thermal expansion

Temperature changes cause material expansion and
contraction. This material movement is theoretically
reversible. These thermal expansion coefficients are
slightly ~ higher than mean values for the
assemblage'” ' 17,

Thermal expansion for concrete masonry varies with
aggregate type' 17,

Thermal expansion coefficients are given for AAC

masonry in Reference "'
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1.8.4 Coefficient of moisture expansion for clay masonry

Fired clay products expand upon contact with
moisture and the material does not return to its original
size upon drying'® '°. This is a long-term expansion as
clay particles react with atmospheric moisture. Continued
moisture expansion of clay masonry units has been
reported for 7% years''>. Moisture expansion is not a
design consideration for concrete masonry.

1.8.5 Coefficients of shrinkage

1.8.5.1 Concrete masonry — Concrete masonry
is a cement-based material that shrinks due to moisture
loss and carbonation''’. The total linear drying shrinkage
is determined in accordance with ASTM C426. The
maximum shrinkage allowed by ASTM specifications for
concrete masonry units (for example, ASTM C90), other
than calcium silicate units, is 0.065%. Further design
guidance for estimating the shrinkage due to moisture
loss and carbonation is available''* ''* '3 The
shrinkage of clay masonry is negligible.

1.8.5.2 AAC Masonry — At time of production,
AAC masonry typically has a moisture content of about
30%. That value typically decreases to 15% or less within
two to three months, regardless of ambient relative
humidity. This process can take place during construction
or prior to delivery. ASTM C1386 evaluates AAC material
characteristics at moisture contents between 5% and 15%,
a range that typifies AAC in service. The shrinkage
coefficient of this section reflects the change in strain
likely to be encountered within the extremes of moisture
content typically encountered in service.

1.8.6 Coefficients of creep

When continuously stressed, these materials gradually
deform in the direction of stress application. This movement
is referred to as creep and is load and time
dependent"'® """ The values given are maximum values.

1.8.7 Prestressing steel

The material and section properties of prestressing
steels may vary with each manufacturer. Most significant
for design are the prestressing tendon’s cross section,
modulus of elasticity, tensile strength, and stress-
relaxation properties. Values for these properties for
various manufacturers’ wire, strand, and bar systems are
given elsewhere''”. The modulus of elasticity of
prestressing steel is often taken equal to 28,000 ksi
(193,000 MPa) for design, but can vary and should be
verified by the manufacturer. Stress-strain characteristics
and stress-relaxation properties of prestressing steels must
be determined by test, because these properties may vary
between different steel forms (bar, wire, or strand) and
types (mild, high strength, or stainless).
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1.9 — Section properties

1.9.1 Stress computations

Minimum net section is often difficult to establish in
hollow unit masonry. The designer may choose to use the
minimum thickness of the face shells of the units as the
minimum net section. The minimum net section may not
be the same in the vertical and horizontal directions.

For masonry of hollow units, the minimum cross-
sectional area in both directions may conservatively be
based on the minimum face-shell thickness''®.

Solid clay masonry units are permitted to have coring
up to a maximum of 25 percent of their gross cross-sectional
area. For such units, the net cross-sectional area may be
taken as equal to the gross cross-sectional area, except as
provided in Section 2.1.5.2.2(c) for masonry headers.
Several conditions of net area are shown in Figure CC-1.9-1.

Since the elastic properties of the materials used in
members designed for composite action differ, equal
strains produce different levels of stresses in the
components. To compute these stresses, a convenient
transformed section with respect to the axis of resistance is
considered. The resulting stresses developed in each fiber
are related to the actual stresses by the ratio E; / E,
between the moduli of elasticity of the most deformable
material in the member and of the materials in the fiber
considered. Thus, to obtain the transformed section, fibers
of the actual section are conceptually widened by the ratio
E./E;. Stresses computed based on the section properties
of the transformed section, with respect to the axis of

Brick More than 75% Solid
Net Area Equals Gross Area
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resistance considered, are then multiplied by FE./E; to
obtain actual stresses.

1.9.2  Stiffness

Stiffness is a function of the extent of cracking. The
Code equations for design in Section 2.2, however, are
based on the member’s uncracked moment of inertia. Also,
since the extent of tension cracking in shear walls is not
known in advance, this Code allows the determination of
stiffness to be based on uncracked section properties. For
reinforced masonry, more accurate estimates may result if
stiffness approximations are based on the cracked section .

The section properties of masonry members may vary
from point to point. For example, in a single-wythe
concrete masonry wall made of hollow ungrouted units,
the cross-sectional area varies through the unit height.
Also, the distribution of material varies along the length of
the wall or unit. For stiffness computations, an average
value of the appropriate section property (cross-sectional
area or moment of inertia) is considered adequate for
design. The average net cross-sectional area of the member
would in turn be based on average net cross-sectional area
values of the masonry units and the mortar joints
composing the member.

1.9.3  Radius of gyration

The radius of gyration is the square root of the ratio of
bending moment of inertia to cross-sectional area. Since
stiffness is based on the average net cross-sectional area of
the member considered, this same area should be used in
the computation of radius of gyration.

Hollow Unit Full Mortar Bedding
(Requires Alignment of Crosswebs)

Hollow Unit Full Mortar Bedding

Figure CC-1.9-1 — Net cross-sectional areas
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1.9.4 Intersecting walls

Connections of webs to flanges of walls may be
accomplished by running bond, metal connectors, or bond
beams. Achieving stress transfer at a T intersection with
running bond only is difficult. A running bond connection
should be as shown in Figure CC-1.9-2 with a “T”
geometry over their intersection.

The alternate method, using metal strap connectors, is
shown in Figure CC-1.9-3. Bond beams, shown in Figure
CC-1.9-4, are the third means of connecting webs to
flanges.

When the flanges are connected at the intersection,
they are required to be included in the design.

The effective width of the flange for compression
and unreinforced masonry in flexural tension is based on
shear-lag effects and is a traditional requirement. The
effective width of the flange for reinforced masonry in
flexural tension is based on the experimental and
analytical work of He and Priestley'’. They showed that
the shear-lag effects are significant for uncracked walls,

(-

£z
£z

but become less severe after cracking. He and Priestley' "’
proposed that the effective width of the flange be
determined as:

/ I/h<1.5
l,=40.75h+0.5] 15<1/h<3.5
2.5h [/h=3.5

where /, is the effective flange width, / is the width of the
flange, and /4 is height of the wall. These equations can
result in effective flange widths greater than 1.5 times the
height of the wall. However, a limit of the effective flange
width of 1.5 times the wall height, or % of the wall height
on either side of the web, is provided in the code. This
limit was chosen since the testing by He and Priestley'"”
was limited to a flange width of 1.4 times the wall height.
Designers are cautioned that longitudinal reinforcement
just outside the effective flange width specified by the
code can affect the ductility and behavior of the wall. Any
participation by the reinforcement in resisting the load can
lead to other, more brittle, failure modes such as shear or
crushing of the compression toe.

Shear Wall Shear Wall .

%
-

Fl
iz 7 a”g\ Sz
Tz 22l 7 2 2 2 T2 2t 22 75 2 227 2

Or

Figure CC-1.9-2 — Running bond lap at intersection
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/e Metal Strap Connector
Ya in. Thick (6.4 mm)

Minimum Dimensions

Metal Straps at Grouted Cells

41t (1.2 m) o.c. Vert.

< =
237
Grouted Cells Z o
E
I |
W§E§§§§§§ Shear Wall
Flange

Sectional Elevation

Fig CC-1.9-3 — Metal straps and grouting at wall intersections

Maximum Bond Beam Spacing

S 48 in (1219 mm) on Center
\~<§$\
\\~t.3\

may be used.

Figure CC-1.9-4 — Bond beam at wall intersection

Reinforcement in accordance
with Code Section 1.9.4.2.5(c)

Either open cell bond beam
units or solid bottom lintel units

CC-15
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1.9.5 Bearing area

When the supporting masonry area, A,, is larger on all
sides than the loaded area, A4;, this Code allows
distribution of concentrated loads over a bearing area A,
larger than 4;. The area A, is determined as illustrated in
Figure CC-1.9-5. This is permissible because the
confinement of the bearing area by surrounding masonry
increases the bearing capacity of the masonry under the
concentrated loads. When the edge of the loaded area, 4,
coincides with the face or edge of the masonry, the area 4,
is equal to the loaded area A4;.

1.9.6 Effective compressive width per bar
The effective width of the compressive area for each
reinforcing bar must be established. Figure CC-1.9-6

_

/— Loaded Area, A,

>
Y

s

K]
\This Perimeter of Area
A, is Geometrically
similar to and
Concentric with the

Loaded Area, A,

Plan
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depicts the limits for the conditions stated. Limited
research'?’ is available on this subject.

The limited ability of head joints to transfer stress
when the masonry is laid in stack bond is recognized by
the requirements for bond beams. Masonry units with open
ends that are solidly grouted are assumed to transfer stress
as indicated in Section 2.2.5.2(d), as for running bond.

The center-to-center bar spacing maximum is a limit
to keep from overlapping areas of compressive stress.
The 72-in. (1829-mm) maximum is an empirical choice
of the committee.

i j 45 Degrees

~— A, is Measured on this Plane

Section A-A

Figure CC-1.9-5 — Bearing areas

L
L

0000

“* Length of Unit 4”

For masonry in other than running bond with bond beams spaced less than or
equal to 48 in. (1219 mm) and running bond masonry, b equals the lesser of:

b=s
b =6t
b =72 in. (1829 mm)

For masonry in other than running bond with bond beams spaced greater than

48 in. (1219 mm), b equals the lesser of:

b=s
b = length of unit

Figure CC-1.9-6 — Width of compression area
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1.9.7 Concentrated loads

Reference 1.21 reports the results of tests of a wide
variety of specimens under concentrated loads, including
AAC masonry, concrete block masonry, and clay brick
masonry specimens. Reference 1.21 suggests that a
concentrated load can be distributed at a 2:1 slope,
terminating at half the wall height, where the wall height is
from the point of application of the load to the foundation.
Tests on the load dispersion through a bond beam on top
of hollow masonry reported in Reference 1.22 resulted in
an angle from the horizontal of 59° for a 1-course CMU
bond beam, 65° for a 2-course CMU bond beam, and 58°
for a 2-course clay bond beam, or approximately a 2:1
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slope. For simplicity in design, a 2:1 slope is used for all
cases of load dispersion of a concentrated load.

Code provisions are illustrated in Figure CC-1.9-7.
Figure CC-1.9-7a illustrates the dispersion of a
concentrated load through a bond beam for both running
bond and stack bond. A hollow wall would be checked for
bearing under the bond beam using the effective length.
Figure CC-1.9-7b illustrates the dispersion of a
concentrated load in the wall. The effective length would
be used for checking the wall under the axial force. A wall
may have to be checked at several locations, such as under
a bond beam and at midheight.

Check bearing on
Bearing Plate: l Load hollow wall Load 1 : Bearing Plate
Bond Beam , Bond Beam
V] \I [ | toasss. / \
| _ disperse 5
| II | | \\ ata 2:1 ;l \
LS L Y [ ] soee *
3 I I A ,
Running bond / Stack bond
Load dispersion
terminates at head
joint in stack bond
(a) Distribution of concentrated load through bond beam
Load Load Load
y
T T T T T 71 T T T T T 1 T 1T T 1 T T T 1 1
|||I|||I||| ||||||||||| ||||||| || LT T 1
N N N | ||2'|‘Lr‘|‘|—||
||||||||I ‘Z.J‘FLI‘LFL': 1 [T [T |||I
T T 1 T T ITJT T T 11T T T 11T T 71
1 I T T 1 T 1
T T T T T TIT T T 11T T 71
C T 1 I . I 1 T T 1 T T 1 T 1
T T T 1T T T T T 1T 1 T 1 T T T{T T T T{T T T 11T T 71
C T 1 T T 1T 1T 1 T T 1 1 I - T T 1 T 1
T T T 1T T T T T 11T T T 1 T T T T T TIT T T 17T T 71
C T 1 T T T 1T 1 T 1 1 I - T T 1 T 1
T T T TJT T T T T 17T T T 1 T T 1T T T TI7T T T 11T T 71
T T 1 T T 1T 1T 1 N 1 I C T 1 1
T T T 1T T T T T 17T 1 T 1 T T T/ T T 11T 1T T 17T T 7
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(b) Distribution of concentrated load in wall

Figure CC-1.9-7. Distribution of concentrated loads
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1.10 —Connection to structural frames

Exterior masonry walls connected to structural frames
are used primarily as non-bearing curtain walls.
Regardless of the structural system used for support, there
are differential movements between the structure and the
wall. These differential movements may occur separately
or in combination and may be due to the following:

1) Temperature increase or decrease of either the
structural frame or the masonry wall.

2) Moisture and freezing expansion of brick or shrinkage
of concrete block walls.

3) Elastic shortening of columns from axial loads,
shrinkage, or creep.

4) Deflection of supporting beams.
5) Sidesway in multiple-story buildings.
6) Foundation movement.

Since the tensile strength of masonry is low, these
differential movements must be accommodated by
sufficient clearance between the frame and masonry and
flexible or slip-type connections.

Structural frames and bracing should not be infilled
with masonry to increase resistance to in-plane lateral
forces without considering the differential movements
listed above.

Wood, steel, or concrete columns may be surrounded
by masonry serving as a decorative element. Masonry walls
may be subject to forces as a result of their interaction with
other structural components. Since the masonry element is
often much stiffer, the load will be carried primarily by the
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masonry. These forces, if transmitted to the surrounding
masonry, should not exceed the allowable stresses of the
masonry. Alternately, there should be sufficient clearance
between the frame and masonry. Flexible ties should be used
to allow for the deformations.

Beams or trusses supporting masonry walls are
essentially embedded, and their deflections should be
limited to the allowable deflections for the masonry being
supported. See Section 1.13.3 for requirements.

1.11 — Stack bond masonry

The requirements separating running bond from stack
bond are shown in Figure CC-1.11-1. The amount of steel
required in this section is a prescriptive amount to provide
continuity across the head joints. This reinforcement can
be also used to resist load.

Although continuity across head joints in masonry
laid in other than running bond is a concern for AAC
masonry as well as masonry of clay or concrete, the use of
horizontal reinforcement to enhance continuity is generally
practical only by the use of bond beams.

1.12 — Corbels

The provision for corbelling up to one-half of the wall
or wythe thickness is theoretically valid only if the
opposite side of the wall remains in its same plane. The
addition of the I-in. (25-mm) intrusion into the plane
recognizes the impracticality of keeping the back surface
plane. See Figure CC-1.12-1 and CC-1.12-2 for maximum
permissible unit projection.

_ | I I I
I I I I
I I I I I
I I I I
I I | | I
I I I I
Typical Running Bond Typical Running Bond
Brick Units Concrete Masonry Units
| I I I I
| | | |
I | | | I
| I | |
_ I I I |

| | |
R | |17 unit

Unit Length/ Overlap

Masonry not overlapped a minimum of 1/4

== Unit Length —J — \L‘

1/4 Unit
Overlap

of the unit length is considered to be laid
In Other than Running Bond

Figure CC-1.11-1 — Running bond masonry
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Limitations on Corbelling:

2.4

I——t——l P, |

a+1in. (25 mm)

—_— |

P.<tli2

p<h/2

p<di3

Where:
‘ P. = Allowable total horizontal projection of corbelling
: p = Allowable projection of one unit

t= nominal wall thickness

d = nominal unit thickness (specified thickness plus the thickness
of one mortar joint)

h = nominal unit height (specified height plus the thickness of one
mortar joint

Note: Neither ties nor headers shown.

Figure CC-1.12-1 — Limits on corbelling in solid walls

Limitations on Corbelling:

Pe<d/2

p<hl2

p<dl3

Where:

P, = Allowable total horizontal projection of corbelling

y p = Allowable projection of one unit

X d = Nominal unit thickness (specified thickness plus

the thickness of one mortar joint)

h = Nominal unit height (specified height plus the

re—p thickness of one mortar joint)

a = Air space thickness

Ties shown for illustration only

Figure CC-1.12-2 — Limits on corbelling in walls with air space
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1.13 — Beams

1.13.1 Span length
No Commentary.

1.13.2  Lateral support

To minimize lateral torsional buckling, the Code
requires lateral bracing of the compression face. The
requirement applies to simply supported beams. With
continuous or fixed beams, the spacing may be increased.

1.13.3  Deflections
The provisions of Section 1.13.3.1 address deflections
that may occur at service load levels.

1.13.3.1 The deflection limits apply to beams and
lintels of all materials that support unreinforced masonry.
The deflection requirements may also be applicable to
supported reinforced masonry that has vertical
reinforcement only.

The deflection limit of /600 should prevent long-term
visible deflections and serviceability problems. In most
cases, deflections of approximately twice this amount, or
/300, are required before the deflection becomes
visible'”. This deflection limit is for immediate
deflections. Creep will cause additional long-term
deflections. A larger deflection limit of /480 has been
used when considering long-term deflections'**.

1.13.3.2 The effective moment of inertia was
developed to provide a transition between the upper and
lower bounds of /, and I, as a function of the ratio
M,/M,'*. This procedure was selected as being
sufficiently accurate for use to control deflections'?.
Calculating a more accurate effective moment of inertia
using a moment-curvature analysis may be desirable for
some circumstances.

Most masonry beams have some end restraint due to
being built integrally with a wall. Tests have shown that
the end restraint from beams being built integrally with
walls reduces the deflections from 20 to 45 percent of
those of the simply supported specimens'*’.

1.13.3.3 Reinforced masonry beams and lintels
with span lengths of 8 times d have immediate deflections
of approximately 1/600 of the span length. Masonry beams
and lintels with shorter spans should have sufficient
stiffness to prevent serviceability problems and therefore
deflections do not need to be checked.

1.14 — Columns

Columns are defined in Section 1.6. They are isolated
members usually under axial compressive loads and
flexure. If damaged, columns may cause the collapse of
other members; sometimes of an entire structure. These
critical ~ structural elements warrant the special
requirements of this section.

MANUAL OF CONCRETE PRACTICE

1.14.1 General column design
1.14.1.1 Dimensional limits — The minimum
nominal side dimension of 8 in. (203 mm) results from
practical considerations.

1.14.1.2 Vertical reinforcement — Minimum
vertical reinforcement is required in masonry columns to
prevent brittle failure. The maximum percentage limit in
column vertical reinforcement was established based on
the committee's experience. Four bars are required so ties
can be used to provide a confined core of masonry.

1.14.1.3 Lateral ties — Lateral reinforcement in
columns performs two functions. It provides the required
support to prevent buckling of longitudinal column
reinforcing bars acting in compression and provides
resistance to diagonal tension for columns acting in
shear'?®. Ties may be located in the mortar joint, when the
tie diameter does not exceed 2 the specified mortar joint
thickness. For example, % in. (6.4 mm) diameter ties may
be placed in % in. (12.7 mm) thick mortar joints.

The requirements of this Code are modeled on those
for reinforced concrete columns. Except for permitting
Ya-in. (6.4-mm) ties in Seismic Design Category A, B, and
C, they reflect the applicable provisions of the reinforced
concrete code.

1.14.2 Lightly loaded columns

Masonry columns are often used to support roofs of
carports, porches, sheds or similar light structures. These
columns do not need to meet the detailing requirements of
Section 1.14.1. The axial load limit of 2,000 pounds
(8,900 N) was developed based on the flexural strength of
a nominal § in. (203 mm) by 8 in. (203 mm) by 12 ft high
(3.66 m) column with one No. 4 reinforcing bar in the
center and f°, of 1350 psi (9.31 MPa). An axial load of
2,000 pounds (8,900 N) at the edge of the member will
result in a moment that is approximately equal to the
nominal flexural strength of this member.

1.15 — Details of reinforcement and metal accessories

When the provisions of this section were originally
developed in the late 1980s, the Committee used the then
current ACI 318 Code'”” as a guide. Some of the
requirements were simplified and others dropped,
depending on their suitability for application to masonry.

1.15.1 Embedment
No Commentary.

1.15.2 Size of reinforcement
1.15.2.1 Limits on size of reinforcement are
based on accepted practice and successful performance in
construction. The No. 11 (M#36) limit is arbitrary, but
Reference 2.46 shows that distributed small bars provide
better performance than fewer large bars. Properties of
reinforcement are given in Table CC-1.15.2.
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1.15.2.2 Adequate flow of grout necessary for
good bond is achieved with this limitation. It also limits the
size of reinforcement when combined with Section 1.19.1.

1.15.2.3 The function of joint reinforcement is to
control the size and spacing of cracks caused by volume
changes in masonry as well as to resist tension.'** Joint
reinforcement is commonly used in concrete masonry to
minimize shrinkage cracking. The restriction on wire size
ensures adequate performance. The maximum wire size of
one-half the joint thickness allows free flow of mortar
around joint reinforcement. Thus, a */j¢-in. (4.8-mm)
diameter wire can be placed in a */g-in. (9.5-mm) joint.

1.15.3 Placement of reinforcement

Placement limits for reinforcement are based on successful
construction practice over many years. The limits are intended
to facilitate the flow of grout between bars. A minimum
spacing between bars in a layer prevents longitudinal splitting
of the masonry in the plane of the bars. Use of bundled bars in
masonry construction is rarely required. Two bars per bundle is
considered a practical maximum. It is important that bars be
placed accurately. Reinforcing bar positioners are available to
control bar position.

1.15.4 Protection of reinforcement and metal accessories

1.15.4.1 Reinforcing bars are traditionally not
coated for corrosion resistance. The masonry cover retards
corrosion of the steel. Cover is measured from the exterior
masonry surface to the outer-most surface of the
reinforcement to which the cover requirement applies. It is
measured to the outer edge of stirrups or ties, if transverse
reinforcement encloses main bars. Masonry cover includes
the thickness of masonry units, mortar, and grout. At bed
joints, the protection for reinforcement is the total

thickness of mortar and grout from the exterior of the
mortar joint surface to outer-most surface of the steel.

The condition “masonry face exposed to earth or
weather” refers to direct exposure to moisture changes
(alternate wetting and drying) and not just temperature
changes.

1.15.4.2 Since masonry cover protection for joint
reinforcement is minimal, the protection of joint
reinforcement in masonry is required in accordance with
the Specification. Examples of interior walls exposed to a
mean relative humidity exceeding 75 percent are natatoria
and food processing plants.

1.15.4.3 Corrosion resistance requirements are
included since masonry cover varies considerably for these
items. The exception for anchor bolts is based on current
industry practice.

1.15.5 Standard hooks
Standard hooks are shown in Figure CC-1.15-1.

1.15.6 Minimum bend diameter for reinforcing bars

Standard bends in reinforcing bars are described in
terms of the inside diameter of bend since this is easier to
measure than the radius of bend.

A broad survey of bending practices, a study of
ASTM bend test requirements, and a pilot study of and
experience with bending Grade 60 (413.7 MPa) bars were
considered in establishing the minimum diameter of bend.
The primary consideration was feasibility of bending
without breakage. Experience has since established that
these minimum bend diameters are satisfactory for general
use without detrimental crushing of grout.

Table CC-1.15.2 — Physical properties of steel reinforcing wire and bars

Designation Diameter, in. Area, in.” Perimeter, in.
(mm) (mm2) (mm)

Wire
W1.1 (11 gage) MW7) 0.121 (3.1) 0.011 (7.1) 0.380 (9.7)
W1.7 (9 gage) MW11) 0.148 (3.8) 0.017 (11.0) 0.465 (11.8)
W2.1 (8 gage) (MW13) 0.162 (4.1) 0.020 (12.9) 0.509 (12.9)
W2.8 (3/16 wire) 0.187 (4.8) 0.027 (17.4) 0.587 (14.9)

(MW18) 0.250 (6.4) 0.049 (31.6) 0.785 (19.9)
W4.9 (‘/, wire) (MW32)

Bars
No. 3 (M#10) 0.375 (9.5) 0.11 (71.0) 1.178 (29.9)
No. 4 (M#13) 0.500 (12.7) 0.20 (129) 1.571 (39.9)
No. 5 (M#16) 0.625 (15.9) 0.31 (200) 1.963 (49.9)
No. 6 (M#19) 0.750 (19.1) 0.44 (284) 2.356 (59.8)
No. 7 (M#22) 0.875 (22.2) 0.60 (387) 2.749 (69.8)
No. 8 (M#25) 1.000 (25.4) 0.79 (510) 3.142 (79.8)
No. 9 (M#29) 1.128 (28.7) 1.00 (645) 3.544 (90.0)
No. 10 (M#32) 1.270 (32.3) 1.27 (819) 3.990 (101)
No. 11 (M#36) 1.410 (35.8) 1.56 (1006) 4430 (113)
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4 d, but not less
,/_ than 2 %in. (63.5 mm)
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(b) 90 degree Bend
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(c) Stirrup and Tie Anchorage with 90 degree or 135 degree Bend

Figure CC-1.15-1 — Standard hooks
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1.16 — Anchor bolts

These design values apply only to the specific types of
bolts mentioned. These bolts are readily available and are
depicted in Figure CC-1.16-1.

1.16.1 Placement

Most tests on anchor bolts in masonry have been
performed on anchor bolts embedded in grout. Placement
limits for anchor bolts are based on successful construction
practice over many years. The limits are intended to
facilitate the flow of grout between bolts and between
bolts and the masonry unit.

1.16.2 Projected area for axial tension

Results of tests'”" '** on headed anchor bolts in
tension showed that anchor bolts often failed by breakout
of a conically shaped section of masonry. The area A4, is
the projected area of the assumed failure cone. The cone
originates at the compression bearing point of the
embedment and radiates at 45° in the direction of the pull
(See Figure CC-1.16-2). Other modes of tensile failure are
possible. These modes include pullout (straightening of J-
or L-bolts) and yield / fracture of the anchor steel.

When anchor bolts are closely spaced, stresses within
the masonry begin to become additive, as shown in Figure
CC-1.16-3. The Code requires that when projected areas
of anchor bolts overlap, an adjustment be made so that the
masonry is not overloaded. When the projected areas of
two or more anchors overlap, the anchors with overlapping
projected areas should be treated as an anchor group. The
projected areas of the anchors in the group are summed,
this area is adjusted for overlapping areas, and the capacity
of the anchor group is calculated using the adjusted area in
place of 4,. See Figure CC-1.16-4 for examples of
calculating adjusted values of 4,,.

Hex Head

am

Square Head 6

(a) Headed Anchor Bolts
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1.16.3 Projected area for shear

Results of tests'"'** on anchor bolts in shear showed
that anchor bolts often failed by breakout of a conically
shaped section of masonry. The area A4, is the projected area
of the assumed failure cone. The cone originates at the
compression bearing point of the embedment and radiates at
45° in the direction of the pull towards the free edge of the
masonry (See Figure CC-1.16-5). Pryout (See Figure
CC-1.16-6), masonry crushing, and yielding / fracture of the
anchor steel are other possible failure modes.

When the projected areas of two or more anchors
overlap, the shear design of these anchors should follow
the same procedure as for the tension design of
overlapping anchors. See Commentary Section 1.16.2.

1.16.4 Effective embedment length for headed anchor
bolts
No commentary.

1.16.5 Effective embedment length for bent-bar
anchor bolts

Tests'?' have shown that the pullout strength of bent-
bar anchor bolts correlated best with a reduced embedment
length. This may be explained with reference to Figure CC-
1.16-7. Due to the radius of the bend, stresses are
concentrated at a point less than the full embedment length.

1.16.6 Minimum permissible effective embedment
length

The minimum embedment length requirement is
considered a practical minimum based on typical
construction methods for embedding anchor bolts in
masonry. The validity of Code equations for shear and
tension capacities of anchor bolts have not been verified
by testing of anchor bolts with embedment lengths less
than four bolt diameters.

1.16.7 Anchor bolt edge distance
No commentary.

“L” Bolts

“J” Bolts

(b) Bent-Bar Anchor Bolts
Figure CC-1.16-1 — Anchor bolts
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1 P (failure)

t P (failure)
Assumed Cone for
Calculation of A,

Equation 1-2
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Figure CC-1.16-2 — Anchor bolt tensile breakout cone
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Figure CC-1.16-3 — Overlapping anchor bolt breakout cones
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Ayt at Top of Wall for Uplift
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Figure CC-1.16-4 Calculation of Adjusted Values of A,,
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45°

Figure CC-1.16-5- Anchor bolt shear breakout

Figure CC-1.16-6 - Anchor bolt shear pryout
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Figure CC-1.16-7 — Stress distribution on bent anchor bars
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1.17 — Seismic design requirements

1.17.1 Scope

The requirements in this section have been devised to
improve performance of masonry construction when
subjected to earthquake loads. Minimum seismic loading
requirements are drawn from the legally adopted building
code. In the event that the legally adopted building code
does not contain appropriate criteria for the determination
of seismic forces, the Code requires the use of ASCE 7,
which represented the state-of-the-art in seismic design at
the time these requirements were developed. Obviously,
the seismic design provisions of this section may not be
compatible with every edition of every building code that
could be used in conjunction with these requirements. As
with other aspects of structural design, the designer should
understand the implications and limits of combining the
minimum loading requirements of other documents with
the resistance provisions of this Code. The designer should
be aware that the use of “strength” level loads should not
be used in conjunction with allowable stress design
procedures as overly conservative design can result.
Similarly, the use of “allowable stress” level loads in
conjunction with strength design procedures could result
in unconservative designs.

Seismic design is not optional, regardless of the
assigned Seismic Design Category, the absolute value of
the seismic design loads, or relative difference between the
seismic loads and other lateral forces such as wind. Unlike
other design loads, seismic design of reinforced masonry
elements permits inelastic response of the system, which in
turn reduces the seismic design load. This reduction in
load presumes an inherent level of inelastic ductility that
may not otherwise be present if seismic design was
neglected. When nonlinear response is assumed by
reducing the seismic loading by an R factor greater than
1.5, the resulting seismic design load may be less than
other loading conditions that assume a linear elastic model
of the system. This is often misinterpreted by some to
mean that the seismic loads do not ‘control’ the design and
can be neglected. For the masonry system to be capable of
achieving the ductility-related lower seismic loads,
however, the minimum seismic design and detailing
requirements of this section must be met.

The seismic design requirements are presented in a
cumulative format. Thus, the provisions for Seismic
Design Categories E and F include provisions for Seismic
Design Category D, which include provisions for Seismic
Design Category C, and so on.

This section does not apply to the design or detailing
of masonry veneers or glass unit masonry systems.
Seismic requirements for masonry veneers are provided in
Chapter 6, Veneers. Glass unit masonry systems, by
definition and design, are isolated, nonloadbearing
elements and therefore cannot be used to resist seismic
loads other than those induced by their own mass.
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1.17.2 General analysis

The designer is permitted to use any of the structural
design methods presented in this Code to design to resist
seismic loads. There are, however, limitations on some of
the design methods and systems based upon the structure’s
assigned Seismic Design Category. For instance, empirical
design procedures are not permitted to be used in structures
assigned to Seismic Design Categories D, E, or F. Further,
empirically designed masonry elements can only be used as
part of the seismic force-resisting system in Seismic Design
Category A.

1.17.2.1 Element interaction — Even if a
nonstructural element is not part of the seismic force-resisting
system, it is possible for it to influence the structural response
of the system during a seismic event. This may be
particularly apparent due to the interaction of structural and
nonstructural elements at displacements larger than those
determined by linear elastic analysis.

1.17.2.2 Load path — This section clarifies load
path requirements and alerts the designer that the base of the
structure as defined in analysis may not necessarily
correspond to the ground level.

1.17.2.3 Anchorage design — Previous editions of
the Code contained minimum anchorage and connection
design forces based upon antiquated service-level earthquake
loads and velocity-related acceleration parameters. As these
are minimum design loads, their values should be determined
using load standards.

Experience has demonstrated that one of the chief causes
of failure of masonry construction during earthquakes is
inadequate anchorage of masonry walls to floors and roofs.
For this reason, an arbitrary minimum anchorage based upon
previously established practice has been set as noted in the
referenced documents. When anchorage is between masonry
walls and wood framed floors or roofs, the designer should
avoid the use of wood ledgers in cross-grain bending.

1.17.2.4 Drift limits — Excessive deformation,
particularly resulting from inelastic displacements, can
potentially result in instability of the seismic force-resisting
system. This section provides procedures for the limitation of
story drift. The term “drift” has two connotations:

1. “Story drift” is the maximum -calculated lateral
displacement within a story (the calculated
displacement of one level relative to the level below
caused by the effects of design seismic loads).

2. The calculated lateral displacement or deflection
due to design seismic loads is the absolute
displacement of any point in the structure relative
to the base. This is not "story drift" and is not to
be used for drift control or stability considerations
since it may give a false impression of the effects
in critical stories. However, it is important when
considering seismic separation requirements.
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Overall or total drift is the lateral displacement of the
top of a building relative to the base. The overall drift ratio
is the total drift divided by the building height. Story drift
is the lateral displacement of one story relative to an
adjacent story. The story drift ratio is the story drift
divided by the corresponding story height. The overall
drift ratio is usually an indication of moments in a
structure and is also related to seismic separation demands.
The story drift ratio is an indication of local seismic
deformation, which relates to seismic separation demands
within a story. The maximum story drift ratio could exceed
the overall drift ratio.

There are many reasons for controlling drift in seismic
design:

(a) To control the inelastic strain within the affected
elements. Although the relationship between
lateral drift and maximum nonlinear strain is
imprecise, so is the current state of knowledge of
what strain limitations should be.

(b) Under small lateral deformations, secondary
stresses are normally within tolerable limits.
However, larger deformations with heavy vertical
loads can lead to significant secondary moments
from P-delta effects in the design. The drift limits
indirectly provide upper bounds for these effects.

(c) Buildings subjected to earthquakes need drift
control to restrict damage to partitions, shaft and
stair enclosures, glass, and other fragile
nonstructural elements and, more importantly, to
minimize differential movement demands on the
seismic-force-resisting elements.

The designer must keep in mind that the allowable
drift limits, 4,, correspond to story drifts and, therefore,
are applicable to each story. They must not be exceeded in
any story even though the drift in other stories may be well
below the limit.

Although the provisions of this Code do not give
equations for computing building separations, the distance
should be sufficient to avoid damaging contact under total
calculated deflection for the design loading in order to
avoid interference and possible destructive hammering
between buildings. The distance should be equal to the
total of the lateral deflections of the two units assumed
deflecting toward each other (this involves increasing the
separation with height). If the effects of hammering can be
shown not to be detrimental, these distances may be
reduced. For very rigid shear wall structures with rigid
diaphragms whose lateral deflections are difficult to
estimate, older code requirements for structural separations
of at least 1 in. (25.4 mm) plus % in. (12.7 mm) for each
10 ft (3.1 m) of height above 20 ft (6.1 m) could be used
as a guide.

MANUAL OF CONCRETE PRACTICE

Empirical, ordinary plain (unreinforced), detailed plain
(unreinforced), ordinary reinforced, intermediate reinforced,
ordinary plain (unreinforced) AAC, and detailed plain
(unreinforced) AAC masonry shear walls are inherently
designed to have relatively low inelastic deformations under
seismic loads. As such, the Committee felt that requiring
designers to check story drifts for these systems of low and
moderate ductility was superfluous.

1.17.3 Element classification

Classifying masonry elements as either participating or
nonparticipating in the seismic force-resisting system is
largely a function of design intent. Participating elements are
those that are designed and detailed to actively resist seismic
forces, including such elements as shear walls, columns,
piers, pilasters, beams, and coupling elements.
Nonparticipating elements can be any masonry assembly, but
are not designed to collect and resist earthquake loads from
other portions of the structure.

1.17.3.1 Nonparticipating elements — In previous
editions of the Code, isolation of elements that were not part of
the seismic force-resisting system was not required in Seismic
Design Categories A and B, rationalized, in part, due to the low
hazard associated with these Seismic Design Categories. Non-
isolated, nonparticipating elements, however, can influence a
structure’s strength and stiffness, and as a result the distribution
of lateral loads. In considering the influence nonparticipating
elements can inadvertently have on the performance of a
structural system, the Committee opted to require that all
nonparticipating elements be isolated from the seismic force-
resisting system. The Committee is continuing to discuss
alternative design options that would allow non-isolated,
nonparticipating elements with corresponding checks for
strength, stiffness, and compatibility.

1.17.3.2 Participating elements — A seismic force-
resisting system must be defined for every structure. Most
masonry buildings use masonry shear walls to serve as the
seismic force-resisting system, although other systems are
sometimes used (such as concrete or steel frames with masonry
infill). Such shear walls must be designed by the engineered
methods in Chapter 2, 3, or 4 or Appendix A, unless the
structure is assigned to Seismic Design Category A, in which
case empirical provisions of Chapter 5 may be used.

Twelve shear wall types are defined by the Code.
Depending upon the masonry material and detailing method used
to design the shear wall, each wall type is intended to have a
different capacity for inelastic response and energy dissipation in
the event of a seismic event. These twelve shear wall types are
assigned system design parameters such as response modification
factors, R, based on their expected performance and ductility.
Certain shear wall types are permitted in each seismic design
category, and unreinforced shear wall types are not permitted in
regions of intermediate and high seismic risk. Table CC-1.17.3.2
summarizes the requirements of each of the twelve types of
masonry shear walls.
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TABLE CC-1.17.3.2 Requirements for Masonry Shear Walls Based on Shear Wall Designation

Shear wall Designation Design Methods Relnf?rcement Permitted In
Requirements
Empirical Design of Masonry .
Shear Walls Section 5.3 None SDC A
Ordinary Plain (Unreinforced) Section 2.2 or
Masonry Shear Walls Section 3.2 None SDC A and B
Detailed Plain (Unreinforced) Section 2.2 or .
Masonry Shear Walls Section 3.2 Section 1.17.3.2.3.1 SDC A and B
Ordinary Reinforced Masonry Section 2.3 or .
Shear Walls Section 3.3 Section 1.17.3.2.3.1 SDC A, B, and C
Intermediate Reinforced Section 2.3 or .
Mgy Slenr el Section 3.3 Section 1.17.3.2.5 SDC A, B, and C
Special Reinforced Masonry Section 2.3 or .
Shear Walls Section 3.3 Section 1.17.3.2.6 SDC A,B,C,D, E, and F
Ordinary Plain (Unreinforced) . .
AAC Masonry Shear Walls Section A.2 Section 1.17.3.2.7.1 SDC A and B
Detailed Plain (Unreinforced) . .
AAC Masonry Shear Walls Section A.2 Section 1.17.3.2.8.1 SDC A and B
Ordinary Reinforced AAC Section A.3 Section 1.17.3.2.9 SDC A, B,C, D, E, and F
Masonry Shear Walls
Ordinary Plain (Unreinforced)
Prestressed Masonry Shear Chapter 4 None SDC A and B
Walls
Intermediate Reinforced
Prestressed Masonry Shear Chapter 4 Section 1.17.3.2.11 SDC A, B, and C
Walls
Siza0E | e ierest] L TR s Chapter 4 Section 1.17.3.2.12 SDC A, B, C, D, E, and F
Masonry Shear Walls

1.17.3.2.1 Empirical design of masonry shear
walls — These shear walls are permitted to be used only in
Seismic Design Category A. Empirical masonry shear walls
are not designed or required to contain reinforcement.

1.17.3.2.2 Ordinary plain (unreinforced)
masonry shear walls — These shear walls are permitted to
be used only in Seismic Design Categories A and B. Plain
masonry walls are designed as unreinforced masonry,
although they may in fact contain reinforcement.

1.17.3.2.3 Detailed plain  (unreinforced)
masonry shear walls — These shear walls are designed as
plain (unreinforced)) masonry in accordance with the
sections noted, but contain minimum reinforcement in the
horizontal and vertical directions. Walls that are designed
as unreinforced, but that contain minimum prescriptive
reinforcement, have more favorable seismic design
parameters, including higher response modification
coefficients, R, than ordinary plain (unreinforced) masonry
shear walls.

1.17.3.2.3.1 Minimum  reinforcement
requirements — The provisions of this section require a
judgment-based minimum amount of reinforcement to be

included in reinforced masonry wall construction. Tests
reported in Reference 1.29 have confirmed that masonry
construction, reinforced as indicated, performs adequately
considering the highest Seismic Design Category permitted
for this shear wall type. This minimum required
reinforcement may also be used to resist design loads.

1.17.3.2.4 Ordinary reinforced masonry
shear walls — These shear walls are required to meet
minimum requirements for reinforced masonry as noted in
the referenced sections. Because they contain
reinforcement, these walls can generally accommodate
larger deformations and exhibit higher capacities than
similarly configured plain (unreinforced) masonry walls.
Hence, they are permitted in both areas of low and
moderate seismic risk. Additionally, these walls have more
favorable seismic design parameters, including higher
response modification factors, R, than plain (unreinforced)
masonry shear walls. To provide the minimum level of
assumed inelastic  ductility, however, minimum
reinforcement is required as noted in Section 1.17.3.2.3.1.
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1.17.3.2.5 Intermediate reinforced masonry
shear walls — These shear walls are designed as
reinforced masonry as noted in the referenced sections,
and are also required to contain a minimum amount of
prescriptive  reinforcement. Because they contain
reinforcement, their seismic performance is better than that
of plain (unreinforced) masonry shear walls, and they are
accordingly permitted in both areas of low and moderate
seismic risk. Additionally, these walls have more favorable
seismic design parameters including higher response
modification factors, R, than plain (unreinforced) masonry
shear walls and ordinary reinforced masonry shear walls.

1.17.3.2.6 Special reinforced  masonry
shear walls — These shear walls are designed as
reinforced masonry as noted in the referenced sections and
are also required to meet restrictive reinforcement and
material requirements. Accordingly, they are permitted to
be used as part of the seismic force-resisting system in any
Seismic Design Category. Additionally, these walls have
the most favorable seismic design parameters, including
the highest response modification factor, R, of any of the
masonry shear wall types. The intent of Sections
1.17.3.2.6(a) through 1.17.3.2.6(¢) is to provide a
minimum level of in-plane shear reinforcement to improve
ductility.

1.17.3.2.6.1 Shear capacity design —
While different concepts and applications, the
requirements of Code Section 1.17.3.2.6.1.1 and
1.17.3.2.6.1.2 are different methods of attempting to limit
shear failures prior to nonlinear flexural behavior — or if
one prefers — increase element ductility. The MSJC
recognizes the slight discrepancy between the 2.5 design
cap in Code Section 1.17.3.2.6.1.1 and the 1.5 load factor
in Code Section 1.17.3.2.6.1.2, which amount to an
approximate 7 percent difference when load factors and
safety factors between the allowable stress and strength
design methods are considered. Given the historical
precedence of each of these values, and the resulting small
difference that currently exist between the two, the
Committee opted to maintain the two distinct values.

1.17.3.2.6.1.1 In previous editions
of the Code, this design requirement was applied to all
masonry elements designed by the strength design method
(elements participating in the seismic force-resisting
system as well as those not participating in the seismic
force-resisting system, reinforced masonry elements, and
unreinforced masonry elements) as well as all loading
conditions. Upon further review, this design check was
considered by the Committee to be related to inelastic
ductility demand for seismic resistance and was therefore
specifically applied to the seismic design requirements.
Further, because unreinforced masonry systems by nature
exhibit limited ductility, this check is required only for
special reinforced masonry shear walls.
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1.17.3.2.6.1.2 The 1.5 load factor
for reinforced masonry elements that are part of the
seismic force-resisting system designed by allowable stress
design procedures is applied only to in-plane shear forces.
It is not intended to be used for the design of in-plane
overturning moments or out-of-plane overturning moments
or shear. Increasing the design seismic load is intended to
make the flexure mode of failure more dominant, resulting
in better ductile performance.

1.17.3.2.7  Ordinary plain (unreinforced) AAC
masonry shear walls — These shear walls are philosophically
similar in concept to ordinary plain (unreinforced) masonry
shear walls. As such, prescriptive mild reinforcement is not
required, but may actually be present.

1.17.3.2.8  Detailed plain (unreinforced) AAC
masonry shear walls — Prescriptive seismic requirements for
AAC masonry shear walls are less severe than for conventional
masonry shear walls, and are counterbalanced by more
restrictive Code requirements for bond beams and additional
requirements for floor diaphragms, contained in evaluation
service reports and other documents dealing with floor
diaphragms of various materials. AAC masonry shear walls
and a full-scale, two-story assemblage specimen with
prescriptive reinforcement meeting the requirements of this
section have performed satisfactorily under reversed cyclic
loads representing seismic excitation (References A.3 and A.1).
The maximum distance from the edge of an opening or end of
a wall to the vertical reinforcement is set at 24 in. (610 mm)
since the typical length of an AAC unit is 24 in. (610 mm).

1.17.3.2.9 Ordinary  reinforced  AAC
masonry shear walls — No Commentary.
1.17.3.2.10 Ordinary plain  (unreinforced)

prestressed masonry shear walls — These shear walls are
philosophically similar in concept to ordinary plain
(unreinforced) masonry shear walls. As such, prescriptive mild
reinforcement is not required, but may actually be present.

1.17.3.2.11 Intermediate reinforced
prestressed masonry shear walls — These shear walls are
philosophically similar in concept to intermediate reinforced
masonry shear walls. To provide the intended level of
inelastic ductility, prescriptive mild reinforcement is required.

1.17.3.2.12 Special reinforced prestressed
masonry shear walls — These shear walls are philosophically
similar in concept to special reinforced masonry shear walls.
To provide the intended level of inelastic ductility,
prescriptive mild reinforcement is required.
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1.17.4 Seismic Design Category requirements

Every structure is assigned to a Seismic Design
Category (SDC) in accordance with the legally adopted
building code or per the requirements of ASCE 7,
whichever govern for the specific project under
consideration. Previous editions of the Code included
requirements for Seismic Performance Categories and
Seismic Zones, each of which is different that a Seismic
Design Category.

1.17.4.1 Seismic Design Category A
requirements — The general requirements of this Code
provide for adequate performance of masonry construction
assigned to Seismic Design Category A structures.

1.17.4.2 Seismic Design Category B
requirements — Although masonry may be designed by the
provisions of Chapter 2, Allowable Stress Design of
Masonry; Chapter 3, Strength Design of Masonry; Chapter
4, Prestressed Masonry; Chapter 5, Empirical Design of
Masonry; or Appendix A, Strength Design of Autoclave
Aerated Concrete (AAC) Masonry, the seismic force-
resisting system for structures assigned to Seismic Design
Category B must be designed based on a structural
analysis in accordance with Chapter 2, 3, or 4 or Appendix
A. The provisions of Chapter 5 cannot be used to design
the seismic force-resisting system of buildings assigned to
Seismic Design Category B or higher.

1.17.4.3 Seismic Design Category C
requirements — In addition to the requirements of Seismic
Design Category B, minimum levels of reinforcement and
detailing are required. The minimum provisions for
improved performance of masonry construction in Seismic
Design Category C must be met regardless of the method of
design. Shear walls designed as part of the seismic force-
resisting system in Seismic Design Category C and higher
must be designed using reinforced masonry methods
because of the increased risk and expected intensity of
seismic activity. Ordinary reinforced masonry shear walls,
ordinary reinforced AAC masonry shear walls, intermediate
reinforced masonry shear walls, or special reinforced
masonry shear walls are required to be used

1.17.43.1 Design of nonparticipating
elements — No Commentary.
1.17.4.3.2  Design of participating elements

1.17.43.2.1 Connections to masonry
columns — Experience has demonstrated that connections of
structural members to masonry columns are vulnerable to
damage during earthquakes unless properly anchored.
Requirements are adapted from previously established practice
developed as a result of the 1971 San Fernando earthquake.

1.17.4.3.2.2 Anchorage of floor and
roof diaphragms in AAC masonry structures — In Seismic
Design Categories C and D additional connectors are
required, with the intention of ensuring ductile behavior.
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1.17.4.3.2.3 Material requirements —
The limitation on the use of ASTM C34 structural clay tile
units in the seismic force-resisting system is based on
these units’ limited ability to provide inelastic strength.

1.17.4.3.2.4 Lateral stiffness — In order
to accurately distribute loads in a structure subjected to
lateral loading, the lateral stiffness of all structural
members should be considered. Although structures may
be designed to use shear walls for lateral-load resistance,
columns may also be incorporated for vertical capacity.
The stipulation that lateral load resisting elements provide
at least 80 percent of the lateral stiffness helps ensure that
additional elements do not significantly contribute to the
lateral stiffness. Based on typical design assumptions, the
lateral stiffness of structural elements should be based on
cracked section properties for reinforced masonry and
uncracked section properties for unreinforced masonry.

The designer may opt to increase the percentage of
lateral stiffness provided by piers and columns if the
structure is designed to perform elastically under seismic
loads.

1.17.4.3.2.5 Design of  columns,
pilasters, and beams supporting discontinuous elements
Discontinuous stiff members such as shear walls have
global overturning forces at their edges that may be
supported by columns, pilasters and beams. These vertical
support elements are required to have a minimum level of
confinement and shear detailing at the discontinuity level.
The minimum detailing requirements in this section may
be in excess of those requirements that are based on
calculations using full-height relative stiffnesses of the
elements of the seismic-force resisting system.

A common example is a building with internal shear
walls, such as interior corridor walls, that are
discontinuous at the first story above grade or in a
basement level. If this structure has a rigid diaphragm at
all floor and roof levels; the global (full height) relative
stiffnesses of the discontinuous elements is minor in
comparison to the relative stiffnesses of the continuous
elements at the perimeter of the structure. All shear walls
above the discontinuity, however, have a forced common
interstory  displacement.  This  forced interstory
displacement induces overturning forces in the
discontinuous shear walls at all levels having this forced
story displacement. The accumulated overturning forces at
the ends of the walls above the discontinuity in turn are
likely to be supported by columns and pilasters in the
discontinuous levels and the beams at the level above the
discontinuity. This section specifies minimum detailing
requirements for these columns, pilasters, and beams.

The determining of the stiffness of the discontinuous
element should be based on the relative stiffness of the
discontinuous members above and below the discontinuity.
Guidance as to the definition of stiff can be based on the
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relative interstory stiffness of the discontinuous member
above and below the discontinuity is given in Code
Sections 1.17.4.3.2.5, 3.1.3, and A.1.3. If the interstory
stiffness of the discontinuous wall below the discontinuity
is less than 20% of the interstory stiffness above the
discontinuity; the discontinuous member should be
considered stiff.

1.17.4.4 Seismic Design Category D
requirements — Masonry shear walls for structures
assigned to Seismic Design Category D are required to
meet the requirements of special reinforced masonry shear
walls or ordinary reinforced AAC masonry shear walls
because of the increased risk and expected intensity of
seismic activity. The minimum amount of wall
reinforcement for special reinforced masonry shear walls
has been a long-standing, standard empirical requirement
in areas of high seismic loading. It is expressed as a
percentage of gross cross-sectional area of the wall. It is
intended to improve the ductile behavior of the wall under
earthquake loading and assist in crack control. Since the
minimum required reinforcement may be used to satisfy
design requirements, at least '/; of the minimum amount is
reserved for the lesser stressed direction in order to ensure
an appropriate distribution of loads in both directions.

1.17.4.4.1 Minimum reinforcement requirements
for nonparticipating elements — No Commentary.

1.17.4.4.2 Design of participating elements

1.17.4.4.2.1 Minimum reinforcement for
masonry columns — Adequate lateral restraint is important
for column reinforcement subjected to overturning forces
due to earthquakes. Many column failures during
earthquakes have been attributed to inadequate lateral
tying. For this reason, closer spacing of ties than might
otherwise be required is prudent. An arbitrary minimum
spacing has been established through experience. Columns
not involved in the lateral force-resisting system should also
be more heavily tied at the tops and bottoms for more ductile
performance and better resistance to shear.

1.17.4.4.2.2 and 1.174.4.23 — No
Commentary.

1.17.4.5 Seismic Design Categories E and F
requirements — See Commentary Sections 1.17.3.2.3.1
and 1.17.4.4. The ratio of minimum horizontal
reinforcement is increased to reflect the possibility of
higher seismic loads. Where solidly grouted open end
hollow units are used, part of the need for horizontal
reinforcement is satisfied by the mechanical continuity
provided by the grout core.
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1.18 — Quality Assurance program

The allowable values for masonry design permitted by
this Code are valid when the quality of masonry
construction meets or exceeds that described in the
Specification. Therefore, in order to design masonry by
this Code, verification of good quality construction is
required. The means by which the quality of construction
is monitored is the quality assurance program.

A quality assurance program must be defined in the
contract documents, to answer questions such as “how to”,
“what method”, “how often”, and “who determines
acceptance”. This information is part of the administrative
and procedural requirements. Typical requirements of a
quality assurance program include review of material
certifications, field inspection, and testing. The acts of
providing submittals, inspecting, and testing are part of the
quality assurance program.

Since the design and the complexity of masonry
construction varies from project to project, so must the
extent of the quality assurance program. The contract
documents must indicate the testing, inspection, and other
measures that are required to assure that the Work is in
conformance with the project requirements.

Section 1.18 establishes the minimum criteria required
to assure that the quality of masonry construction
conforms to the quality upon which the Code-permissible
values are based. The scope of the quality assurance
program depends on whether the structure is an essential
facility or not, as defined by ASCE 7 or the legally
adopted building code. Because of their importance,
essential facilities are subjected to more extensive quality
assurance measures.

The level of required quality assurance depends on
whether the masonry was designed in accordance with
Chapters 2, 3, or 4 or Appendix A (engineered) or in
accordance with Chapters 5, 6, or 7 (empirical or
prescriptive).

1.18.1 Level A Quality Assurance
No Commentary.

1.18.2 Level B Quality Assurance
No Commentary.

1.18.3 Level C Quality Assurance

Premixed mortars and grouts are delivered to the
project as “trowel ready” or “pourable” materials,
respectively. Preblended mortars and grouts are dry
combined materials that are mixed with water at the site.
Verification of proportions of premixed or preblended
mortars and grouts can be accomplished by review of
manufacture’s batch tickets (if applicable), a combination
of preconstruction and construction testing, or other
acceptable documentation.
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1.18.4 Procedures

In addition to specifying testing and inspection
requirements, the quality assurance program must define
the procedures for submitting the testing and inspection
reports (that is, how many copies and to whom) and define
the process by which those reports are to be reviewed.

Testing and evaluation should be addressed in the
quality assurance program. The program should allow for
the selection and approval of a testing agency, which
agency should be provided with prequalification test
information and the rights for sampling and testing of
specific masonry construction materials in accordance with
referenced standards. The evaluation of test results by the
testing agency should indicate compliance or
noncompliance with a referenced standard.

Further quality assurance evaluation should allow an
appraisal of the testing program and the handling of
nonconformance. Acceptable values for all test methods
should be given in the contract documents.

Identification and resolution of noncomplying
conditions should be addressed in the contract documents.
A responsible person should be identified to allow
resolution of nonconformances. In agreement with others
in the design/construct team, the resolutions should be
repaired, reworked, accepted as is, or rejected. Repaired
and reworked conditions should initiate a reinspection.

Records control should be addressed in the contract
documents. The distribution of documents during and after
construction should be delineated. The review of documents
should persist throughout the construction period so that that
each party is informed and that records for documenting
construction occurrences are available and correct after
construction has been completed.

1.18.5 Qualifications

The entities verifying compliance must be competent
and knowledgeable of masonry construction and the
requirements of this Code. Therefore, minimum
qualifications for those individuals must also be
established by the quality assurance program in the
contract documents.

The responsible party performing the quality control
measures  should document the  organizational
representatives who will be a part of the quality control
segment, their qualifications, and their precise conduct
during the performance of the quality assurance phase.

Laboratories that comply with the requirements of
ASTM C1093'** are more likely to be familiar with
masonry materials and testing. Specifying that the testing
agencies comply with the requirements of ASTM C1093
should improve the quality of the resulting masonry.

1.18.6 Acceptance relative to strength requirements
Fundamental to the structural adequacy of masonry
construction is the necessity that the compressive strength of
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masonry equals or exceeds the specified strength. Rather than
mandating design based on different values of f/, for each
wythe of a multiwythe wall construction made of differing
material, this Code requires the strength of each wythe and of
grouted collar joints to equal or exceed f /, for the portion of
the structure considered. If a multiwythe wall is designed as a
composite wall, the compressive strength of each wythe or
grouted collar joint should equal or exceed f /,.

1.19 — Construction

The TMS 602/ACI 530.1/ASCE 6 Specification
covers material and construction requirements. It is an
integral part of the Code in terms of minimum
requirements relative to the composition, quality, storage,
handling, and placement of materials for masonry
structures. The Specification also includes provisions
requiring verification that construction achieves the quality
specified. The construction must conform to these
requirements in order for the Code provisions to be valid.

1.19.1 Grouting, minimum spaces

Code Table 1.19.1 contains the least clear dimension
for grouting between wythes and the minimum cell
dimensions when grouting hollow units. Selection of units
and bonding pattern should be coordinated to achieve
these requirements. Vertical alignment of cells must also
be considered. Projections or obstructions into the grout
space and the diameter of horizontal reinforcement must
be considered when calculating the minimum dimensions.
See Figure CC-1.19-1.

Coarse grout and fine grout are differentiated by
aggregate size in ASTM C476.

The grout space requirements of Code Table 1.19.1
are based on usual grout aggregate size and cleaning
practice to permit the complete filling of grout spaces and
adequate consolidation wusing typical methods of
construction. Grout spaces smaller than specified in Table
1.19.1 have been used successfully in some areas. When
the designer is requested to accept a grouting procedure
that exceeds the limits in Table 1.19.1, construction of a
grout demonstration panel is required. Destructive or non-
destructive evaluation can confirm that filling and
adequate consolidation have been achieved. The designer
should establish criteria for the grout demonstration panel
to assure that critical masonry elements included in the
construction will be represented in the demonstration
panel. Because a single grout demonstration panel erected
prior to masonry construction cannot account for all
conditions that may be encountered during construction,
the designer should establish inspection procedures to
verify grout placement during construction. These
inspection procedures should include destructive or non-
destructive evaluation to confirm that filling and adequate
consolidation have been achieved.
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Figure CC-1.19-1 — Grout space requirements

1.19.2 Embedded conduits, pipes, and sleeves
1.19.2.1 Conduits, pipes, and sleeves not harmful
to mortar and grout may be embedded within the masonry,
but the masonry member strength should not be less than
that required by design. Effects of reduction in section
properties in the areas of conduit, pipe, or sleeve
embedment should be considered.

For the integrity of the structure, conduit and pipe
fittings within the masonry should be carefully positioned
and assembled. The coupling size should be considered
when determining sleeve size.

Aluminum should not be used in masonry unless it is
effectively coated or covered. Aluminum reacts with ions,
and may also react electrolytically with steel, causing
cracking and/or spalling of the masonry. Aluminum
electrical conduits present a special problem since stray
electric current accelerates the adverse reaction.

Pipes and conduits placed in masonry, whether
surrounded by mortar or grout or placed in unfilled spaces,
need to allow unrestrained movement.

1.19.2.2 - 1.19.2.5 — No additional Commentary.
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CHAPTER 2
ALLOWABLE STRESS DESIGN OF MASONRY

2.1 — General

2.1.1  Scope
No Commentary

2.1.2  Load combinations

The load combinations were selected by the
committee and apply only if the legally adopted building
code has none. Nine load combinations are to be
considered and the structure must be designed to resist the
maximum stresses resulting from the action of any load
combination at any point of the structure. This Code
requires that when simultaneous loading is routinely
expected, as in the case of dead and live loads, the
structure must be designed to fully resist the combined
action of the loads prescribed by the legally adopted
building code.

2.1.2.1 and 2.1.2.2 No Commentary.

2.1.2.3 Previous editions of building codes have
prescribed higher allowable stresses when loads
combinations including wind or earthquake effects are
considered. Despite favorable historic performance, this
increase has been questioned, and there are different
opinions as to the rationale for permitting the increase™'.
The committee has opted to continue to use the allowable
stress increase in the traditional manner until
documentation is available to warrant a change.

2.1.3 Design strength

The structural adequacy of masonry construction
requires that the compressive strength of masonry equal or
exceed the specified strength. The specified compressive
strength /', on which design is based for each part of the
structure must be shown on the project drawings.

The 1995, 1999, 2002, and 2005 editions of the Code
contained provisions to permit use of strength-level load
combinations in allowable stress design, to compensate for
lack of service-level load combinations in previously
referenced load standards. This procedure, which enabled
the calculation of ‘pseudo-strengths’ on the basis of
allowable stresses, is no longer included in the Code
because recent editions of ASCE 7 include both service-
level and strength-level load combinations. The 2005
edition of the Code provides guidance for using strength-
level load combinations whenever the legally adopted
building code does not provide service-level load
combinations.

2.1.4  Anchor bolts embedded in grout

Allowable Stress Design anchor bolt provisions were
obtained by calibrating corresponding Strength Design
provisions to produce similar results. See Code
Commentary 3.1.6.

2.1.5 Multiwythe walls
2.1.5.1 No Commentary.

2.1.5.2 Composite action — Multiwythe walls
act monolithically if sufficient shear transfer can occur
across the interface between the wythes. See Figure
CC-2.1-1. Shear transfer is achieved with headers crossing
the collar joint or with mortar- or grout-filled collar joints.
When mortar- or grout-filled collar joints are relied upon
to transfer shear, wall ties are required to ensure structural
integrity of the collar joint. Composite action requires that
the stresses occurring at the interfaces are within the
allowable limits prescribed.

Composite masonry walls generally consist of brick-
to-brick, block-to-block, or brick-to-block wythes. The
collar joint can be filled with mortar or grout, or the
wythes can be connected with metal ties. The collar joint
thickness ranges from */5 to 4 in. (9.5 to 102 mm). The
joint may contain either vertical or horizontal
reinforcement, or reinforcement may be placed in either
the brick or block wythe. Composite walls are particularly
advantageous for resisting high loads, both in-plane and
out-of-plane.

Limited test data®>® 2> >* are available to document

shear strength of collar joints in masonry.

Test results”> ** show that shear bond strength of

collar joints could vary from as low as 5 psi (34.5 kPa) to
as high as 100 psi (690 kPa), depending on type and
condition of the interface, consolidation of the joint, and
type of loading. McCarthy et al.>* reported an average
value of 52 psi (359 kPa) with a coefficient of variation of
21.6 percent. A low bound allowable shear value of 5 psi
(34.5 kPa) is considered to account for the expected high
variability of the interface bond. With some units, Type S
mortar slushed collar joints may have better shear bond
characteristics than Type N mortar. Results show that
thickness of joints, unit absorption, and reinforcement
have a negligible effect on shear bond strength. Grouted
collar joints have higher allowable shear bond stress than
the mortared collar joints™’. Requirements for masonry
headers (Figure CC-5.7-1) are empirical and taken from
prior codes. The net area of the header should be used in
calculating the stress even if a solid unit, which allows up
to 25 percent coring, is used. Headers do not provide as
much ductility as metal tied wythes with filled collar joints.
The influence of differential movement is especially critical
when headers are used. The committee does not encourage
the use of headers.
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Figure CC-2.1-1 — Stress distribution in multiwythe walls of composite masonry

A strength analysis has been demonstrated by Porter
and Wolde-Tinsae™> > for composite walls subjected to
combined in-plane shear and gravity loads. In addition,
these authors have shown adequate behavioral
characteristics for both brick-to-brick and brick-to-block
composite walls with a grouted collar joint™’ ~*'°. Finite
element models for analyzing the interlaminar shearing
stresses in collar joints of composite walls have been
investigated by Anand et al.>'' ~*'*. They found that the
shear stresses were principally transferred in the upper
portion of the wall near the point of load application for
the in-plane loads. Thus, below a certain distance, the
overall strength of the composite is controlled by the
global strength of the wall, providing that the wythes are
acting compositely.

The size, number, and spacing of wall ties, shown in
Figure CC-2.1-2, has been determined from past
experience. The limitation of Z-ties to walls of other than
hollow units is also based on past experience.

2.1.5.3 Non-composite action — Multiwythe
walls may be constructed so that each wythe is separated
from the others by a space that may be crossed only by ties.
The ties force compatible lateral deflection, but no
composite action exists in the design. Weak axis bending
moments caused by either gravity loads or lateral loads are
assumed to be distributed to each wythe in proportion to its

relative stiffness. See Figure CC-2.1-3 for stress distribution
in non-composite walls. Loads due to supported horizontal
members are to be resisted by the wythe closest to center of
span as a result of the deflection of the horizontal member.

The size, number, and spacing of metal ties (Figure
CC-2.1-2) have been determined from past experience.
Ladder-type or tab-type joint reinforcement is required
because truss-type joint reinforcement restricts in-plane
differential movement between wythes. However, the use of
cavity wall ties with drips (bends in ties to prevent moisture
migration) has been eliminated because of their reduced
strength. In cavity walls, this Code limits the thickness of the
cavity to 4% in. (114 mm) to assure adequate performance.
If cavity width exceeds 4% in. (114 mm), the ties must be
designed to resist the loads imposed upon them based on a
rational analysis that takes into account buckling, tension,
pullout, and load distribution.

The NCMA*" and Canadian Standards Association
(CSA)Y*'® have recommendations for use in the design of ties
for walls with wide cavities. The term cavity is used when
the net thickness is 2 in. (51 mm) or greater. Two in.
(51 mm) is considered the minimum space required for
resistance to water penetration. A continuous air space of
lesser thickness is referred to as a void (unfilled) collar joint.
Requirements for adjustable ties are shown in Figure
CC-2.1-4. They are based on the results in Reference 2.17.



COMMENTARY ON BUILDING CODE REQUIREMENTS FOR MASONRY STRUCTURES CC-39

2 2/3 Sq. Ft. (0.25 m2?)
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Area Per Tie —\

4 1/2 Sq. Ft. (0.42 m2)
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24 in. (610 mm)
Max. Vert. Spacing

Area Per Tie
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Figure CC-2.1-2 — Wall tie spacing for multiwythe walls
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Figure CC-2.1-3 — Stress distribution in multiwythe walls of non-composite masonry
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Figure CC-2.1-4 — Adjustable ties

2.1.6 Columns
2.1.6.1 The limit of 25 for the effective height-to-
least nominal dimension ratio is based on experience. Data
are currently lacking to justify a larger ratio. See Figure
CC-2.1-5 for effective height determination.

2.1.6.2 The minimum eccentricity of axial load
(Figure CC-2.1-6) results from construction imperfections
not otherwise anticipated by analysis.

Column,
Wall or
Pilaster ] Floor or Roof
’ Clear Height
/ Between Supports
h = Clear
Height Y] Braced at Supports

In the event that actual eccentricity exceeds the
minimum eccentricity required by this Code, the actual
eccentricity should be used. This Code requires that
stresses be checked independently about each principal
axis of the member (Figure CC-2.1-6).

Cantilevered Column,
Wall or Pilaster

1

Height

AN

h =2 x Height ‘ Floor or Roof

Fixed at Base

If data (see Section 1.3) shows that there is reliable restraint against translation
and rotation at the supports the “effective height” may be taken as low as the distance
between points of inflection for the loading case under consideration.

Figure CC-2.1-5 — Effective height, h, of column, wall, or pilaster
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Figure CC-2.1-6 — Minimum design eccentricity in columns

2.1.7 Pilasters

Pilasters are masonry members that can serve one of
several purposes. They may be visible, projecting from
one or both sides of the wall, or hidden within the
thickness of the wall as shown in Figure CC-2.1-7.
Pilasters contribute to the lateral load resistance of
masonry walls and may resist vertical loads.

2.1.8 Concentrated loads
No Commentary.

2.1.9  Development of reinforcement embedded in grout
2.1.9.1 General — From a point of peak stress
in reinforcement, some length of reinforcement or
anchorage is necessary through which to develop the
stress. This development length or anchorage is necessary
on both sides of such peak stress points, on one side to
transfer stress into and on the other to transfer stress out of
the reinforcement. Often the reinforcement continues for a
considerable distance on one side of a critical stress point
so that calculations need involve only the other side; for
example, the negative moment reinforcement continuing
through a support to the middle of the next span.

Bars and longitudinal wires must be deformed.

2.1.9.2 Development of wires in tension — Eq.
(2-11) can be derived from the basic development length
expression and an allowable bond stress u for deformed
bars in grout of 160 psi (1103 kPa)*'® *!°. Research **°
has shown that epoxy-coated reinforcing bars require
longer development length than uncoated reinforcing bars.
The 50 percent increase in development length is
consistent with the increase required in the ACI 318
provisions'?’ for epoxy-coated bars and wires.

ly=dyF, /4u = d, F, /A(160) = 0.0015d, F,
(1;= 0.22d,F, in SI units)

2.1.9.3 Development of bars in tension or
compression — See the discussion in Code Commentary
3.3.3.4.

2.1.9.4 Embedment of flexural reinforcement —
Figure CC-2.1-8 illustrates the embedment requirements of
flexural reinforcement in a typical continuous beam.
Figure CC-2.1-9 illustrates the embedment requirements in
a typical continuous wall that is not part of the lateral load-
resisting system.

2.1.9.4.1.1 No Commentary.

2.1.9.4.1.2 Critical sections for a typical
continuous beam are indicated with a “c” or an “x” in
Figure CC-2.1-8. Critical sections for a typical continuous

wall are indicated with a “c” in Figure CC-2.1-9.

2.1.9.4.1.3 The moment diagrams
customarily used in design are approximate. Some shifting
of the location of maximum moments may occur due to
changes in loading, settlement of supports, lateral loads, or
other causes. A diagonal tension crack in a flexural
member without stirrups may shift the location of the
calculated tensile stress approximately a distance d toward
a point of zero moment. When stirrups are provided, this
effect is less severe, although still present.

To provide for shifts in the location of maximum
moments, this Code requires the extension of
reinforcement a distance d or 12d, beyond the point at
which it is theoretically no longer required to resist
flexure, except as noted.

Cutoff points of bars to meet this requirement are
illustrated in Figure CC-2.1-8.

When bars of different sizes are used, the extension
should be in accordance with the diameter of bar being
terminated. A bar bent to the far face of a beam and
continued there may logically be considered effective in
satisfying this section, to the point where the bar crosses
the middepth of the member.
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2.1.9.4.1.4 Peak stresses exist in the
remaining bars wherever adjacent bars are cut off or bent
in tension regions. In Figure CC-2.1-8 an “x” mark is used
to indicate the peak stress points remaining in continuing
bars after part of the bars have been cut off. If bars are cut
off as short as the moment diagrams allow, these stresses
become the full F;, which requires a full embedment
length as indicated. This extension may exceed the length
required for flexure.

2.1.9.4.1.5 Evidence of reduced shear
strength and loss of ductility when bars are cut off in a
tension zone has been reported in Reference 2.21. As a
result, this Code does not permit flexural reinforcement to
be terminated in a tension zone, unless special conditions
are satisfied. Flexure cracks tend to open early wherever
any reinforcement is terminated in a tension zone. If the
stress in the continuing reinforcement and the shear
strength are each near their limiting values, diagonal
tension cracking tends to develop prematurely from these
flexure cracks. Diagonal cracks are less likely to form
where shear stress is low. A lower steel stress reduces the
probability of such diagonal cracking.

2.1.9.4.1.6 In corbels, deep flexural
members, variable-depth arches, members where the
tension reinforcement is not parallel with the compression
face, or other instances where the steel stress, f;, in
flexural reinforcement does not vary linearly in proportion
to the moment, special means of analysis should be used to
determine the peak stress for proper development of the
flexural reinforcement.

2.1.9.4.2 Development of positive moment
reinforcement — When a flexural member is part of a
primary lateral load-resisting system, loads greater than
those anticipated in design may cause reversal of moment
at supports. As a consequence, some positive
reinforcement is required to be anchored into the support.
This anchorage assures ductility of response in the event
of serious overstress, such as from blast or earthquake.
The use of more reinforcement at lower stresses is not
sufficient. The full anchorage requirement does not apply
to excess reinforcement provided at the support.

Cc

X ZY 1
Moment Capacity

of Bars a

Points of Inflection (P.1.)

Moment Capacity
of Bars b TN
X
Moment Curve—\
c
A < >
—>>d, 12
/
>/, — -0
— >/, —»>d, 16

— > d, 12d—>

~H

Figure CC-2.1-8 — Development of flexural reinforcement in a typical continuous beam
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2.1.9.4.3 Development of negative moment
reinforcement — Negative reinforcement must be properly
anchored beyond the support faces by extending the
reinforcement /, into the support. Other methods of
anchoring include the use of a standard hook or suitable
mechanical device.

Section 2.1.9.4.3.2 provides for possible shifting of
the moment diagram at a point of inflection, as discussed
under Commentary Section 2.1.9.4.1.3. This requirement
may exceed that of Section 2.1.9.4.1.3 and the more
restrictive governs.

2.1.9.5 Hooks
2.1.9.5.1 The allowable stress developed by
a standard hook, 7,500 psi (51.7 MPa), is the accepted
permissible value in masonry design. Substituting this
value into Eq. (2-11) results in the equivalent embedment
length given. This value is less than half that given in
Reference 1.14.

2.1.9.5.2 In  compression,
ineffective and cannot be used as anchorage.

hooks are

2.1.9.6 Development of shear reinforcement
2.1.9.6.1 Bar and wire reinforcement

\/__
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2.1.9.6.1.1 Stirrups must be carried as
close to the compression face of the member as possible
because near ultimate load, flexural tension cracks
penetrate deeply.

2.1.9.6.1.2 The requirements for
anchorage of U-stirrups for deformed reinforcing bars and
deformed wire are illustrated in Figure CC-2.1-10.

2.1.9.6.1.2(a)  When a standard hook
is used, 0.5 /, must be provided between d/2 and the point
of tangency of the hook.

This provision may require a reduction in size and
spacing of web reinforcement, or an increase in the
effective depth of the beam, for web reinforcement to be
fully effective.

2.1.9.6.1.3 and 2.1.9.6.1.5 U-stirrups that
enclose a longitudinal bar obviously have sufficient
resistance in the tension zone of the masonry.
2.1.9.6.2 Welded wire reinforcement —
Although not often used in masonry construction, welded
wire reinforcement provides a convenient means of
placing reinforcement in a filled collar joint. See
Reference 2.22 for more information.

i
> g, Span
l 16

12d,

I\C/Ioment Points of
urve Inflection (P.1.)
>d, 12d,
c

\Zero Moment

4N

1
\— Typical Intermediate
Floor

—L

Figure CC-2.1-9 — Development of flexural reinforcement in a typical wall
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Figure CC-2.1-10 — Anchorage of U-stirrups (deformed reinforcing bars and deformed wire)

2.1.9.7 Splices of vreinforcement — The
importance of continuity in the reinforcement through proper
splices is emphasized by the different requirements for the

stress level to be transferred in the various types of splices™*.

2.1.9.7.1 Lap splices
2.1.9.7.1.1 No Commentary.

2.1.9.7.1.2 If individual bars in
noncontact lap splices are too widely spaced, an
unreinforced section is created, which forces a potential
crack to follow a zigzag line. Lap splices may occur with
the bars in adjacent grouted cells if the requirements of
this section are met.

2.1.9.7.2 Welded splices — A full welded
splice is primarily intended for large bars (No. 6 [M#19]
and larger) in main members. The tensile strength
requirement of 125 percent of specified yield strength is
intended to ensure sound welding, adequate also for
compression. It is desirable that splices be capable of
developing the ultimate tensile strength of the bars spliced,
but practical limitations make this ideal condition difficult
to attain. The maximum reinforcement stress used in
design under this Code is based upon yield strength. To
ensure sufficient strength in splices so that brittle failure
can be avoided, the 25 percent increase above the specified
yield strength was selected as both an adequate minimum
for safety and a practicable maximum for economy.

2.1.9.7.3 Mechanical  splices —  Full
mechanical splices are also required to develop 125 percent
of the yield strength in tension or compression as required,
for the same reasons discussed for full welded splices.

2.1.9.7.4 End-bearing splices — Experience
with end-bearing splices has been almost exclusively with
vertical bars in columns. If bars are significantly inclined
from the vertical, special attention is required to ensure

that adequate end-bearing contact can be achieved and
maintained. The lateral tie requirements prevent
end-bearing splices from sliding.

2.2 — Unreinforced masonry

2.2.1  Scope

This section provides for the design of masonry
members in which tensile stresses, not exceeding allowable
limits, are resisted by the masonry. This has previously been
referred to as unreinforced or plain masonry. Flexural tensile
stresses may result from bending moments, from eccentric
vertical loads, or from lateral loads.

A fundamental premise is that under the effects of
design loads, masonry remains uncracked. Stresses due to
restraint against differential movement, temperature change,
moisture expansion, and shrinkage combine with the design
load stresses. Stresses due to restraint should be controlled
by joints or other construction techniques to ensure that the
combined stresses do not exceed the allowable.

2.2.2  Stresses in reinforcement

Reinforcement may be placed in masonry walls to
control the effects of movements from temperature
changes or shrinkage.

2.2.3  Axial compression and flexure

2.2.3.1 For a member solely subjected to axial
load, the resulting compressive stress f, should not exceed
the allowable compressive stress F,; in other words, f, /F,
should not exceed 1. Similarly, in a member subjected
solely to bending, the resulting compressive stress f; in the
extreme compression fiber should not exceed the
allowable compressive stress Fj,, or again, f,/F, should
not exceed 1.




CC-46

This Code requires that under combined axial and
flexure loads, the sum of the quotients of the resulting
compression stresses to the allowable ( f, /F, + f, /F},) does
not exceed 1. This unity interaction equation is a simple
portioning of the available allowable stresses to the applied
loads, and is used to design masonry for compressive
stresses. The unity formula can be extended when biaxial
bending is present by replacing the bending stress quotients
with the quotients of the calculated bending stress over the
allowable bending stress for both axes.

In this interaction equation, secondary bending effects
resulting from the axial load are ignored. A more accurate
equation would include the use of a moment magnifier
applied to the flexure term, f, /F,. Although avoidance of a
moment magnifier term can produce unconservative
results in some cases, the committee decided not to include
this term in Eq. (2-13) for the following reasons:

* At larger i/r values, where moment magnification is
more critical, the allowable axial load on the member
is limited by Code Eq. (2-14).

*  For the practical range of 4/r values, errors induced by
ignoring the moment magnifier is relatively small, less
than 15 percent.

e The overall safety factor of 4 included in the
allowable stress equations is sufficiently large to
allow this simplification in the design procedure.

The requirement of Eq. (2-14) that the axial
compressive load P not exceed '/4 of the buckling load P,

replaces the arbitrary upper limits on slenderness used in
ACI 53177,

MANUAL OF CONCRETE PRACTICE

The purpose of Eq. (2-14) is to safeguard against a
premature stability failure caused by eccentrically applied
axial load. The equation is not intended to be used to check
adequacy for combined axial compression and flexure.
Therefore, in Eq. (2-18), the value of the eccentricity “e” that
is to be used to calculate P, is the actual eccentricity of the
applied compressive load. The value of “e” is not to be
calculated as M,,, divided by P where M, is a moment
caused by other than eccentric load.

Eq. (2-14) is an essential check because the allowable
compressive stress for members with an //r ratio in excess
of 99 has been developed assuming only a nominal
eccentricity of the compressive load. Thus, when the
eccentricity of the compressive load exceeds the minimum
eccentricity of 0.1z, Eq. (2-16) will overestimate the
allowable compressive stress and Eq. (2-14) may control.

The allowable stress values for F, presented in Egs.
(2-15) and (2-16) are based on an analysis of the results of
axial load tests performed on clay and concrete masonry
elements. A fit of an empirical curve to this test data,
Figure CC-2.2-1, indicates that members having an A/r
ratio not exceeding 99 fail under loads below the Euler
buckling load at a stress level equal to:

£ili-(nnaorp)

Thus, for members having an A/r ratio not exceeding
99, this Code allows axial load stresses not exceeding Y
of the aforementioned failure stress.

(same with SI units)

o Test Results

Ratio of Wall Strength to
Compressive Strength of Masonry

Test Data

Fitto

—= Stability
Failure

25 30 35 40 45

0.4+
0.2
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0 5 10 15
T T T
0 25 50

75 99 125 150

Figure CC-2.2-1 — Slenderness effects on axial compressive strength
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Applying the Euler theory of buckling to members
having resistance in compression but not in tension,
References 2.25, 2.26, and 2.27 show that for a solid
section, the critical compressive load for these members
can be expressed by the formula

P, =(x*E,I,/h*)(1-2e/t)* (same with SI units)

in which

I, = uncracked moment of inertia

e = eccentricity of axial compressive load
with respect to the member longitudinal

centroidal axis.

In the derivation of this buckling load equation,
tension cracking is assumed to occur prior to failure.

For h/r values in excess of 99, the limited test data is
approximated by the buckling load.

For a solid rectangular section, r = +/¢>/12.
Making this substitution into the buckling load equation gives

2 3
E, I
P :%(1_0577% (2-18)

e
B
Transforming the buckling equation using a minimum
eccentricity of 0.1¢ (from Section 2.1.6.2) and an elastic
modulus equal to 1000 f 7,, the axial compressive stress at

buckling failure amounts approximately to [70(r/ h)]2 .

Thus, for members having an A/ ratio in excess of 99, this
Code allows an axial load compressive stress not
exceeding '/, of this failure stress [Eq. (2-16)].

Flexure tests of masonry to failure have
shown??%22%230.231 that the compressive stress at failure
computed by the straight-line theory exceeds that of
masonry failing under axial load. This phenomenon is
attributed to the restraining effect of less highly strained
compressive fibers on the fibers of maximum compressive
strain. This effect is less pronounced in hollow masonry

CC-47

than solid masonry; however, the test data indicate that,
computed by the straight-line theory, the compressive
stress at failure in hollow masonry subjected to flexure
exceeds by '/; that of the masonry under axial load. Thus,
to maintain a factor of safety of 4 in design, the committee
considered it conservative to establish the allowable
compressive stress in flexure as:

Io=%xatn = (%)

2.23.2 Bending — Allowable flexural tensile
stresses for portland-cement lime mortar are traditional values.

Mortar cement is a product that has bond strength
requirements that have been established to provide
comparable flexural bond strength to that achieved using
portland cement-lime mortar, 3% #3323

For masonry cement and air entrained portland-
cement lime mortar, there are no conclusive research data
and, hence, flexural tensile stresses are based on existing
requirements in other codes.

The tensile stresses listed are for tension due to
flexure under out-of-plane or in-plane loading. While it is
recognized that in-plane and out-of-plane strain gradients
are different, at these low stress levels this effect should be
small. Flexural tensile stresses can be offset by axial
compressive stress, but the resultant tensile stress due to
combined bending and axial compression cannot exceed
the allowable flexural tensile stress. Variables affecting
tensile bond strength of brick masonry normal to bed
joints include mortar properties, unit initial rate of
absorption, surface condition, workmanship, and curing
condition. For tension parallel to bed joints, the strength
and geometry of the units also affect tensile strength.

Stack bond masonry has historically been assumed to
have no flexural bond strength across mortared head
joints; thus the grout area alone is used to resist bending.
Examples of continuous grout parallel to the bed joints are
shown in Figure CC-2.2-2.

Top portion of
web removed

Minimum cross-sectional
area of continuous grout

Figure CC-2.2-2 — Continuous grout sections parallel to the bed joints
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Test data using a bond wrench®*> > revealed tensile
bond strength normal to bed joints ranging from 30 psi
(207 kPa) to 190 psi (1,310 kPa). This wide range is
attributed to the multitude of parameters affecting tensile
bond strength.

Test results*** *37 show that masonry cement mortars

and mortars with high air content generally have lower
bond strength than portland cement-lime mortars.

Tests conducted by Hamid**® show the significant

effect of the aspect ratio (height to least dimension) of the
brick unit on the flexural tensile strength. The increase in
the aspect ratio of the unit results in an increase in strength
parallel to bed joints and a decrease in strength normal to
bed joints.

Research work™’ on flexural strength of concrete
masonry has shown that grouting has a significant effect in
increasing tensile strength over ungrouted masonry. A
three-fold increase in tensile strength normal to bed joints
was achieved using fine grout as compared to ungrouted
masonry. The results also show that, within a practical
range of strength, the actual strength of grout is not of
major importance. For tension parallel to bed joints, a 133
percent increase in flexural strength was achieved by
grouting the cells. Grout cores change the failure mode
from stepped-wise cracking along the bed and head joints
for hollow walls to a straight line path along the head
joints and unit for grouted walls.

Research®® has shown that flexural strength of
unreinforced grouted concrete and clay masonry is largely
independent of mortar type or cementitious materials.

For partial grouting, the footnote permits interpolation
between the fully grouted value and the hollow unit value
based on the percentage of grouting. A concrete masonry
wall with Type S portland cement-lime mortar grouted
50 percent and stressed normal to the bed joints would have
an allowable stress midway between 65 psi (448 kPa) and
25psi (172 kPa), hence an allowable stress of 45 psi
(310 kPa).

The presence of flashing and other conditions at the base
of the wall can significantly reduce the flexural bond. The
values in this Table apply only to the flexural tensile stresses
developed between masonry units, mortar, and grout.

2.2.4  Axial tension

Net axial tension in unreinforced masonry walls due
to axially applied load are not permitted. If axial tension
develops in walls due to uplift of connected roofs or
floors, the walls must be reinforced to resist the tension.
Compressive stress from dead load can be used to offset
axial tension.
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2.2.5 Shear
Three modes of shear failure in unreinforced masonry
are possible:

(a) Diagonal tension cracks form through the mortar and
masonry units.

(b) Sliding occurs along a straight crack at horizontal bed
joints.

(c) Stepped cracks form, alternating from head joint to
bed joint.

In the absence of suitable research data, the committee
recommends that the allowable shear stress values given in
Code Section 2.2.5.2 be used for limiting out-of-plane
shear stresses.

2.2.5.1 The theoretical parabolic  stress
distribution is used to calculate shear stress rather than the
average stress. Many other codes use average shear stress
so direct comparison of allowable values is not valid.
Effective area requirements are given in Section 1.9.1. For
rectangular sections, this equates to /, x J/A. This
equation is also used to calculate shear stresses for
composite action.

2.2.5.2 Shear stress allowable values are
applicable to shear walls without reinforcement. The
values given are based on recent research®*' — %*. The
0.45 coefficient of friction, increased from 0.20, is shown
in these tests. &V, is normally based on dead load.

2.3 — Reinforced masonry

2.3.1 Scope

The requirements covered in this section pertain to the
design of masonry in which flexural tension is assumed to
be resisted by reinforcement alone, and the flexural tensile
strength of masonry is neglected. Tension still develops in
the masonry, but it is not considered to be effective in
resisting design loads.

2.3.2  Steel reinforcement - Allowable stresses —
These values have been in use for many years.

2.3.3  Axial compression and flexure
See Commentary for 2.2.3.1.

2.3.3.1 No Commentary.
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2.3.3.2 Allowable forces and stresses — This
Code limits the compressive stress in masonry members
based on the type of load acting on the member. The
compressive force at the section resulting from axial loads
or from the axial component of combined loads is
calculated separately, and is limited to the values permitted
in Section 2.3.3.2.1. Equation (2-20) or (2-21) controls the
capacity of columns with large axial loads. The coefficient
of 0.25 provides a factor of safety of about 4.0 against
crushing of masonry. The coefficient of 0.65 was
determined from tests of reinforced masonry columns and
is taken from previous masonry codes™** **. A second
compressive stress calculation must be performed
considering the combined effects of the axial load
component and flexure at the section and should be limited
to the values permitted in Section 2.3.3.2.2. (See
Commentary for Section 2.2.3.)

2.3.3.2.1 No Commentary.

2.3.3.2.2 See Commentary for
2.2.3.1 for information on F}.

Section

The interaction equation used in Section 2.2.3 is not
applicable for reinforced masonry and is therefore not
included in Section 2.3.

2.3.3.3 Beams — The requirements for masonry
members outlined are relatively straightforward and follow
generally accepted engineering practice.

The minimum bearing length of 4 in. (102 mm) in the
direction of span is considered a reasonable minimum for
masonry beams over door and window openings to prevent
concentrated compressive stresses at the edge of the
opening. This requirement should also apply to beams and
lintels in the plane of the wall.

2.3.3.4 Walls — The balanced reinforcement ratio
for a masonry element designed by allowable stress design
can be derived using principles of engineering mechanics of
a cracked, transformed section. The resulting equation is:

nky

Py =7~
b F
2F | n+—
Fb

where pj is the balanced reinforcement ratio resulting in a
condition whereby both the reinforcement and masonry
simultaneously reach their specified allowable stresses.
Because the difference between specified design stresses

CC-49

and specified allowable stresses is not constant between
reinforcement and masonry (F; can range from 40 percent
to 50 percent of f, and F), is taken equal to 1/3f7,), the
committee agreed a more consistent application of this
upper limit on the reinforcement ratio would be to replace
the allowable stresses in the equation above with the
corresponding specified stresses as shown in Code
Equation 2-22.

The equation is directly applicable for reinforcement
concentrated at the end of the shear wall. For distributed
reinforcement, the reinforcement ratio is obtained as the
total area of tension reinforcement divided by bd.

2.3.4  Axial tension and flexural tension
No Commentary.

2.3.5 Shear

To compensate for a simplified method of analysis and
unknowns in construction, the shear stresses allowed by this
Code are conservative. When reinforcement is added to
masonry, the shear resistance of the member is increased.
Priestley and Bridgemen™* concluded from a series of tests
that shear reinforcement is effective in providing resistance
only if it is designed to resist the full shear load. Thus, most
codes do not add the shear resistance provided by the
masonry to that provided by the shear reinforcement. The
shear reinforcement is required to resist one hundred percent
of the applied shear. See Commentary Section 2.2.5 and the
flow chart for design of masonry members resisting shear
shown in Figure CC-2.3-2.

2.3.5.1 No Commentary.

2.3.5.2 Egs. (2-23) through (2-29) in Code

Section 2.3.5.2 are derived from previous masonry
codeg? 24 247,248

2.3.5.2.1 Shear forces can act both vertically
and horizontally under wind and seismic conditions in
shear walls. Because the beams are designed as reinforced
and are assumed to crack in flexure, the classical shear
stress calculation used in Section 2.2 is replaced with an
approximation of the maximum shear stress below the
neutral axis. The approximation results from deleting the
term “ ” in the equation f,= V/bjd.

2.3.5.2.2 No Commentary.

2.3.5.2.3(a) The limits on the calculated
shear stress in beams are in conformance with those given
in previous masonry codes.
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Identify Critical Section,

Determine Design Forces,

Compute Maximum Stresses
from Combined Forces

Subject Calculate f, v Shear
to Flexural by Eq. 2-19 — €3 Requirement
Tension? See Fig. 2.3-3(b) Satisfied.
No
Calculate f, Reproportion
by Eq. 2-23 or Reinforce
See Fig. 2.3-3(a) According to
2.3.5.1 and
Redesign
Yes Shear
Requirement
Satisfied.
No
Yes Provide Shear Shear
Reinforcement [—= Requirement
by 2.3.56.3 Satisfied.
No
Reproportion

and Redesign.

Figure CC-2.3-2 — Flow chart for shear design

Flexure \kL Flexure

_ Combined Flexure
Combined Flexure U\LL\I\ and Axial

and Axial
Shear f,= v Shear f,= vQ
" bd Ib
Figure CC-2.3-3(a) — Illustration of design Figure CC-2.3-3(b) — Illustration of design

section that is subjected to tension section that is not subjected to tension



COMMENTARY ON BUILDING CODE REQUIREMENTS FOR MASONRY STRUCTURES

2.3.5.3 Eq.(2-30) may be derived by assuming a
45-degree shear crack extended from the extreme
compression fiber to the centroid of the tension steel,
which is the distance d. Forces are summed in the direction
of the shear reinforcement and the doweling resistance of
the longitudinal reinforcement is neglected. In Eq. (2-30),
for shear walls without shear reinforcement and for shear
parallel to the plane of the wall, d, may be substituted for
d. Notice that for such shear walls, d, may be either
horizontal or vertical, depending on the direction of the
shear and resulting reinforcement.

For shear walls, the longitudinal reinforcement is
normally vertical and distributed along the length of the
wall. The shear reinforcement is normally horizontal. In
the development of the equation for shear walls, the 45-
degree crack extends through more horizontal
reinforcement than that obtained by using the depth to the
centroid of the reinforcement, d. Thus, the use of d, is
justified. However, the designer must be cautioned that
this is not always the case. For example, in a 10-ft
(3.05-m) shear wall with vertical reinforcement located
2 ft (0.61 m) from each end (with no other vertical
reinforcement), it would be unconservative to use d, and
the maximum reinforced length may be used in place of d,.

2.3.5.3.1 The assumed shear crack is at 45
degrees to the longitudinal reinforcement. Thus, a
maximum spacing of d/2 is specified to assure that each
crack is crossed by at least one bar. The 48-in. (1219-mm)
maximum spacing is an arbitrary choice that has been in
codes for many years.

2.3.5.4 Shear across collar joints in composite
masonry walls is transferred by the mortar or grout in the
collar joint. Shear stress in the collar joint or at the
interface between the wythe and the collar joint is limited
to the allowable stresses in Section 2.1.5.2.2. Shear
transfer by wall ties or other reinforcement across the
collar joint is not considered.

2.3.5.5 The beam or wall loading within d/2 of
the support is assumed to be transferred in direct
compression or tension to the support without increasing
the shear load, provided no concentrated load occurs
within the d/2 distance.
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CHAPTER 3
STRENGTH DESIGN OF MASONRY

3.1 — General

3.1.1 Scope
No Commentary.

3.1.2 Required strength
No Commentary.

3.1.3 Design strength
No Commentary.

3.1.4  Strength-reduction factors

The strength-reduction factor incorporates the
difference between the nominal strength provided in
accordance with the provisions of Chapter 3 and the
expected strength of the as-built masonry. The strength-
reduction factor also accounts for the uncertainties in
construction, material properties, calculated versus actual
member strengths, as well as anticipated mode of failure.

3.1.4.1 Combinations of flexure and axial load
in reinforced masonry — The same strength-reduction
factor is used for the axial load and the flexural tension or
compression induced by bending moment in reinforced
masonry elements. The higher strength-reduction factor
associated with reinforced elements (in comparison to
unreinforced elements) reflects a decrease in the
coefficient of variation of the measured strengths of
reinforced elements when compared to similarly
configured unreinforced elements.

3.1.4.2 Combinations of flexure and axial load
in unreinforced masonry — The same strength-reduction
factor is used for the axial load and the flexural tension or
compression induced by bending moment in unreinforced
masonry elements. The lower strength-reduction factor
associated with unreinforced elements (in comparison to
reinforced elements) reflects an increase in the coefficient
of variation of the measured strengths of unreinforced
elements when compared to similarly configured
reinforced elements.

3.1.4.3 Shear — Strength-reduction factors for
calculating the design shear strength are commonly more
conservative than those associated with the design flexural
strength. However, the strength design provisions of
Chapter 3 require that shear strength considerably exceed
flexural strength. Hence, the strength-reduction factor for
shear is taken as 0.80, a value 33 percent larger than the
historical value.

3.1.4.4 Anchor bolts — Because of the general
similarity between the behavior of anchor bolts embedded in
grout and in concrete, and because available research data
for anchor bolts in grout indicate similarity, the strength-
reduction values associated with various controlling anchor
bolt failures are derived from expressions based on research

into the performance of anchor bolts embedded in concrete.

3.1.4.5 Bearing — The value of the strength-
reduction factor used in bearing assumes that some
degradation has occurred within the masonry material.

3.1.5 Deformation requirements
3.1.5.1 Deflection of  unreinforced  (plain)
masonry — The deflection calculations of unreinforced
masonry are based on elastic performance of the masonry
assemblage as outlined in the design criteria of Section 3.2.1.3.

3.1.5.2 Deflection of reinforced masonry —
Values of /.5 are typically about one-half of /, for common
solid grouted element configurations. Calculating a more
accurate value using the cracked transformed section may
be desirable for some circumstances.

3.1.6  Anchor bolts embedded in grout

Design of anchor bolts embedded in grout may be
based on physical testing or, for headed and bent-bar
anchor bolts, by calculation. Due to the wide variation in
configurations of post-installed anchors, designers are
referred to product literature published by manufacturers
for these anchors.

3.1.6.1 Design requirements — No Commentary.

3.1.6.2 Nominal strengths determined by test —
Many types of anchor bolts, such as expansion anchors,
toggle bolts, sleeve anchors, etc., are not covered by Code
Section 3.1.6.3 and, therefore, such anchors must be
designed using test data. Testing may also be used to
establish higher strengths than those calculated by Code
Section 3.1.6.3. ASTM E448 requires only three tests. The
variability of anchor bolt strength in masonry and the
possibility that anchor bolts may be used in a non-
redundant manner warrants an increase to the minimum of
five tests stipulated by the Code. Assuming a normal
distribution and a coefficient of variation of 20 percent for
the test data, a fifth-percentile value for nominal strength
is approximately obtained as 65 percent of the average
strength value. Failure modes obtained from testing should
be reported and appropriate N factors used when
establishing design strengths.

3.1.6.3 Nominal strength  determined by
calculation for headed and bent-bar anchor bolts — Design
equations provided in the Code stem from research®'~’
conducted on headed anchor bolts and bent-bar anchor
bolts (J- or L-bolts) embedded in grout.

3.1.6.3.1 Nominal tensile strength of headed
and bent-bar anchor bolts — No Commentary
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3.1.6.3.1.1 Nominal  axial  tensile
strength of headed anchor bolts — Tensile strength of a
headed anchor bolt is governed by yield and fracture of the
anchor steel or by breakout of an approximately conical
volume of masonry starting at the anchor head and having
a fracture surface oriented at approximately 45 degrees to
the masonry surface. Steel strength is calculated using the
effective tensile stress area of the anchor (that is, including
the reduction in area of the anchor shank due to threads).

3.1.6.3.1.2 Nominal  axial tensile
strength of bent-bar anchor bolts — The tensile strength of
a bent-bar anchor bolt (J- or L-bolt) is governed by yield
and fracture of the anchor steel, by tensile cone breakout
of the masonry, or by straightening and pullout of the
anchor bolt from the masonry. Capacities corresponding to
the first two failure modes are calculated as for headed
anchor bolts. Code equation (3-4) corresponds to anchor
bolt pullout. The second term in equation (3-4) is the
portion of the anchor bolt capacity due to bond between
bolt and grout. Accordingly, Specification Article 3.2B
requires that precautions be taken to ensure that the shanks
of the bent-bar anchor bolts are clean and free of debris
that would otherwise interfere with the bond between
anchor bolt and grout.

3.1.6.3.2 Nominal shear strength of headed
and bent-bar anchor bolts -- Shear strength of a headed or
bent-bar anchor bolt is governed by yield and fracture of
the anchor steel, by masonry crushing, or by masonry
shear breakout. Steel strength is calculated using the
effective tensile stress area (that is, threads are
conservatively assumed to lie in the critical shear plane).
Pryout (see Figure CC-1.16-6) is also a possible failure
mode. The pryout equation (Equation 3-8) is adapted from
ACI-318>*,

Under static shear loading, bent-bar anchor bolts do
not exhibit straightening and pullout. Under reversed
cyclic shear, however, available research®® suggests that
straightening and pullout may occur.

3.1.6.3.3 Combined axial tension and
shear -- Anchor bolts subjected to combined axial tension
and shear must satisfy the linear interaction equation given
by Equation 3-10.

3.1.7  Nominal bearing strength
Commentary Section 1.9.5 provides further information.

3.1.8  Material properties
Commentary Section 1.8 provides additional information.
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3.1.8.1 Compressive strength

3.1.8.1.1 Masonry compressive strength —
Design criteria are based on research®'® conducted on
structural masonry components having compressive
strengths from 1,500 to 6,000 psi (10.34 to 41.37 MPa).
Design criteria are based on these research results. Design
values therefore are limited to compressive strengths in the
range of 1,500 to 4,000 psi (10.34 to 27.58 MPa) for
concrete masonry and 1,500 to 6,000 psi (10.34 to
41.37 MPa) for clay masonry.

3.1.8.1.2 Grout compressive strength —
Since most empirically derived design equations calculate
nominal strength as a function of the specified compressive
strength of the masonry, the specified compressive strength
of the grout is required to be at least equal to the specified
compressive  strength for concrete masonry. This
requirement is an attempt to ensure that where the grout
compressive strength may significantly control the design
(such as anchors embedded in grout), the nominal strength
will not be affected. The limitation on the maximum grout
compressive strength is due to the lack of available research
using higher material strengths.

3.1.8.2 Masonry modulus of rupture — The
modulus of rupture values provided in Code Table 3.1.8.2
are the allowable stress values for flexural tension
multiplied by a factor of 2.5 to give nominal strength
values. While it is recognized that in-plane and out-of-
plane strain gradients are different, at these low stress
levels this effect should be small.

Stack bond masonry has historically been assumed to
have no flexural bond strength across mortared head
joints; thus, the grout area alone is used to resist bending.
Examples of a continuous grout section parallel to the bed
joints are shown in Figure CC-2.2-2.

The presence of flashing and other conditions at the base
of the wall can significantly reduce the flexural bond. The
values in this Table apply only to the flexural tensile stresses
developed between masonry units, mortar, and grout.

3.1.8.3 Reinforcement strength — Research®!”
conducted on reinforced masonry components used Grade
60 steel. To be consistent with laboratory documented
investigations, design is based on a nominal steel yield
strength of 60,000 psi (413.7 MPa). The limitation on the
steel yield strength of 130 percent of the nominal yield
strength is to minimize the over-strength unintentionally
incorporated into a design.
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3.2 — Unreinforced (plain) masonry

3.2.1 Scope
No Commentary.

3.2.1.1 Strength for resisting loads — No
Commentary

3.2.1.2 Strength contribution from
reinforcement — Although reinforcement may still be
present in unreinforced masonry, it is not considered in
calculating design strength.

3.2.1.3 Design criteria — The design of
unreinforced masonry requires that the structure performs
elastically under design loads. The system response factors
used in the design of unreinforced masonry assume an
elastic response.

3.2.2 Flexure and axial strength of unreinforced
(plain) masonry members

3.2.2.1 Design assumptions — No Commentary.

3.2.2.2 Nominal strength — This section gives
requirements for constructing an interaction diagram for
unreinforced masonry members subjected to combined
flexure and axial loads. The requirements are illustrated in
Figure CC-3.2-1. Also shown in Figure CC-3.2-1 are the
requirements of Section 3.2.2.3, which give a maximum
axial force.

Axial Strength
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3.2.2.3 Nominal axial strength — Commentary
Section 3.3.4.1.1. gives additional information.

3.2.2.4 P-delta effects — P-delta effects are either
determined by a second-order analysis, which includes P-
delta effects, or a first-order analysis, which excludes P-delta
effects and the use of moment magnifier. The moment
magnifier is determined as:
C

S=—_—m
P

u

¢k P, euler

where ¢ is a stiffness reduction factor or a resistance factor
to account for variability in stiffness, C,, is a factor relating
the actual moment diagram to an equivalent uniform
moment diagram, and P, is Euler’s buckling load. For
reinforced concrete design, a value of ¢ = 0.75 is used™"".

Euler’s  buckling load is  obtained as
Py =7 E, A,r* | h* . Using E, =700f,, which is
the lower value of clay and concrete masonry, Euler’s
buckling load becomes:
7PE, A,r?

hz
77700/, A,r’
_—h2

P

euler —

83.1r]2
h

= Anf'm (

Axial strength limit, Section 3.2.2.3

Compression controlled:
Compression stress does not
exceed 0.80 f 7,

Tension controlled:
Tension stress does not exceed
modulus of rupture, Table 3.1.8.2

[
| o

Moment Strength

Figure CC-3.2-1 Interaction diagram for unreinforced masonry members
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Current design provisions calculate the axial strength
of walls with 4/+>99 as 4, f",, (70}’/}1)2 . Section 2.2.3.1

of the Commentary gives the background of this equation.
It is based on using E,=1000f",, neglecting the tensile
strength of the masonry, and considering an accidental
eccentricity of 0.10z. In spite of the fact that this equation
was developed using a higher modulus than in the current
code, the equation gives a strength of (70/83.1)’=0.71 of
Euler’s buckling load for clay masonry. The value of 0.71
is approximately the value of ¢, that has been used as a
stiffness reduction factor. For ease of use and because of
designer’s familiarity, a value of (70 » / k) is used for Euler’s
buckling load instead of an explicit stiffness reduction
factor. For most walls, C,, = 1. The moment magnifier can
thus be determined as:
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Figure CC-3.2-2 shows the ratio of the second-order
oM

U

Plt
stress, —-+
A

n n

, divided by the first-order stress,

P

M .
A“ +—*%, when the second-order stress is at the strength

n n

design limit ¢(O.8f ’m). Typically slenderness effects are

ignored if they contribute less than 5 percent’'2. From
Figure CC-3.2-2, slenderness effects contribute less than 5
percent for values of /4/r <45. An intermediate wall is
one with a slenderness 4/r greater than 45 but not greater
than 60. Slenderness effects contribute about 10 percent to
the design at 4/r = 60. Intermediate walls can be designed
using either the moment magnifier approach or a
simplified method in which the nominal stresses are
reduced by 10 percent. Tall walls are those with 4/ > 60

o= and must be designed using the moment magnifier
1- B approach.
2
A1 (Wj 3.2.3 Axial tension
h Commentary  Section 2.2.4  provides further
information.
1.4 ‘
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Figure CC-3.2-2 Ratio of second-order stress to first-order stress
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3.3 — Reinforced masonry

3.3.1 Scope

Reinforcement complements the high compressive
strength of masonry with high tensile strength. Increased
strength and greater ductility result from the use of
reinforcement in masonry structures.

3.3.2 Design assumptions
The design principles listed are those that traditionally
have been used for reinforced masonry members.

The values for the maximum usable strain are based
on research®'**!'* on masonry materials. Concern has been
raised as to the implied precision of the values. However,
the Committee agrees that the reported values for the
maximum usable strain reasonably represent those
observed during testing.

While tension may still develop in the masonry of a
reinforced element, it is not considered effective in
resisting design loads, but is considered to contribute to
the overall stiffness of a masonry element.

3.3.3 Reinforcement requirements and details

3.3.3.1 Reinforcing bar size limitations — The
limit of using a No. 9 (M #29) bar is motivated by the goal
of having a larger number of smaller diameter bars to
transfer stresses rather than a fewer number of larger
diameter bars. Some research investigations™'® have
concluded that in certain applications masonry reinforced
with more uniformly distributed smaller diameter bars
performs better than similarly configured masonry
elements using fewer larger diameter bars. While not every
investigation is conclusive, the Committee does agree that
incorporating larger diameter reinforcement may dictate
unreasonable cover distances or development lengths. The
limitations on clear spacing and percentage of cell area are
indirect methods of preventing problems associated with
over-reinforcing and grout consolidation. At sections
containing lap splices, the maximum area of reinforcement
should not exceed 8 percent of the cell area.

3.3.3.2 Standard hooks — Refer to Commentary
Section 1.15.5 for further information.

3.3.3.3 Development — The clear spacing
between adjacent reinforcement does not apply to the
reinforcing bars being spliced together. Refer to
Commentary 3.3.3.4 for further information.

3.3.3.3.1 If individual bars in noncontact lap
splices are too widely spaced, an unreinforced section is
created, which forces a potential crack to follow a zigzag
line. Lap splices may occur with the bars in adjacent grouted
cells if the requirements of this section are met.

3.3.3.3.2.1 The edge vertical bar is the last
reinforcing bar in walls without intersecting walls and is
the bar at the intersection of walls that intersect. Hooking
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the horizontal reinforcement around a vertical bar located
within the wall running parallel to the horizontal
reinforcement would cause the reinforcement to protrude
from the wall.

3.3.3.4 Splices — The required length of the lap
splice is based on developing a minimum reinforcing steel
stress of 1.25f,. This requirement provides adequate
strength while maintaining consistent requirements between
lap, mechanical, and welded splices. Historically, the length
of lap has been based on the bond stress that is capable of
being developed between the reinforcing steel and the
surrounding grout. Testing'> *1¢ 317318319 hag shown that
bond stress failure (or pull-out of the reinforcing steel) is
only one possible mode of failure for lap splices. Other
failure modes include rupture of the reinforcing steel and
longitudinal splitting of masonry along the length of the lap.
Experimental results of several independent research
programs™'> 216 317 318319 ere combined and analyzed to
provide insight into predicting the necessary lap lengths for
reinforcement splices in masonry construction.

To develop a reasonable design equation, multiple
regression analysis was used to find the form of a good
predictive model. The following equation resulted in the best

prediction of measured capacities of the tested splices™'”:

T.=-176240+3053/, + 252043@1,,2 +321.74 fry +33317¢,,
Where:

T, = predicted tensile strength of the splice, Ib (N);
I, = tested length of lap splice, in. (mm);

. = tested compressive strength of masonry,
psi (MPa); and

¢, = clear cover of structural reinforcement,
in. (mm).

The square of the Pearson product moment correlation
coefficient of this equation is 0.932, showing excellent
correlation between the measured and predicted strength
of the splices. Figure CC-3.3-1 graphically shows the
equation predictions compared to results of the individual
test programs.

Next, after replacing the predicted strength of the
splice with 1.254,f, (imposing the same requirement on
lap splices as required for mechanical and welded splices)
and solving for the resulting splice length, the following
equation is generated:

; 1.254, f, +17624.0-25204.3d;, —321.7y f,,, —3331.7¢,,
S 305.3

Since the form of this equation is impractical for
design applications, Code equation (3-16) was fitted to the
equation shown above.
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Multiple Linear Regression of Splice Capacities
Predicted Capacity = -17624.0 + 305.3 /, + 25204.3 d,2 + 321.7 (f )"2 + 3331.7 ¢,
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Figure CC-3.3-1 — Relationship between measured and predicted splice capacities

3.3.3.5 Maximum area of flexural tensile
reinforcement — Longitudinal reinforcement in flexural
members is limited to a maximum amount to ensure that
masonry compressive strains will not exceed ultimate
values. In other words, the compressive zone of the
member will not crush before the tensile reinforcement
develops the inelastic strain consistent with the curvature
ductility implied by the R value used in design.

For masonry components that are part of the lateral
force-resisting system, maximum reinforcement is limited
in accordance with a prescribed strain distribution based
on a tensile strain equal to a factor times the yield strain
for the reinforcing bar closest to the edge of the member,
and a maximum masonry compressive strain equal to
0.0025 for concrete masonry or 0.0035 for clay-unit
masonry. By limiting longitudinal reinforcement in this
manner, inelastic curvature capacity is directly related to
the strain gradient.

The tensile strain factor varies in accordance with the
amount of curvature ductility expected, and ranges from
1.5 to 4 for specially reinforced masonry shear walls.
Expected curvature ductility, controlled by the factor on
tensile yield strain, is assumed to be associated directly
with the displacement ductility, or the value of C, as given
for the type of component. For example, a strain factor of
3 for intermediate reinforced masonry shear walls
corresponds to the slightly smaller C, factor of 2.5, and a

strain factor of 4 for specially reinforced walls corresponds
to the slightly smaller C; factor of 3.5.

The maximum reinforcement is determined by
considering the prescribed strain distribution, determining
the corresponding stress and force distribution, and using
statics to sum axial forces. For example, consider a solidly
grouted shear wall subjected to in-plane loads with
uniformly  distributed reinforcement. The  strain
distribution is shown Figure CC-3.3-2, where g, is the
yield strain and « is a tension reinforcement strain factor
(3 for intermediate reinforced shear walls, 4 for special
reinforced shear walls, and 1.5 for other masonry
elements). The masonry force, C,,, the steel tension force,
Ty, and the steel compression force, Cy, are determined as:

C, =08/ |08—m g |b

v

Epy TAE,
as ag, —¢& 1\ €
T, = f,4, ¥ y_Cy +(_J ¥
Epy TAE, ag, 2)ae,

Cs = fyAs

Emu € mu _gy +[1] g)’
Emu +O.’€y Emu 2 Emu

By statics, P = C; + C,, -T;, where:
P=D+0.75L +0.5250¢.
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The maximum area of reinforement per unit length of
wall is determined as:

0.647" b —m | P

A, Egy TQE, | d,
d, as, =€y,
L
Epy +0E,

For a solidly grouted member with only tension
reinforcement, the maximum reinforcement is:

0.6477 —Em__|_ P
Egy tag, | bd

A\'
p:—‘:
bd f
og
y
€
y
Strain Emy
f, 0.8f,
1& A A A ﬂk ﬂk 1
Steel in tension \
fy
Stress Steel in
compression

Figure CC-3.3-2 — Prescribed strain distribution and
corresponding stress distribution.

If there is compression steel with an area equal to the
tension reinforcement, A, , the maximum reinforcement is:

&

0.64f, | —— _r
Egy TQE, | bd

'

fy —min{gmu —%(gmu +agy), gy}Es

where d’is the distance from the extreme compression
fiber to the centroid of the compression reinforcement.

For partially grouted cross-sections subjected to
out-of-plane loads, the maximum reinforcement is
determined based on a solidly grouted member with
tension steel only, provided that the neutral axis is in the
flange. If the neutral axis is in the web, the maximum
reinforcement is determined as:
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S
b b—b
0.64f1 | Fmu (WJ+O.80]',,'1 ¢ f{ W] r
Egy T, b bd bd
p =

where b,, is the width of the compression section minus the
sum of the length of ungrouted cells, and #; is the specified
face-shell thickness for hollow masonry units.

Because axial force is implicitly considered in the
determination of maximum longitudinal reinforcement,
inelastic curvature capacity can be relied on no matter
what the level of axial compressive force. Thus, the
strength-reduction factors, ¢, for axial load and flexure can be
the same as for flexure alone. Also, confinement
reinforcement is not required because the maximum masonry
compressive strain will be less than ultimate values.

The axial force is the expected load at the time of the
design earthquake. It is derived from ASCE 7 Allowable
Stress Load Combination 6 and consideration of the
horizontal component of the seismic loading.The vertical
component of the earthquake load, E,, should not be
included in calculating the axial force for purposes of
determining maximum area of flexural tensile
reinforcement.

For structures expected to respond inelastically, the
masonry compressive force is estimated using a
rectangular stress block defined with parameters based on
research carried out through the Technical Coordinating
Committee for Masonry Research (TCCMaR). For
structures intended to undergo significant inelastic
response, Sections 3.3.3.5.1, 3.3.3.5.2 and 3.3.3.5.3 are
technically sound ways of achieving the design objective
of inelastic deformation capacity. They are, however,
unnecessarily restrictive for those structures not required
to undergo significant inelastic deformation under the
design earthquake and Section 3.3.3.5.4 addresses a
relaxation of the maximum reinforcement limits.

For further discussion, see Reference 3.10, Report Nos.
3.1(a)-2, 3.1(¢)-1, 3.1(¢c)-2, 4.1.-1, 4.1-2, and 9.2-4.

3.3.3.6 Bundling of reinforcing bars — This
requirement stems from the lack of research on masonry
with bundled bars.
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3.3.4  Design of beams, piers, and columns
3.3.4.1 Nominal strength

3.3.4.1.1 Nominal axial and flexural
strength — The nominal flexural strength of a member
may be calculated using the assumption of an equivalent
rectangular stress block as outlined in Section 3.3.2.
Commentary Section 2.2.3 gives further information
regarding slenderness effects on axial load strength as
taken into account with the use of Eq. (3-17) and Eq.
(3-18). Eq. (3-17) and Eq. (3-18) apply to simply
supported end conditions and transverse loading which
results in a symmetric deflection (curvature) about the
midheight of the element, if present. Where other support
conditions or loading scenarios are known to exist, Eq.
(3-17) and Eq. (3-18) should be modified accordingly to
account for the effective height of the element or shape of
the bending moment diagram over the clear span of the
element. The weak-axis radius of gyration should be used
in calculating slenderness-dependent reduction factors.
The first coefficient, 0.80, in Eq. (3-17) and Eq. (3-18)
accounts for unavoidable minimum eccentricity in the
axial load.

3.3.4.1.2 Nominal shear strength — The
limitations on maximum nominal shear strength are included
to preclude critical (brittle) shear-related failures.

3.3.4.1.2.1 Nominal masonry shear
strength — Eq. (3-22) is empirically derived from
research.’

3.34.1.22 No Commentary

3.3.4.1.2.3 Nominal shear strength

provided by reinforcement — Eq. (3-23) is empirically
derived from research.>'°

3.3.4.2 Beams — This section applies to the
design of lintels and beams.

3.3.4.2.1 No Commentary.

3.3.4.2.2 Longitudinal reinforcement

3.3.4.2.2.1 Restricting the variation of
bar sizes in a beam is included to increase the depth of the
member compression zone and to increase member
ductility. When incorporating two bars of significantly
different sizes in a single beam, the larger bar requires a
much higher load to reach yield strain, in effect
“stiffening” the beam.

3.3.4.2.2.2 The requirement that the
nominal flexural strength of a beam not be less than 1.3
multiplied by the nominal cracking moment is imposed to
prevent brittle failures. This situation may occur where a
beam is so lightly reinforced that the bending moment
required to cause yielding of the reinforcement is less than
the bending moment required to cause cracking.

3.3.4.2.2.3 This exception provides
sufficient additional reinforcement in members in which the
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amount of reinforcement required by Section 3.3.4.2.2.2
would be excessive.

3.3.4.2.3 Transverse reinforcement — Beams
recognized in this section of the Code are often designed to
resist only shear forces due to gravity loads. Flexural
elements that are controlled by high seismic forces and lateral
drift should be designed as ductile elements.

(a) Although some concerns have been raised
regarding the difficulty in constructing beams containing a
single bar stirrup, the Committee feels such spacing
limitations within beams inhibits the construction of
necessary lap lengths required for two-bar stirrups.
Furthermore, the added volume of reinforcing steel as a
result of lap splicing stirrups may prevent adequate
consolidation of the grout.

(b) The requirement that shear reinforcement be
hooked around the longitudinal reinforcement not only
facilitates construction but also confines the longitudinal
reinforcement and helps ensure the development of the
shear reinforcement.

(¢) A minimum area of transverse reinforcement is
established to prevent brittle shear failures.

(d) Although different codes contain different
spacing requirements for the placement of transverse
reinforcement, the Committee has conservatively
established this requirement.

() The reinforcement requirements of this section
establish limitations on the spacing and placement of steel
in order to increase member ductility.

3.3.4.2.4 Construction — Although beams
can physically be constructed of partially grouted
masonry, the lack of research supporting the performance
of partially grouted beams combined with the increased
probability of brittle failure dictates this requirement.

3.3.4.2.5 Dimensional limits — Insufficient
research has been conducted on beams of nominal depth
less than 8 in. (203 mm).

3.3.4.3 Piers
3.343.1 Due to the less severe
requirements imposed for the design of piers with respect
to similar requirements for columns, the maximum axial
force is arbitrarily limited to a relatively lower value.

3.3.4.3.2 Longitudinal reinforcement —
These provisions are predominantly seismic-related and
are intended to provide the greatest ductility for the least
cost. Pier elements not subject to in-plane stress reversals
are not required to comply with this section.

3.3.4.3.3 Dimensional limits — Judgment-
based dimensional limits are established for pier elements
to distinguish their design from walls and to prevent local
instability or buckling modes.
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3.3.4.4 Columns
3.3.4.4.1 Construction — No Commentary.

3.3.4.4.2 Dimensional limits — These
limitations are judgment-based. They are intended to
prevent local instability or buckling modes.

3.3.5 Wall design for out-of-plane loads
3.3.5.1 Scope — No Commentary.

3.3.5.2 Moment and deflection calculations —
The provisions of this section are derived from results of
tests on simply supported specimens. Because the
maximum bending moment and deflection occur near the
mid-height of those specimens, this section includes only
design equations for that condition. When actual
conditions are not simple supports, the curvature of a wall
under out-of-plane lateral loading will be different than
that assumed by these equations. Using the principles of
mechanics, the points of inflection can be determined and
actual moments and deflections can be calculated under
different support conditions. The designer should examine
all moment and deflection conditions to locate the critical
section using the assumptions outlined in Section 3.3.5.

3.3.53 Walls with factored axial stress of 0.20f 7,
or less — The criterion to limit vertical load on a cross
section was included because the slender wall design method
was based on data from testing with typical roof loads. For
slenderness ratios greater than 30, there is an additional
limitation on the axial stress. There are currently no strength
design provisions for axial stress greater than 0.20 £/,

The required moment due to lateral loads, eccentricity
of axial load, and lateral deformations are assumed
maximum at mid-height of the wall. In certain design
conditions, such as large eccentricities acting
simultaneously with small lateral loads, the design
maximum moment may occur elsewhere. When this
occurs, the designer should use the maximum moment at
the critical section rather than the moment determined
from Eq. (3-25).

The design formulas provide procedures for
determining the nominal moment strength. These formulas
take into account the effect of vertical loads in increasing
the flexural strength of the section.

3.3.5.4 Deflections — Historically, the
recommendation has been to limit the service load
deflection to 0.014. The committee has chosen a more
stringent value of 0.0074.

The Code limits the lateral deflection under service
loads. A wall loaded in this range returns to its original
vertical position when the lateral load is removed, because
the stress in the reinforcement is within its elastic limit.
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Eq. (3-31) is for mid-height deflection for an uncracked
section, and Eq. (3-32) is for mid-height deflection for a
cracked section. A wall is assumed to deflect as an
uncracked section until the modulus of rupture is reached,
after which it is assumed to deflect as a cracked section. The
cracked moment of inertia is conservatively assumed to
apply over the entire height of the wall. The cracked
moment of inertia, /., for a solid grouted or partially
grouted cross section is usually the same as that for a hollow
section since the compression stress block is generally
within the thickness of the face shell.

These formulas represent good approximations to test
results, assuming that the wall is simply supported top and
bottom, and is subjected to a uniformly distributed lateral
load. If the wall is fixed at top, bottom, or both, other
formulas should be developed considering the support
conditions at the top or bottom and considering the
possible deflection or rotation of the foundation, roof, or
floor diaphragm.

The cracking moment, M,,, is the calculated moment
corresponding to first cracking. The cracking moment was
previously given in the Code as the section modulus
multiplied by the modulus of rupture. The Code has been
changed so it is now permissible to include the applied axial
force in the calculation of the cracking moment.

3.3.6  Wall design for in-plane loads
3.3.6.1 — 3.3.6.4 — No Commentary.

3.3.6.5 The maximum reinforcement requirements
of Section 3.3.3.5 are intended to ensure that an
intermediate or a special reinforced masonry shear wall
has sufficient inelastic deformation capacity under the
design-basis earthquake of ASCE 7 or the model building
codes. Inelastic deformability is the ability of a structure or
structural element to continue to sustain gravity loads as it
deforms laterally under earthquake (or some other type of)
excitation beyond the stage where the response of the
structure or the structural element to that excitation is
elastic (that is, associated with no residual displacement or
damage). In the alternative shear wall design approach
given in Sections 3.3.6.5.1 through 3.3.6.5.5, such
inelastic deformability is sought to be ensured by means of
specially confined boundary elements, making it
unnecessary to comply with the maximum reinforcement
requirements. These requirements are therefore waived.

3.3.6.5.1 This subsection sets up some
“screens” with the expectation that many, if not most,
shear walls will go through the screens, in which case no
special boundary elements would be required. This will be
the case when a shear wall is lightly axially loaded and it
is either short or is moderate in height and is subject to
only moderate shear stresses.
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The threshold values are adapted from the design
procedure for special reinforced concrete shear walls in the
1997 Uniform Building Code (UBC). In the early 1990s,
when this procedure of the 1997 UBC was first being
developed, an ad hoc subcommittee within the Seismology
Committee of the Structural Engineers Association of
California had limited, unpublished parametric studies done,
showing that a reinforced concrete shear wall passing
through the “screens” could not develop sufficiently high
compressive strains in the concrete to warrant special
confinement. In the case of masonry, strains requiring
special confinement would be values exceeding the
maximum usable strains of Section 3.3.2 (c).

3.3.6.5.2 Two approaches for evaluating
detailing requirements at wall boundaries are included in
Section 3.3.6.5.2. Section 3.3.6.5.3 allows the use of
displacement-based design of walls, in which the structural
details are determined directly on the basis of the expected
lateral displacements of the wall under the design-basis
earthquake. This approach was first introduced in ACI
318-99 for the design of special reinforced concrete shear
walls. The provisions of Section 3.3.6.5.4 are similar to
those of 1995 and earlier editions of ACI 318 (retained in
ACI 318-99 and 318-02), and have been included because
they are conservative for assessing required transverse
reinforcement at wall boundaries for many walls. The
requirements of Section 3.3.6.5.5 apply to shear walls
designed by either Section 3.3.6.5.3 or 3.3.6.5.4.

3.3.6.5.3 Section 3.3.6.5.3 is based on the
assumption that inelastic response of the wall is dominated by
flexural action at a critical, yielding section — typically at the
base. The wall should be proportioned so that the critical
section occurs where intended (at the base).

(a) The following explanation, including Figure
C(C-3.3-3, is adapted from a paper by Wallace®”’, which
provides background to the design provisions for special
reinforced shear walls of ACI 318-99 (retained unchanged
in ACI 318-05). The relationship between the wall top
displacement and wall curvature for a wall of uniform cross-
section with a single critical section at the base is presented
in Figure CC-3.3-3. The ACI 318 provisions as well as the
provisions of this Code are based on a simplified version of
the model presented in Figure CC-3.3-3(a). The simplified
model, shown in Figure CC-3.3-3(b), neglects the
contribution of elastic deformations to the top displacement,
and moves the center of the plastic hinge to the base of the
wall. Based on the model of Figure CC-3.3-3, the
relationship between the top displacement and the curvature
at the base of the wall is:

A
Cdéne = thw = (¢u7\‘p )hw = (¢u Tthw (l)

assuming that A, =2, /2, as is permitted to be
assumed by the 1997 UBC,
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where ¢, = ultimate curvature, and

6, = plastic rotation at the base of the wall.

If at the stage where the top deflection of the wall is
0., the extreme fiber compressive strain at the critical
section at the base does not exceed ¢,,, no special
confinement would be required anywhere in the wall.
Figure CC-3.3-4 illustrates such a strain distribution at the
critical section. The neutral axis depth corresponding to
this strain distribution is c¢., and the corresponding
ultimate curvature is ¢, =&, / ¢, . From Eq. (1),

A
Cd 5ne = (gmu _WJ hw (23)
cr 2
or, ¢, ~fm v (2b)
2 (Cdgne /hw)

It follows from the above (see Figure CC-3.3-4) that
special detailing would be required if:

SEm My 0003 R,
2 (Cyd,lhy,) 2 (Cyd,,/h,)
A, A

T 667(Cy5,, /h,)  600(C,5, /h,)

w

because if the neutral axis depth exceeded the critical
value, the extreme fiber compressive strain would exceed
the maximum usable strain ¢,,. For purposes of this
derivation, and to avoid having separate sets of drift-
related requirements for clay and concrete masonry, a
single useful strain of 0.003 is used, representing an
average of the design values of 0.0025 for concrete
masonry and 0.0035 for clay masonry. In ACI 318-99, the
term (C,0,,/h, ) must equal or exceed 0.007. According
to Wallace>?°, “This lower limit on the mean drift ratio is
included to ensure that walls controlled by flexure have
modest deformation capacities, as well as to guard against
modeling errors that might underestimate the design
displacement.” This lower limit on (C,d,,/h,,) has not

been adopted for reinforced masonry walls because:

ne

e 0.007 is arbitrary and appears to be too high for a
system with a maximum drift of 0.01;

e 1997 UBC concrete provisions do not include this
requirement; and

e many designs are already stiff, since masonry has
never had boundary elements. Furthermore, stiffening the
structure is a reasonable design alternative that should not be
precluded (or limited). Further background related to
concrete masonry shear walls is provided in References
3.21,3.22,and 3.23.
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Figure CC-3.3-4 —Strain distribution at critical section

(b) Where special detailing is required at the wall
boundary, it must be extended vertically a distance not less
than the larger of /,, and M, /4V, from the critical section.
These lengths, also specified in ACI 318-99, where
intended to be an upper-bound estimate of the plastic
hinge length for special  reinforced concrete shear walls.
The same lengths have been adopted for intermediate and
special masonry shear walls.

3.3.6.5.4 A stress-based approach was
included in ACI 318-99 to address wall configurations to
which the application of displacement-based approach is
not appropriate (for example, walls with openings, walls
with setbacks, walls not controlled by flexure).
Maintaining the stress-based approach also provided
continuity between ACI 318-99 and earlier editions of ACI
318; however, modifications were introduced to address
major shortcomings of the design approach in pre-1999
editions of ACI 318.

The stress limit at which special detailing is required
at the boundaries of reinforced concrete shear walls was
left unchanged in ACI 318-99 at 0.2 '/, a value carried
over from prior editions of the Code. The special detailing,
where required, must be extended over the height of the
wall from the critical section until the calculated stress
drops below 0.15 f%, once again the same value as in
prior editions of ACI 318.

A major difference between ACI 318-99 and prior
editions of ACI 318 is in the way a shear wall requiring
specially detailed boundary elements is to be designed for
flexure and axial loads. ACI 318-95 required that the
boundary elements be designed to resist (as short columns)
the tributary gravity load plus the compressive resultant
associated with the overturning moment at the base of the
wall (both taken at factored values). The application of this
requirement typically resulted in safe boundary elements
containing high percentages of reinforcement, resulting in
a substantial increase in wall flexural strength.
Constructability suffered as a result, but more importantly,
brittle shear failure preceding ductile flexural failure
became more likely, because walls having excessive
flexural strength would draw larger shear forces in an
earthquake event, and the Code did not require shear
strength to be increased proportionally with the increase in
flexural strength. ACI 318-99 does not require the
boundary elements to resist the entire P, and M, even
when the stress-based approach is used. In fact, a shear
wall is designed in exactly the same way for flexure and
axial load, irrespective of whether the displacement-based
approach or the stress-based approach is used to trigger
special boundary elements.
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The Code has adopted the stress-based triggers of ACI
318-99 for cases where the displacement-based approach
is not applicable, simply changing the threshold values of
0.2 1% to 0.15 f, for reinforced concrete walls to 0.2 /7,
to 0.15f7,, respectively, for reinforced masonry walls.
Other aspects of the ACI 318-99 approach are retained.
Design for flexure and axial loads does not change
depending on whether the neutral axis-based trigger or the
stress-based trigger is used.

3.3.6.5.5 Unlike in the case of concrete,
where prescriptive detailing requirements for the specially
confined boundary element are given in ACI 318-99, this
Code requires that testing be done to verify that the detailing
provided shall be capable of developing a strain capacity in
the boundary element that would be in excess of the
maximum imposed strain. It is hoped that reasonably
extensive tests will be conducted in the near future, leading
to the development of prescriptive detailing requirements for
specially confined boundary elements of intermediate as
well as special reinforced masonry shear walls.

(a) Figure CC-3.3-4 shows that when the neutral axis
depth ¢ exceeds the critical neutral axis depth c.., the
extreme compression fiber strain in the masonry reaches a
value ¢, in excess of the maximum usable strain ¢,,,. The
corresponding ultimate curvature ¢ is &, / c. Based on the
model of Figure CC-3.3-3(b),

Epm M
Cdé‘ne = thw = (¢u}\‘p )hw = (%%jhw 3

From Eq. (3):

Cd5 C
= —4ne | _—_ 4
Emm [ " J(MJ “4)

The wall length over which the strains exceed the
limiting value of ¢,,, denoted as ¢, can be determined
using similar triangles from Figure CC-3.3-4:

cﬂ — C(l _ gmu J (5)
gmm

An expression for the required length of confinement
can be developed by combining Egs. (2) and (3):

C_” _ i _ (gmu /2) (6)
- A (Cdgne /hw)

w w
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The term c¢/A,, in Eq. (4) accounts for the influence

of material properties (f 7, f,), axial load, geometry, and
quantities and distribution of reinforcement, whereas the
term (s, /2)/(C;8,,/h, )accounts for the influence of

mu ne
system response (roof displacement) and the maximum

usable strain of masonry.

The wall length over which special transverse
reinforcement must be provided is based on Eq. (6), with a
value of C,0,,/h,, =0.015:

e (0003/2) e e o
A A 0.015 A 2

w w w

The value of C;J,,/h, was selected to provide an

upper-bound estimate of the mean drift ratio of typical
shear wall buildings constructed in the United States of
America’®. Thus, the length of the wall that must be
confined is conservative for many buildings. The value of
¢/2 represents a minimum length of confinement, is
adopted from ACI 318-99, and is arbitrary.

(b) This requirement originated in the 1997 UBC and
has been carried over into ACI 318-99 and -02. Where
flanges are heavily stressed in compression, the web-to-
flange interface is likely to be heavily stressed and may
sustain local crushing failure unless special boundary
element reinforcement extends into the web.

(c) The same extension is required for special
boundary element transverse reinforcement in special
reinforced concrete shear walls and for special transverse
reinforcement in reinforced concrete columns supporting
reactions from discontinued stiff members in buildings
assigned to high seismic design categories.

(d) Because horizontal reinforcement is likely to act
as web reinforcement in walls requiring boundary
elements, it needs to be fully anchored in boundary
elements that act as flanges. According to the Commentary
to ACI 318, achievement of this anchorage is difficult
when large transverse cracks occur in the boundary
elements. That Commentary recommends the use of
standard 90-degree hooks or mechanical anchorage
schemes, instead of straight bar development.
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CHAPTER 4
PRESTRESSED MASONRY

4.1 — General

4.1.1 Scope

Prestressing forces are used in masonry walls to
reduce or eliminate tensile stresses due to externally
applied loads by using controlled precompression. The
precompression is generated by prestressing tendons,
either bars, wires, or strands, that are contained in
openings in the masonry, which may be grouted. The
prestressing tendons can be pre-tensioned (stressed against
external abutments prior to placing the masonry), or post-
tensioned (stressed against the masonry after it has been
placed). Since most research and applications to date have
focused on walls, the chapter applies only to walls, not
columns, beams, nor lintels. (Provisions for columns,
beams, and lintels will be developed in future editions of
the Code.)

Most construction applications to date have involved
post-tensioned, ungrouted masonry for its ease of
construction and overall economy. Consequently, these
code provisions primarily focus on post-tensioned
masonry. Although not very common, pre-tensioning has
been used to construct prefabricated masonry panels. A
more detailed review of prestressed masonry systems and
applications is given elsewhere*'.

Throughout this Code and Specification, references to
“reinforcement” apply to non-prestressed reinforcement.
These references do not apply to prestressing tendons,
except as explicitly noted in Chapter 4. Requirements for
prestressing tendons use the terms “prestressing tendon” or
“tendon.” The provisions of Chapter 4 do not require a
mandatory quantity of reinforcement or bonded
prestressing tendons for prestressed masonry walls.

Anchorage forces are distributed within a wall similar
to the way in which concentrated loads are distributed (as
described in Section 1.9.7; see Figure CC-1.9-7).
However, research®** has indicated that prestress losses
can distribute to adjacent tendons as far laterally from the
anchorage as the height of the wall.

4.2 — Design methods

Originally, prestressed masonry was designed using
allowable stress design with a moment strength check for
walls with laterally restrained tendons. The British code
for prestressed masonry*> ** and extensive research on the
behavior of prestressed masonry were considered.
Summaries of prestressed masonry research and proposed
design criteria are available in the literature®* - **, Design
methods are now based upon strength provisions with
serviceability checks.

Often, a masonry wall is prestressed prior to 28 days
after construction. The specified compressive strength of
the masonry at the time of prestressing (f ',; ) is used to
determine allowable prestressing levels. This strength will
likely be a fraction of the 28-day specified compressive
strength. Assessment of masonry compressive strength
immediately before the transfer of prestress should be by
testing of masonry prisms or by a record of strength gain
over time of masonry prisms constructed of similar
masonry units, mortar, and grout, when subjected to
similar curing conditions.

4.3 — Permissible stresses in prestressing tendons

Allowable, prestressing-tendon stresses are based on
criteria established for prestressed concrete*’. Allowable,
prestressing-tendon stresses are for jacking forces and for
the state of stress in the prestressing tendon immediately
after the prestressing has been applied, or transferred, to
the masonry. When computing the prestressing-tendon
stress immediately after transfer of prestress, consider all
sources of short term prestress losses. These sources
include such items as anchorage seating loss, elastic
shortening of masonry, and friction losses.

4.3.1 — 4.3.3 — No additional Commentary.

4.3.4 Effective prestress

The state of stress in a prestressed masonry wall must
be checked for each stage of loading. For each loading
condition, the effective level of prestress should be used in
the computation of stresses and wall strength. Effective
prestress is not a fixed quantity over time. Research on the
loss and gain of prestress in prestressed masonry is
extensive and includes testing of time-dependent
phenomena such as creep, shrinkage, moisture expansion,
and prestressing-tendon stress relaxation®'?~*3,

Instantaneous deformation of masonry due to the
application of prestress may be computed by the modulus of
elasticity of masonry given in Section 1.8.2. Creep, shrinkage,
and moisture expansion of masonry may be computed by the
coefficients given in Section 1.8. Change in effective prestress
due to elastic deformation, creep, shrinkage, and moisture
expansion should be based on relative modulus of elasticity of
masonry and prestressing steel.

The stressing operation and relative placement of
prestressing tendons should be considered in calculating
losses. Elastic shortening during post-tensioning can
reduce the stress in adjacent tendons that have already
been stressed. Consequently, elastic shortening of the wall
should be calculated considering the incremental
application of post-tensioning. That elastic shortening
should then be used to estimate the total loss of prestress.
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Alternatively, post-tensioning tendons can be prestressed
to compensate for the elastic shortening caused by the
incremental stressing operation.

Prestressing steel that is stressed to a large fraction of
its yield stress and held at a constant strain will relax,
requiring less stress to maintain a constant strain. The
phenomenon of stress relaxation is associated with plastic
deformation and its magnitude increases with steel stress
as a fraction of steel strength. ASTM A416, A421, and
A7224M% 415 410 restressing steels are stabilized for low
relaxation losses during production. Other steel types that
do not have this stabilization treatment may exhibit
considerably higher relaxation losses. Their relaxation
losses must be carefully assessed by testing. The loss of
effective prestress due to stress relaxation of the
prestressing tendon is dependent upon the level of
prestress,  which  changes with time-dependent
phenomenon such as creep, shrinkage, and moisture
expansion of the masonry. An appropriate formula for
predicting prestress loss due to relaxation has been
developed*'" —*!*. Alternately, direct addition of the steel
stress-relaxation value provided by the manufacturer can
be used to compute prestress losses and gains.

Friction losses are minimal or nonexistent for most
post-tensioned masonry applications, because prestressing
tendons are usually straight and contained in cavities. For
anchorage losses, manufacturers' information should be
used to compute prestress losses. Changes in prestress due
to thermal fluctuations may be neglected if masonry is
prestressed with high-strength prestressing steels. Loss of
prestressing should be calculated for each design to
determine effective prestress. Calculations should be based
on the particular construction materials and methods as
well as the climate and environmental conditions.
Committee experience, research, and field experience with
post-tensioned wall designs from Switzerland, Great
Britain, Australia, and New Zealand has indicated that
prestress losses are expected to be in the following
I,anges4,22, 424-4,26:

(a) Initial loss after jacking —5% to 10%
J g

(b) Total losses after long-term service for concrete
masonry — 30% to 35%

(c) Total losses after long-term service for clay
masonry — 20% to 25%

The values in (b) and (c) include both the short-term
and long-term losses expected for post-tensioning. The
Committee believes these ranges provide reasonable
estimates for typical wall applications, unless calculations,
experience, or construction techniques indicate different
losses are expected.

MANUAL OF CONCRETE PRACTICE

4.4 — Axial compression and flexure

4.4.1 General

The requirements for prestressed masonry walls subjected to
axial compression and flexure are separated into those with
laterally unrestrained prestressing tendons and those with laterally
restrained prestressing tendons. This separation was necessary
because the flexural behavior of a prestressed masonry wall
significantly depends upon the lateral restraint of the prestressing
tendon. Lateral restraint of a prestressing tendon is typically
provided by grouting the cell or void containing the tendon
before or after transfer of prestressing force to the masonry.
Alternatively, lateral restraint may be provided by building the
masonry into contact with the tendon or the protective sheathing
of the tendon at periodic intervals along the length of the
prestressing tendon.

Allowable compressive stresses for prestressed
masonry address two distinct loading stages; stresses
immediately after transfer of prestressing force to the
masonry wall and stresses after all prestress losses and
gains have taken place. The magnitude of allowable axial
compressive stress and bending compressive stress after all
prestress losses and gains are consistent with those for
unreinforced and reinforced masonry in Sections 2.2 and
2.3, respectively. Immediately after transfer of
prestressing, allowable compressive stresses and applied
axial load should be based upon f /,; and may be increased
by 20 percent. This means that the factors of safety at the
time of the transfer of prestress may be lower than those
after prestress losses and gains occur. The first reason for
this is that the effective precompression stress at the time
of transfer of prestressing almost certainly decreases over
time and masonry compressive strength most likely
increases over time. Second, loads at the time of transfer
of prestressing, namely prestress force and dead loads, are
known more precisely than loads throughout the remainder
of service life.

Cracking of prestressed masonry under permanent
loads is to be avoided. The prestressing force and the dead
weight of the wall are permanent loads. Cracking under
permanent loading conditions is not desirable due to the
potential for significant water penetration, which may
precipitate corrosion of the prestressing tendons and
accessories and damage to interior finishes. Masonry
provides a significant flexural tensile resistance to
cracking, as reflected by the allowable flexural tensile
stress values stated in Section 2.2. Consequently,
elimination of tensile stress under prestressing force and
dead loads alone is a conservative measure, but one the
committee deemed reasonable and reflective of current
practice for prestressed masonry members.
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4.4.2 Service load requirements

Since masonry walls with laterally unrestrained
prestressing tendons are equivalent to masonry walls
subjected to applied axial loads, the design approach for
unreinforced masonry in Section 2.2 has been adopted for
convenience and consistency. Buckling of masonry walls
under prestressing force must be avoided for walls with
laterally — unrestrained  prestressing tendons. The
prestressing force, P, is to be added to the design axial
load, P, for stress and load computations and in the
computation of the eccentricity of the axial resultant, e.

Lateral restraint of a prestressing tendon is typically
provided by grouting the cell or void containing the tendon
before or after transfer of prestressing force to the
masonry. Alternatively, lateral restraint may be provided
by building the masonry into contact with the tendon or
the tendon’s protective sheath at periodic intervals along
the length of the prestressing tendon. In general, three
intermediate contacts within a laterally unsupported wall
length or height can be considered to provide full lateral
support of the tendon.

Prestressed masonry walls with laterally restrained
prestressing tendons require a modified design approach
from the criteria in Section 2.2. If the prestressing tendon
is laterally restrained, the wall cannot buckle under its own
prestressing force. Any tendency to buckle under
prestressing force induces a lateral deformation that is
resisted by an equal and opposite restraining force
provided by the prestressing tendon. Such walls are
susceptible to buckling under axial loads other than
prestressing, however, and this loading condition must be
checked.*!” For this condition, with both concentrically
and eccentrically prestressed masonry walls, the
prestressing force must be considered in the computation
of the eccentricity of this axial resultant, e, in Eq. (2-18) of
the Code. The flexural stress induced by eccentric
prestressing causes an increase or decrease in the axial
buckling load, depending upon the location and magnitude
of the applied axial load relative to the prestressing force.

4.4.3 Strength requirements

Computation of the moment strength of prestressed
masonry walls is similar to the method for prestressed
concrete.*” For bonded tendons, the simplification of taking
the tendon stress at nominal moment strength equal to the
yield stress can be more conservative for bars than for
strands because the yield stress of a prestressing bar is a
smaller percentage of the ultimate strength of the tendon.

The response modification coefficient (R) and
deflection amplification factor (C,) used for unreinforced
masonry are also used in the design of prestressed
masonry. This requirement ensures that the structural
response of prestressed masonry structures, designed in
accordance with these provisions, will essentially remain
in the elastic range. When more experimental and field

CC-73

data are available on the ductility of both unbonded and
bonded systems, R and C, factors can be reviewed.

The equations for the unbonded prestressing tendon
stress, f,s, at the moment strength condition (Eq. 4-3 and
4-4) are based on tests of prestressed masonry walls,
which were primarily loaded out-of-plane. Equation (4-3)
is used for calculating tendon stress at nominal moment
capacity for members loaded out-of-plane and which
contain laterally restrained tendons. Equation (4-4) is
provided for calculating stresses at moment strength for
unbonded, unrestrained tendons, when the wall is loaded
out-of-plane. These equations provide improved estimates
of the tendon stresses at ultimate capacity over previous
equations in the Code****?'.

The equation for the nominal moment strength, M, , is
for the general case of a masonry wall with concentrically
applied axial load and concentric tendons and
reinforcement. This is representative of most prestressed
masonry applications to date. For other conditions, the
designer should refer to first principles of structural
mechanics to determine the nominal moment strength of
the wall.

The depth of the equivalent compression stress block
must be determined with consideration of the cross section
of the wall, the tensile resistance of tendons and
reinforcement, and the factored design axial load, P, . P, is
an additive quantity in Code Egqs. (4-1) and (4-2).
Prestressing adds to the resistance for ultimate strength
evaluations and is used with a load factor of 1.0. Equation
(4-1) defining the depth of the equivalent compression
stress block, a, is modified to match the value for the
equivalent uniform stress parameter specified in Chapter 3
(Strength Design of Masonry) of the Code (0.80f 7). A
review of existing tests of post-tensioned masonry walls
indicates that the flexural strength of the walls is more
accurately calculated using uniform stresses smaller than
the value specified in Chapter 4 in previous editions of the
Code (0.85 f )+ 421,

The ratio, a/d, must be less than 0.425 to promote
ductile performance in flexure. This limitation is intended
to ensure significant yielding of the prestressing tendons
prior to masonry compression failure. In such a situation,
the nominal moment strength is determined by the strength
of the prestressing tendon, which is the basis for a
strength-reduction factor equal to 0.8.

4.5 — Axial tension

The axial tensile strength of masonry in a prestressed
masonry wall is to be neglected, which is a conservative
measure. This requirement is consistent with that of
Section 2.3. If axial tension develops, for example due to
wind uplift on the roof structure, the axial tension must be
resisted by reinforcement, tendons, or both.




CC-74

4.6 — Shear

This section applies to both in-plane and out-of-plane
shear.

The shear capacity of prestressed walls is calculated
using the provisions of the Chapter 3. Calculation of shear
capacity is dictated by the presence or absence of bonded
mild reinforcement. While the MSJC acknowledges that
prestressed masonry walls are reinforced, for walls without
bonded mild reinforcement, the unreinforced (plain)
masonry shear provisions of Chapter 3 are used to
calculate shear capacity. When bonded mild reinforcement
is provided, then the reinforced masonry shear provisions
of Chapter 3 are used to calculate shear capacity.

No shear strength enhancement due to arching action
of the masonry is recognized in this Code for prestressed
masonry walls. The formation of compression struts and
tension ties in prestressed masonry is possible, but this
phenomenon has not been considered.

4.7 — Deflection

In accordance with Chapter 1, prestressed masonry
wall deflection should be computed based on uncracked
section properties. Computation of wall deflection must
include the effect of time-dependent phenomenon such as
creep and shrinkage of masonry and relaxation of
prestressing tendons. There are no limits for the out-of-
plane deflection of prestressed masonry walls. This is
because appropriate out-of-plane deflection limits are
project-specific. The designer should consider the
potential for damage to interior finishes, and should limit
deflections accordingly.

4.8 — Prestressing tendon anchorages, couplers,
and end blocks

The provisions of this section of the Code are used to
design the tendon anchorages, couplers, and end blocks to
withstand the prestressing operation and effectively
transfer prestress force to the masonry wall without
distress to the masonry or the prestressing accessories.
Anchorages are designed for adequate pull-out strength
from their foundations.
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Because the actual stresses are quite complicated
around post-tensioning anchorages, experimental data, or a
refined analysis should be wused whenever possible.
Appropriate formulas from the references*'® should be used
as a guide to size prestressing tendon anchorages when
experimental data or more refined analysis are not available.
Additional guidance on design and details for post-

tensioning anchorage zones is given in the references*".

4.9 — Protection of prestressing tendons and
accessories

Corrosion protection of the prestressing tendon and
accessories is required in masonry walls subject to a moist
and corrosive environment. Methods of corrosion
protection are addressed in the Specification. Masonry and
grout cover is not considered adequate protection due to
variable permeability and the sensitivity of prestressing
tendons to corrosion. The methods of corrosion protection
given in the Specification provide a minimum level of
corrosion protection. The designer may wish to impose
more substantial corrosion protection requirements,
especially in highly corrosive environments.

4.10 — Development of bonded tendons

Consistent with design practice in prestressed
concrete, development of post-tensioned tendons away
from the anchorage does not need to be calculated.
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CHAPTER 5
EMPIRICAL DESIGN OF MASONRY

5.1 — General

Empirical rules and formulas for the design of
masonry structures were developed by experience. These
are part of the legacy of masonry's long use, predating
engineering analysis. Design is based on the condition that
gravity loads are reasonably centered on the bearing walls
and foundation piers. Figure CC-5.1-1 illustrates the
location of the resultant of gravity loads on foundation
piers. The effect of any steel reinforcement, if used, is
neglected. The masonry should be laid in running bond.
Specific limitations on building height, seismic, wind, and
horizontal loads exist. Buildings are of limited height.
Members not participating in the lateral force-resisting
system of a building may be empirically designed even
though the lateral force-resisting system is designed under
Chapter 2.

These procedures have been compiled through the
years”™'™°. The most recent of these documents™ is the
basis for this chapter.

Empirical design is a procedure of sizing and
proportioning masonry elements. It is not design analysis.
This procedure is conservative for most masonry
construction. Empirical design of masonry was developed
for buildings of smaller scale, with more masonry interior
walls and stiffer floor systems than built today. Thus, the
limits imposed are valid.

Since empirically designed masonry is based on the
gross compressive strength of the units, there is no need to
specify the compressive strength of masonry.

5.2 — Height

No commentary.

5.3 — Lateral stability

Lateral stability requirements are a key provision of
empirical design. Obviously, shear walls must be in two
directions to provide stability. Bearing walls can serve as
shear walls. The height of an element refers to the shortest
unsupported height in the plane of the wall such as the
shorter of a window jamb on one side and a door jamb on
the other. See Figure CC-5.3-1 for cumulative length of
shear walls. See Figure CC-5.3-2 for diaphragm panel
length to width ratio determination.

5.4 — Compressive stress requirements

These are average compressive stresses based on
gross area using specified dimensions. The following
conditions should be used as guidelines when concentrated
loads are placed on masonry:

e For concentrated loads acting on the full wall
thickness, the allowable stresses under the load
may be increased by 25 percent.

e For concentrated loads acting on concentrically
placed bearing plates greater than one-half but
less than full area, the allowable stress under the
bearing plate may be increased by 50 percent.

The course immediately under the point of bearing
should be a solid unit or filled solid with mortar or grout.
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Figure CC-5.1-1 - Area for gravity loads applied to foundation piers
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5.5 — Lateral support

Lateral support requirements are included to limit the
flexural tensile stress due to out-of-plane loads. Masonry
headers resist shear stress and permit the entire cross-
section to perform as a single element. This is not the case
for non-composite walls connected with wall ties. For such
non-composite walls, the use of the sum of the thicknesses
of the wythes has been used successfully for a long time and
is a traditional approach that is acceptable within the limits
imposed by Code Table 5.5.1. Requirements were added in
the 2008 edition to provide relative out-of-plane resistance
that limit the maximum width of opening and provide
sufficient masonry sections between the openings.

5.6 — Thickness of masonry

5.6.1 General

Experience of the committee has shown that the
present ANSI A 41.1° thickness ratios are not always
conservative. These requirements represent the consensus
of the committee for more conservative design.

5.6.2 Minimum thickness
No Commentary

5.6.2.1 —5.6.2.4 — No Commentary

5.6.2.5 Foundation piers — Use of empirically
designed foundation piers has been common practice in many
areas of the country for many years. ANSI A 41.1°° provisions
for empirically designed piers (Section 5.3) includes a
requirement for a maximum #/ ratio of 4. The minimum
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height-to-thickness ratio of greater than 4 for columns is
required to clearly differentiate a column from a pier.

5.6.3  Foundation walls

Empirical criteria for masonry foundation wall
thickness related to the depth of unbalanced fill have been
contained in building codes and federal government
standards for many years. The use of Code Table 5.6.3.1,
which lists the traditional allowable backfill depths, is
limited by a number of requirements that were not
specified in previous codes and standards. These
restrictions are enumerated in Section 5.6.3.1. Further
precautions are recommended to guard against allowing
heavy earth-moving or other equipment near enough to the
foundation wall to develop high earth pressures.
Experience with local conditions should be used to modify
the values in Table 5.6.3.1 when appropriate.

5.7 — Bond

Figure CC-5.7-1 depicts the requirements listed. Wall
ties with drips are not permitted because of their reduced
load capacity.

5.8 — Anchorage

The requirements of Sections 5.8.2.2 through 5.8.2.5
are less stringent than those of Section 1.9.4.2.5.
Anchorage requirements in Section 5.8.3.3 are intended to
comply with the Steel Joist Institute’s Standard
Specification™® for end anchorage of steel joists.
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Min. / = 0.2(50.67") = 10.13' (3.09 m)

Wall line 1: /= (24.67 + 7.33) = 32.0" > 10.13" OK
/=(7.52m +2.23 m)=9.75m > 3.09 m OK

Wall line 2: 1= (6.0"+6.0" +6.0" +6.0") = 24.0" > 10.13" OK
/=(1.83m+1.83m+1.83m+1.83m)=7.32m>3.09 mOK

Wall line A: Note, 5'-4"(1.62 m) wall segments not included as they are less than % of 12' (3.66 m) wall height
/=(6.67"+6.67")=13.33">10.13" OK
/=(2.03m +2.03m)=4.06 m>3.09 m OK

Wall line B: /= (6.67" + 6.67" + 6.67" + 6.67') = 26.67" > 10.13" OK
/=(2.03m +2.03m +2.03m +2.03m)=8.13m > 3.09 m OK

Figure CC-5.3-1 — Cumulative length of shear walls
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Diaphragm Panel Length = Dimension perpendicular to the resisting shear wall

Diaphragm Panel Width = Dimension parallel to the resisting shear wall

For example:

For Shear Walls A and B, the diaphragm panel length to width ratio is X4/Y
For Shear Walls D and F, the diaphragm panel length to width ratio is Y/X;

Note: Shear walls should be placed on all four sides of the diaphragm panel or the resulting torsion should be accounted for.

Figure CC-5.3-2 — Diaphragm panel length to width ratio determination for shear wall spacing
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Figure CC-5.7-1 — Cross section of wall elevations
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CHAPTER 6
VENEER

6.1 — General

6.1.1 Scope

Adhered and anchored veneer definitions given in
Section 1.6 are straightforward adaptations of existing
definitions. See Figures. CC-6.1-1 and CC-6.1-2 for typical
examples of anchored and adhered veneer, respectively.

The traditional definition of veneer as an element
without resistance to imposed load is adopted. The
definition given is a variation of that used in model
building codes. Modifications have been made to the
definitions to clearly state how the veneer is handled in
design.

The design of the backing should be in compliance
with the appropriate standard for that material. Suggested
standards are:

concrete........ ACI 318, Building Code Requirements
for Reinforced Concrete®', American Concrete Institute

1-in. (25-mm)
Minimum Air
Space

Weepholes

Flashing

masonry ...... Chapters 1 through 5 of this Code

steel ............. Design for Cold-formed Steel Structural
Members®?, American Iron and Steel Institute

wood ........... National Design Specification for Wood
Construction®*, American Forest and Paper Association

6.1.1.1 Since there is no consideration of stress
in the veneer, there is no need to specify the compressive
strength of masonry.

6.1.1.2 No Commentary

6.1.1.3 The Specification was written for
construction of masonry subjected to design stresses in
accordance with the other chapters of this Code. Masonry
veneer, as defined by this Code, is not subject to those design
provisions. The Specification articles that are excluded cover
materials and requirements that are not applicable to veneer
construction or are items covered by specific requirements in
this Chapter and are put here to be inclusive.

/ Steel Studs

Exterior-grade Sheathing

Building Paper 6-in.

7‘ (150-mm) Minimum Lap

Foundation

Figure CC-6.1-1 — Anchored veneer
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Veneer Unit with
Neat Portland Cement Paste

Type S Mortar
Applied to Unit
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Concrete Masonry Wall

Type S Mortar

Figure CC-6.1-2 — Adhered veneer

6.1.2  Design of anchored veneer

Implicit within these requirements is the knowledge that
the veneer transfers out-of-plane loads through the veneer
anchors to the backing. The backing accepts and resists the
anchor loads and is designed to resist the out-of-plane loads.

When utilizing anchored masonry veneer, the designer
should consider the following conditions and assumptions:

a) The veneer may crack in flexure under service load.

b) Deflection of the backing should be limited to
control crack width in the veneer and to provide veneer
stability.

¢) Connections of the anchor to the veneer and to the
backing should be sufficient to transfer applied loads.

d) Differential movement should be considered in
the design, detailing, and construction.

e) Water will penetrate the veneer, and the wall
system should be designed, detailed, and constructed to
prevent water penetration into the building.

f) Requirements for corrosion protection and fire
resistance must be included.

If the backing is masonry and the exterior masonry
wythe is not considered to add to the out-of-plane load
resisting performance of the wall, the exterior wythe is
masonry veneer. However, if the exterior wythe is
considered to add to the load-resisting performance of the

wall, the wall is properly termed a multiwythe,
non-composite wall rather than a veneer wall.

Manufacturers of steel studs and sheathing materials
have published literature on the design of steel stud backing
for anchored masonry veneer. Some recommendations have
included composite action between the stud and the
sheathing and load carrying participation by the veneer. The
Metal Lath/Steel Framing Association has promoted a
deflection limit of stud span length divided by 360°*. The
Brick Industry Association has held that an appropriate
deflection limit should be in the range of stud span length
divided by 600 to 720. The deflection is computed assuming
that all of the load is resisted by the studs®’. Neither set of
assumptions will necessarily ensure that the veneer remains
uncracked at service load. In fact, the probability of cracking
may be high®®. However, post-cracking performance is
satisfactory if the wall is properly designed, constructed and
maintained with appropriate materials®’. Plane frame
computer programs are available for the rational structural
design of anchored masonry veneer®®.

A deflection limit of stud span length divided by 200
multiplied by the specified veneer thickness provides a
maximum uniform crack width for various heights and
various veneer thicknesses. Deflection limits do not reflect
the actual distribution of load. They are simply a means of
obtaining a minimum backing stiffness. The National
Concrete Masonry Association provides a design
methodology by which the stiffness properties of the
masonry veneer and its backing are proportioned to
achieve compatibility®®.
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Masonry veneer with wood frame backing has been
used successfully on one- and two-family residential
construction for many years. Most of these applications are
installed without a deflection analysis.

6.1.3  Design of adhered veneer

Adhered veneer differs from anchored veneer in its
means of attachment. The designer should consider
conditions and assumptions given in Code Section 6.3.1
when designing adhered veneer.

6.1.4 Dimension stone
Dimension stone veneer should be covered as a
Special System of Construction, under Code Section 1.3.

6.1.5 Autoclaved aerated concrete masonry veneer

Veneer anchors described in Chapter 6 are not
suitable for use in AAC masonry because of the narrow
joints. No testing of such anchors has been performed for
AAC masonry. Therefore AAC masonry anchored veneer
must be considered a Special System. The method of
adhering veneer, as described in Specification Article 3.3
C, has not been evaluated with AAC masonry and shear
strength requirements for adhesion of AAC masonry
veneer have not been established. Therefore, AAC
masonry adhered veneer must be considered a Special
System

6.1.6 General design requirements

Water penetration through the exterior veneer is
expected. The wall system must be designed and
constructed to prevent water from entering the building.

The requirements given here and the minimum air space
dimensions of Sections 6.2.2.6.3, 6.2.2.7.4, and 6.2.2.8.2 are
those required for a drainage wall system. Proper drainage
requires weep holes and a clear air space. It may be difficult
to keep a 1-in. (25-mm) air space free from mortar bridging.
Other options are to provide a wider air space, a vented air
space, or to use the rain screen principle. Masonry veneer
can be designed with horizontal and vertical bands of
different materials. The dissimilar physical properties of the
materials should be considered when deciding how to
accommodate differential movement.

Industry recommendations are available regarding
horizontal bands of clay and concrete masonry, and
address such items as joint reinforcement, slip joints, and
sealant joints % ®'% ¢! Vertical movement joints can be
used to accommodate differential movement between
vertical bands of dissimilar materials.
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6.2 — Anchored veneer

6.2.1 Alternative design of anchored masonry veneer

There are no rational design provisions for anchored
veneer in any code or standard. The intent of Section 6.2.1
is to permit the designer to use alternative means of
supporting and anchoring masonry veneer. See
Commentary Section 6.1.1 for conditions and assumptions
to consider. The designer may choose to not consider
stresses in the veneer or may limit them to a selected
value, such as the allowable stresses of Section 2.2, the
anticipated cracking stress, or some other limiting
condition. The rational analysis used to distribute the loads
must be consistent with the assumptions made. See
Commentary Section 6.2.2.5 for information on anchors.

The designer should provide support of the veneer;
control deflection of the backing; consider anchor loads,
stiffness, strength and corrosion; water penetration; and air
and vapor transmission.

6.2.2 Prescriptive requirements for anchored
masonry veneer
The provisions are based on the successful

performance of anchored masonry veneer. These have
been collected from a variety of sources and reflect current
industry practices. Changes result from logical conclusions
based on engineering consideration of the backing, anchor,
and veneer performance.

6.2.2.1and 6.2.2.2 — No Commentary.

6.2.2.3 Vertical support of anchored masonry
veneer — These requirements are based on current
industry practice and current model building codes.
Support does not need to occur at the floor level; it can
occur at a window head or other convenient location.

The full provisions for preservative-treated wood
foundations are given in the National Forest Products
Association Technical Report 7%,

There are no restrictions on the height limit of veneer
backed by masonry or concrete, nor are there any
requirements that the veneer weight be carried by
intermediate supports. The designer should consider the
effects of differential movement on the anchors and
connection of the veneer to other building components.

Support of anchored veneer on wood is permitted in
previous model building codes. The vertical movement
joint between the veneer on different supports reduces the
possibility of cracking due to differential settlement, The
height limit of 12 ft (3.7 m) was considered to be the
maximum single story height and is considered to be a
reasonable fire safety risk.
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6.2.2.5 Anchor requirements — It could be
argued that the device between the veneer and its backing
is not an anchor as defined in the Code. That device is
often referred to as a tie. However, the term anchor is used
because of the widespread use of anchored veneer in
model building codes and industry publications, and the
desire to differentiate from tie as used in other chapters.

U.S. industry practice has been combined with the
requirements of the Canadian Standards Association® to
produce the requirements given. Each anchor type has
physical requirements that must be met. Minimum
embedment requirements have been set for each of the
anchor types to ensure load resistance against push-through
or pull-out of the mortar joint. Maximum air space
dimensions are set in Sections 6.2.2.6 through 6.2.2.8.

There are no performance requirements for veneer
anchors in previous codes. Indeed, there are none in the
industry. Tests on anchors have been reported®* 4. Many
anchor manufacturers have strength and stiffness data for
their proprietary anchors.

Veneer anchors typically allow for movement in the plane
of the wall but resist movement perpendicular to the veneer.
The mechanical play in adjustable anchors and the stiffness of
the anchor influence load transfer between the veneer and the
backing. Stiff anchors with minimal mechanical play provide
more uniform transfer of load, increase the stress in the veneer,
and reduce veneer deflection.

The anchors listed in Section 6.2.2.5.6.1 are thought
to have lower strength or stiffness than the more rigid
plate-type anchors. Thus fewer plate-type anchors are
required. These provisions may result in an increase in the
number of anchors required when compared to the editions
of the BOCA and SBCCI model building codes published
in 1993 and 1991, respectively®'> ®'®. The number of
anchors required by this Code is based on the requirements
of the 1991 UBC®"". The number of required anchors is
increased in the higher Seismic Design Categories. Anchor
spacing is independent of backing type.

Anchor frequency should be calculated independently
for the wall surface in each plane. That is, horizontal
spacing of veneer anchors should not be continued from
one plane of the veneer to another.

6.2.2.6 Masonry veneer anchored to wood
backing — These requirements are similar to those used by
industry and given in model building codes for years. The
limitation on fastening corrugated anchors at a maximum
distance from the bend is new. It is added to achieve better
performance. The maximum distances between the veneer
and the sheathing or wood stud is provided in order to
obtain minimum compression capacity of anchors.

6.2.2.7 Masonry veneer anchored to steel
backing — Most of these requirements are new, but they
generally follow recommendations in current use®> %,
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The minimum base metal thickness is given to provide
sufficient pull-out resistance of screws.

6.2.2.8 Masonry veneer anchored to masonry or
concrete backing — These requirements are similar to
those used by industry and have been given in model
building codes for many years.

6.2.2.9 Veneer laid in other than running
bond — Masonry laid in other than running bond has
similar requirements in Section 1.11. The area of steel
required in Section 6.2.2.9 is equivalent to that in Section
1.11 for a nominal 4-in. (102-mm) wythe.

6.2.2.10 Requirements in seismic areas — These
requirements provide several cumulative effects to
improve veneer performance under seismic load. Many of
them are based on similar requirements given in Chapter
30 of the Uniform Building Code™'”. The isolation from
the structure reduces accidental loading and permits larger
building deflections to occur without veneer damage.
Support at each floor articulates the veneer and reduces the
size of potentially damaged areas. An increased number of
anchors increases veneer stability and reduces the
possibility of falling debris. Joint reinforcement provides
ductility and post-cracking strength. Added expansion
joints further articulate the veneer, permit greater building
deflection without veneer damage and limit stress
development in the veneer.

6.2.2.11 Requirements in areas of high winds —
These reductions are based on the ratio of (110/130)% the
square of the ratio of wind speed in the two locations.

6.3 — Adhered veneer

6.3.1 Alternative design of adhered masonry veneer

There are no rational design provisions for adhered
veneer in any code or standard. The intent of Section 6.3.1
is to permit the designer to use alternative unit thicknesses
and areas for adhered veneer. The designer should provide
for adhesion of the units, control curvature of the backing,
and consider freeze-thaw cycling, water penetration, and
air and vapor transmission. The Tile Council of America
limits the deflection of the backing supporting ceramic
tiles to span length divided by 360",

6.3.2 Prescriptive adhered
masonry veneer

Similar requirements for adhered veneer have been in
the Uniform Building Code®'” since 1967. The
construction requirements for adhered veneer in the

Specification have performed successfully®.

requirements  for

6.3.2.1 Unit sizes — The dimension, area, and
weight limits are imposed to reduce the difficulties of
handling and installing large units and to assure good bond.
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6.3.2.2 Wall area limitations — Selecting proper
location for movement joints involves many variables. These
include: changes in moisture content, inherent movement of
materials, temperature exposure, temperature differentials,
strength of units, and stiffness of the backing.

6.3.2.3 Backing — These surfaces have
demonstrated the ability to provide the necessary adhesion
when using the construction method described in the
Specification. Model building codes contain provisions for
metal lath and portland cement plaster. For masonry or
concrete backing, it may be desirable to apply metal lath
and plaster. Also, refer to ACI 524R, “Guide to Portland
Cement Plastering”®?' for metal lath, accessories, and their
installation. These publications also contain recommendations
for control of cracking.

6.3.2.4 The required shear strength of 50 psi
(345 kPa) is an empirical value based on judgment derived
from historical use of adhered veneer systems similar to those
permitted by Article 3.3 C of TMS 602/ACI 530.1/ASCE 6.
This value is easily obtained with workmanship complying
with the Specification. It is anticipated that the 50 psi
(345 kPa) will account for differential shear stress between
the veneer and its backing in adhered veneer systems
permitted by this Code and Specification.

The test method is used to verify shear strength of
adhered veneer systems that do not comply with the
construction requirements of the Specification or as a
quality assurance test for systems that do comply.
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CHAPTER 7
GLASS UNIT MASONRY

7.1 — General
7.1.1  Scope

Glass unit masonry is used as a nonload-bearing
element in interior and exterior walls, partitions, window
openings, and as an architectural feature. Design
provisions in the Code are empirical. These provisions are
cited in previous codes, are based on successful
performance, and are recommended by manufacturers.

7.1.1.1 Since there is no consideration of stress
in glass unit masonry, there is no need to specify the
compressive strength of masonry.

7.2 — Panel size

The Code limitations on panel size are based on
structural and performance considerations. Height limits
are more restrictive than length limits based on historical
requirements rather than actual field experience or
engineering principles. Fire resistance rating tests of
assemblies may also establish limitations on panel size.

Contact glass block manufacturers for technical data on
the fire resistance ratings of panels, or refer to the latest
issue of UL Fire Resistance Directory — Volume 3" and
the local building code.

7.2.1 Exterior standard-unit panels

The wind load resistance curve’>’* 7° (Figure
CC-7.2-1) is representative of the ultimate load limits for a
variety of panel conditions. Historically, a 144-ft’
(13.37-m%) area limit has been referenced in building
codes as the maximum area permitted in exterior
applications, without reference to any safety factor or
design wind pressure. The 144-ft* (13.37-m%) area also
reflects the size of panels tested by the National Concrete
Masonry Association’”. The 144-ft* (13.37-m’) area
limitation provides a safety factor of 2.7 when the design
wind pressure is 20 psf " (958 Pa).

7.2.2  Exterior thin-unit panels

There is no historical data for developing a curve for
thin units. The Committee recommends limiting the
exterior use of thin units to areas where the design wind
pressure does not exceed 20 psf (958 Pa).

160 \
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Example of how to use wind-load resistance curve: If using a design wind pressure of 20 psf (958 Pa), multiply by a
safety factor of 2.7 and locate 54 psf (2586 Pa) wind pressure (on vertical axis), read across to curve and read
corresponding 144 -ft? (13.37-m?) maximum area per panel (on horizontal axis).

Figure CC-7.2-1 — Glass masonry ultimate wind load resistance
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7.3 —Support

7.3.1 General requirements
No Commentary.

7.3.2  Vertical

Support of glass unit masonry on wood has
historically been permitted in model building codes. The
Code requirements for expansion joints and for asphalt
emulsion at the sill isolate the glass unit masonry within
the wood framing. These requirements also reduce the
possibility of contact of the glass units and mortar with the
wood framing. The height limit of 12 ft. (3.7 m) was
considered to be the maximum single story height.

7.3.3 Lateral

The Code requires glass unit masonry panels to be
laterally supported by panel anchors or channel-type
restraints. See Figures CC-7.3-1 and CC-7.3-2 for panel
anchor  construction and channel-type  restraint
construction, respectively. Glass unit masonry panels may
be laterally supported by either construction type or by a
combination of construction types. The channel-type
restraint construction can be made of any channel-shaped
concrete, masonry, metal, or wood elements so long as
they provide the required lateral support.

Expansion Strip

Two fasteners per — \|
Panel Anchor

Sealant (both sides)—|

Expansion strip ——_

Panel Anchor with 12-in.
(305-mm) Minimum
Embedment into Mortar /

Joint \

Mortar

1]
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7.4 — Expansion joints

No Commentary.

7.5 — Base surface treatment

Current industry practice and recommendations by
glass block manufacturers state that surfaces on which
glass unit masonry is placed be coated with an asphalt
emulsion’* 7. The asphalt emulsion provides a slip plane
at the panel base. This is in addition to the expansion
provisions at head and jamb locations. The asphalt
emulsion also waterproofs porous panel bases.

Glass unit masonry panels subjected to structural
investigation tests by the National Concrete Masonry
Association” to confirm the validity and use of the Glass Unit
Masonry Design Wind Load Resistance chart (Figure
CC-7.2-1) of the Code, were constructed on bases coated with
asphalt emulsion. Asphalt emulsion on glass unit masonry
panel bases is needed to be consistent with these tests.

16 in. (406 mm) o. c. max.
spacing at head and jamb

S~ Sealant (both sides)

p——

Panel Reinforcement at
16 in. 0. c. (406 mm)
Maximum Spacing

Glass Unit
Masonry

Asphalt Emulsion

Figure CC-7.3-1 — Panel anchor construction
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Channel-type
Restraint

Packing and Sealant

(Both Sides) —

Expansion strip —

Channel fastener

Expansion strip
Recess unit 1 in. (25.4 mm)
Minimum into Restraint

Packing and Sealant
(Both Sides)

Joint Reinforcement
at 16 in. (406 mm)
Maximum Spacing

Asphalt emulsion

Figure CC-7.3-2 — Channel-type restraint construction
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APPENDIX A
STRENGTH DESIGN OF AUTOCLAVED AERATED CONCRETE (AAC) MASONRY

A.1 —General
A.1.1 —A.1.3 — No Commentary.

A.1.4 Strength of joints

Design provisions of Appendix A and prescriptive
seismic reinforcement requirements of Section 1.16 are
based on monolithic behavior of AAC masonry. The
reduction in shear strength of AAC masonry shear walls
laid in running bond with unfilled head joints is accounted
for in Eq. (A-12b). AAC masonry walls constructed with
AAC masonry units greater in height than 8 in. (200 mm)
(nominal) with unfilled head joints and AAC masonry
walls laid in other than running bond with unfilled head
joints do not have sufficient test data to develop design
provisions and thus are not permitted at this time.

A.1.5 Strength-reduction factors

The strength-reduction factor incorporates the
difference between the nominal strength provided in
accordance with the provisions of Appendix A and the
expected strength of the as-built AAC masonry. The
strength-reduction  factor also accounts for the
uncertainties in  construction, material properties,
calculated versus actual member strengths, and anticipated
mode of failure.

A.1.5.1 Combinations of flexure and axial load
in reinforced AAC masonry — The same strength-
reduction factor is used for the axial load and the flexural
tension or compression induced by bending moment in
reinforced AAC masonry elements. The higher strength-
reduction factor associated with reinforced elements (in
comparison to unreinforced elements) reflects a decrease
in the coefficient of variation of the measured strengths of
reinforced elements when compared to similarly
configured unreinforced elements.

A.1.5.2 Combinations of flexure and axial load
in unreinforced AAC masonry — The same strength-
reduction factor is used for the axial load and the flexural
tension or compression induced by bending moment in
unreinforced masonry elements. The lower strength-
reduction factor associated with unreinforced elements (in
comparison to reinforced elements) reflects an increase in
the coefficient of variation of the measured strengths of
unreinforced elements when compared to similarly
configured reinforced elements.

A.1.5.3 Shear — Strength-reduction factors for
calculating the design shear strength are commonly more
conservative than those associated with the design flexural
strength. However, the capacity design provisions of
Appendix A require that shear capacity significantly
exceed flexural capacity. Hence, the strength-reduction
factor for shear is taken as 0.80, a value 33 percent larger

than the historical value.

A.1.5.4 Anchor bolts — Anchor bolts embedded
in grout in AAC masonry behave like those addressed in
Chapter 3 and are designed identically. Anchors for use in
AAC masonry units are available from a variety of
manufacturers, and nominal resistance should be based on
tested capacities.

A.1.5.5 Bearing — The value of the strength-
reduction factor used in bearing assumes that some
degradation has occurred within the masonry material.

A.1.6 Deformation requirements
A.1.6.1 Deflection of unreinforced (plain) AAC
masonry — The deflection calculations of unreinforced
masonry are based on elastic performance of the masonry
assemblage as outlined in the design criteria of Section
3.2.1.3.

A.1.6.2 Deflection of  reinforced  AAC
masonry — Values of I are typically about one-half of /,
for common solid grouted element configurations.
Calculating a more accurate effective moment of inertia
using a moment curvature analysis may be desirable for
some circumstances. Historically, an effective moment of
inertia has been calculated using net cross-sectional area
properties and the ratio of the cracking moment strength
based on appropriate modulus of rupture values to the
applied moment resulting from unfactored loads as shown
in the following equation. This equation has successfully
been used for estimating the post-cracking flexural
stiffness of both concrete and masonry.

3 3
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A.1.7 Anchor bolts

Headed and bent-bar anchor bolts embedded in grout in
AAC masonry behave like those addressed in Chapter 3 and
are designed identically. Anchors for use in AAC masonry
units are available from a variety of manufacturers.

A.1.8 Material properties
A.1.8.1 Compressive strength
A.1.8.1.1 Masonry compressive strength —
Research™! A% A3 A4 hag been conducted on structural
components of AAC masonry with a compressive strength
of 290 to 1,500 psi (2.00 to 10.34 MPa). Design criteria are
based on these research results.
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A.1.8.1.2 Grout compressive strength —
Since most empirically derived design equations relate the
calculated nominal strength as a function of the specified
compressive strength of the masonry, the specified
compressive strength of the grout is required to be at least
equal to the specified compressive strength. Additionally,
due to the hydrophilic nature of AAC masonry, care
should be taken to control grout shrinkage by pre-wetting
cells to be grouted or by using other means, such as non-
shrink admixtures. Bond between grout and AAC units is

equivalent to bond between grout and other masonry
units A3 A4

A.1.8.2 Masonry splitting tensile strength — The
equation for splitting tensile strength is based on ASTM
C1006 tests™ >,

A.1.8.3 Masonry modulus of rupture —The
modulus of rupture is based on tests conducted in
accordance with ASTM C78%° on AAC masonry with
different compressive strengths®****°  Modulus of
rupture tests show that a thin-bed mortar joint can fail
before the AAC material indicating that the tensile-bond
strength of the thin-bed mortar is less than the modulus of
rupture of the AAC. This critical value is 80 psi (552 kPa).
The data are consistent with the formation of cracks in
thin-bed mortar joints observed in AAC shear wall
tests™>**. Shear wall tests™* show that when a leveling
bed is present, flexural cracking capacity may be
controlled by the tensile bond strength across the interface
between the AAC and the leveling mortar, which is
usually less than the modulus of rupture of the AAC
material itself.

A.1.8.4 Masonry direct shear strength — The
equation for direct shear strength is based on shear
tests*>**. Based on tests by Kingsley et al*’, interface
shear strength between grout and conventional masonry
units varies from 100 to 250 psi. Based on tests by
Tanner™?, interface shear strength between grout and AAC
material had a 5% fractile (lower characteristic) value of
37 psi. Based on Kingsley’s work, the value of 37 psi is
probably a conservative bound to the actual value; it can
safely and appropriately be used for AAC masonry.

A.1.8.5 Coefficient of friction — The coefficient
of friction between AAC and AAC was determined based
on direct shear tests performed at The University of Texas
at Austin. The coefficient of friction between AAC and
leveling mortar was determined based on tests on shear
walls at The University of Texas at Austin.

A.1.8.6 Reinforcement strength — Research®
conducted on reinforced masonry components used Grade 60
steel. To be consistent with laboratory documented
investigations, design is based on a nominal steel yield strength
of 60,000 psi (413.7 MPa). The limitation on the steel yield
strength of 130 percent of the nominal yield strength limits the
over-strength that may be present in the construction.
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A.1.9 Concentrated loads

A.1.9.1 No Commentary

A.1.9.2 Commentary Section 1.9.6 gives
further information.

A.1.9.3 No Commentary

A.1.9.4 Bearing for simply supported precast

floor and roof members on AAC shear walls — Bearing

should be checked wherever floor or roof elements rest on
AAC walls. The critical edge distance for bearing and the
critical section for shear to be used in this calculation are
shown in Figure CC-A.1-1.

A.2 —Unreinforced (plain) AAC masonry

A2.1—A23
No Commentary

A.2.4 Axial tension
Commentary Section 2.2.4 provides further information.

A.3 — Reinforced AAC masonry

Provisions are identical to those of concrete or clay
masonry, with a few exceptions. Only those exceptions are
addressed in this Commentary.

A.3.1 Scope
No Commentary

A.3.2 Design assumptions

For AAC, test results indicate that &, is 0.003 and the
value of the stress in the equivalent rectangular stress
block is 0.85 f %4 with a = 0.67¢. A+ 43 A4

A.3.3 Reinforcement requirements and details
No commentary.

A.3.3.1 Reinforcing bar size limitations — Grout
spaces may include, but are not limited to, cores, bond
beams, and collar joints. At sections containing lap splices,
the maximum area of reinforcement specified in the Code
may be doubled.

A.3.3.3.1 Development of tension and
compression reinforcement — Development and lap splice
detailing provisions for conventional masonry are
calibrated to the masonry assembly strength, /', which
includes the contribution of each constituent material (unit,
grout, and mortar). Due to the low compressive strength of
AAC, however, the AAC masonry component is ignored
and the calibration is based on f',.
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A.3.4 Design of beams, piers, and columns
A.3.4.1 Nominal strength
A3.4.1.1 Nominal axial and
strength — No Commentary

A3.4.1.2 Shear strength provided by
reinforcement, V,— Test results at UT Austin?> ** show
that factory-installed, welded-wire reinforcement is
developed primarily by bearing of the cross-wires on the
AAC material, which normally crushes before the
longitudinal wires develop significant stress. Therefore,
the additional shear strength provided by the horizontal
reinforcement  should be  neglected. Joint-type
reinforcement will probably behave similarly and is not
recommended. In contrast, deformed reinforcement placed
in grouted bond beams is effective and should be included
in computing V.

flexural

A.3.4.1.2.1 Nominal masonry shear
strength —This equation was developed based on
observed web shear cracking in shear walls tested at the
University of Texas at Austin ** ** and Hebel AG in
Germany. Flexural shear cracking of AAC shear walls was
observed in 6 tests at The University of Texas at
Austin®!*%42_ Although flexural shear cracking can be
predicted, it does not correspond to a significant decrease
in strength or stiffness and, for that reason design limits
are not proposed. Masonry units laid in other than running
bond may exhibit discontinuities at head joints. The
nominal masonry shear strength for AAC masonry laid in
other than running bond considers the likelihood of
vertical discontinuities at head joints and is based on test
results for AAC walls made of vertical panels with open
vertical joints between some panels.

A.3.4.1.2.2 Nominal shear strength
provided by diagonal strut— This mechanism limits the
shear strength at large levels of axial load. It was based on
test results™, using a diagonal strut width of 0.25,, based
on test observations.

X\
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A.3.4.1.2.3 Nominal shear strength
provided by sliding shear resistance — This equation was
based on test results from the University of Texas at
Austin A>3,

At an unbonded interface, nominal sliding shear
capacity should be based on friction only. At an interface
where thin-bed mortar is present, the nominal sliding shear
capacity should be based on the greater of the capacity
based on initial adhesion, and the frictional capacity after
that initial adhesion is overcome. At an interface where
leveling-bed mortar is present, the interface is probably
cracked due to in-plane flexure, and initial adhesion
should not be counted on. The nominal sliding shear
capacity should be based on the frictional capacity
consistent with the total force on the compressive stress
block, including the compressive force required to
equilibrate the tensile force in the longitudinal
reinforcement.

A.3.4.1.2.4 Equation 3-22 was
developed based on results of reversed cyclic load tests on
masonry wall segments with horizontal reinforcement
distributed over their heights. The reason for the efficiency
factor is the non-uniform distribution of tensile strain in
the horizontal reinforcement over the height of the
element. For reasons of constructability, AAC walls are
traditionally reinforced horizontally with deformed steel in
grout-filled bond beams. While no tests have been
performed with AAC masonry walls having deformed
horizontal reinforcement in concrete bond beams, to use
the efficiency factor of 0.5 would be inconsistent with
current provisions for reinforced concrete, which do not
use the factor. Also, including the efficiency factor would
require the use of more shear reinforcement, which in the
case of AAC shear walls would increase the probability of
brittle failure of the diagonal compression strut.

Critical
section

\ AAC wall

A

\ AAC floor or roof panel

V, \ 45c angle
4

critical edge distance for bearing

Figure CC-A.1-1 Critical section at bearing of AAC floor or roof panel on AAC wall
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A.3.5 Wall design for out-of-plane loads
A.3.5.1 and A.3.5.2 — No Commentary

A.3.5.3 Moment and deflection calculations —
This section only includes design equations based on walls
having simple support conditions at the top and bottom of
the walls. In actual design and construction, there may be
varying support conditions, thus changing the curvature of
the wall under lateral loading. Through proper calculation
and using the principles of mechanics, the points of
inflection can be determined and actual moments and
deflection can be calculated under different support
conditions. The designer should examine moment and
deflection conditions to locate the critical section using the
assumptions outlined in Section A.3.5.

A3.5.4 Walls with factored axial stress of
0.20 "' 44c or less — For slenderness ratios greater than 30,
there is an additional limitation on the axial stress. There
are currently no strength design provisions for axial stress
greater than 0.20 f "y4c . The required moment due to
lateral loads, eccentricity of axial load, and lateral
deformations are assumed maximum at mid-height of the
wall. In certain design conditions, such as large
eccentricities acting simultaneously with small lateral
loads, the design maximum moment may occur elsewhere.
When this occurs, the designer should use the maximum
moment at the critical section rather than the moment
determined from Eq. (A-18). The design formulas provide
procedures for determining the nominal moment strength.
These formulas take into account the effect of vertical
loads increasing the capacity of the section.

A.3.6 Wall design for in-plane loads
A.3.6.1 — A.3.6.5 — No Commentary

A.3.6.6 While requirements for confined
boundary elements have not been developed for AAC
shear walls, they have not been developed for
conventional masonry shear walls either, and the
monolithic nature of AAC shear walls favors possible
applications involving boundary eclements. Also see
Commentary Section 3.3.6.5.

A.3.6.6.1 See Commentary Section 3.3.6.5.2.
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A3.6.6.2 See Commentary Section 3.3.6.5.3.

A3.6.6.3 See Commentary Section 3.3.6.5.4.

A.3.6.6.4 See Commentary Section 3.3.6.5.5.
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INTRODUCTION

Chapter 1 of the Building Code Requirements for
Masonry Structures (TMS 402-08/ACI 530-08/ASCE 5-
08) makes the Specification for Masonry Structures (TMS
602-08/ACI 530.1-08/ASCE 6-08) an integral part of the
Code. TMS  602-08/ACI  530.1-08/ASCE  6-08
Specification sets minimum construction requirements
regarding the materials used in and the erection of
masonry structures. Specifications are written to set
minimum acceptable levels of performance for the
contractor. This commentary is directed to the
Architect/Engineer writing the project specifications.

This Commentary covers some of the points that the
Masonry Standards Joint Committee (MSJC) considered in
developing the provisions of the Code, which are written
into this Specification. Further explanation and
documentation of some of the provisions of this
Specification are included. Comments on specific
provisions are made under the corresponding part or
section and article numbers of this Code and Specification.

As stated in the Preface, Specification TMS 602-
08/ACI 530.1-08/ASCE 6-08 is a reference standard

which the Architect/Engineer may cite in the contract
documents for any project. Owners, through their
representatives (Architect/Engineer), may  write
requirements into contract documents that are more
stringent than those of TMS 602-08/ACI 530.1-08/ASCE
6-08. This can be accomplished with supplemental
specifications to this Specification.

The contractor should not be required through
contract documents to comply with the Code or to assume
responsibility regarding design (Code) requirements. The
Code is not intended to be made a part of the contract
documents.

The Preface and the Foreword to Specification
Checklists contain information that explains the function
and use of this Specification. The Checklists are a
summary of the Articles that require a decision by the
Architect/Engineer preparing the contract documents.
Project specifications should include the information that
relates to those Checklist items that are pertinent to the
project. Each project requires response to the mandatory
requirements.
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PART 1 — GENERAL

1.1 — Summary

1.1 A.and B.  No Commentary

1.1 C. The scope of the work is outlined in this
article. All of these tasks and materials will not appear in
every project.

1.2 — Definitions

For consistent application of this Specification, it is
necessary to define terms that have particular meaning in
this Specification. The definitions given are for use in
application of this Specification only and do not always
correspond to ordinary usage. Definitions have been
coordinated between the Code and Specification.

The permitted tolerances for units are given in the
appropriate materials standards. Permitted tolerances for
joints and masonry construction are given in this
Specification. Nominal dimensions are usually used to
identify the size of a masonry unit. The thickness or width
is given first, followed by height and length. Nominal
dimensions are normally given in whole numbers nearest
to the specified dimensions. Specified dimensions are most
often used for design calculations.

The Inspection Agency is required to be on-site
whenever masonry tasks requiring continuous inspection
are in progress. During construction requiring periodic
inspection, the Inspection Agency is only required to be on
site intermittently, and is required to observe completed
work. The frequency of periodic inspections should be
defined by te Architect/Engineer as part of the quality
assurance plan, and should be consistent with the
complexity and size of the project.

1.3 — Reference standards

This list of standards includes material specifications,
sampling, test methods, detailing requirements, design
procedures, and classifications. Standards produced by
ASTM International (ASTM) are referenced whenever
possible. Material manufacturers and testing laboratories
are familiar with ASTM standards that are the result of a
consensus process. In the few cases not covered by
existing standards, the committee generated its own
requirements. Specific dates are given since changes to the
standards alter this Specification. Many of these standards
require compliance with additional standards.

Contact information for these organizations is given
below:

American Concrete Institute
38800 Country Club Drive
Farmington Hills, MI 48331
WWwWw.concrete.org

American National Standards Institute
25 West 43rd Street,
New York, NY 10036

WWW.ansi.org

ASTM, Inc.
100 Barr Harbor Drive
West Conshohocken, PA 19428-2959

www.astm.org

American Welding Society
550 N.W. LeJeune Road
Miami, Florida 33126

WWW.aws.or

Federal Test Method Standard from:

U.S. Army General Material and Parts Center
Petroleum Field Office (East)

New Cumberland Army Depot

New Cumberland, PA 17070

1.4 — System description

1.4 A. Compressive strength requirements — Design is
based on a certain '/, or f 44c and this compressive strength
value must be achieved or exceeded. In a multiwythe wall
designed as a composite wall, the compressive strength of
masonry for each wythe or grouted collar joint must equal or

exceed f 7, or f J4c-

1.4 B. Compressive strength determination

1.4B.1 There are two separate methods to
determine compressive strength of masonry. The unit
strength method eliminates the expense of prism tests but is
more conservative than the prism test method. The unit
strength method was generated by using prism test data as
shown in Figures SC-1 and SC-2. The Specification permits
the contractor to select the method of determining the
compressive strength of masonry unless a method is
stipulated in the Project Specifications or Project Drawings.

1.4 B.2 Unit strength method — Compliance
with the requirement for f/'/,, based on the compressive
strength of masonry units, grout, and mortar type, is
permitted instead of prism testing.

The influence of mortar joint thickness is noted by the
maximum joint thickness. Grout strength greater than or
equal to [, fulfills the requirements of Specification
Article 1.4 A and Code Section 1.18.6.1.

1.4 B.2.a Clay masonry — The values of net
area compressive strength of clay masonry in Table 1 were
derived using the following equation taken from Reference 1.1:

fl=A(400+Bf))



http://www.aci-int.org/
http://www.ansi.org/
http://www.astm.org/
http://www.aws.org/
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where f. = average compressive strength of clay masonry
A = 1 (inspected masonry) units, psi
B = 02 for Type N portland cement-lime mortar, 0.25 'n = specified compressive strength of masonry

for Type S or M portland cement-lime mortar

Brick Compressive Strength, f,, MPa
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(a) Prism Strength vs. Brick Strength
(Type S Mortar, Commercial Laboratories)
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Figure SC-1 — Compressive strength of masonry versus clay masonry unit strength
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Compressive Strength of Concrete Masonry Units, MPa
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Figure SC-2 — Compressive strength of concrete masonry versus compressive strength of concrete masonry units

Rearranging terms and letting 4 = 1.0

_ f.1—=400
. B

(These equations are for inch-pound units only.)

These values were based on testing of solid clay masonry
units'! and portland cement-lime mortar. Further testing'?
has shown that the values are applicable for hollow clay
masonry units and for both types of clay masonry units with
all mortar types. A plot of the data is shown in Figure SC-1.

Reference 1.1 uses a height-to-thickness ratio of five
as a basis to establish prism compressive strength. The
Code uses a different method to design for axial stress so it
was necessary to change the basic prism A/ ratio to two.
This corresponds to the //¢ ratio used for concrete masonry
in the Code and for all masonry in other codes. The net
effect is to increase the net area compressive strength of
brick masonry by 22 percent over that in Reference 1.1.

1.4 B.2.b Concrete masonry — In building
codes prior to the Code, the compressive strength of
concrete masonry was based on the net cross-sectional

1.3, 1.4

area of the masonry unit, regardless of whether the prism
was constructed using full or face shell mortar bedding.
Furthermore, in those previous codes, the designer was
required to base axial stress calculations on the net area of
the unit regardless of the type of mortar bedding. This
Code, in contrast, computes the strength of masonry based
on the minimum cross-sectional area of that masonry. If
the masonry is fully grouted, the strength is based on the
specified cross-sectional area, including the grouted area;
if it is ungrouted but fully bedded, the strength is based on
the specified net cross-sectional area; and if it is ungrouted
and face-shell bedded only, the strength is based on the
specified net area of the face shells only.

According to ASTM C1314, compliance with the
specified strength is now determined using a fully bedded
prism either grouted or ungrouted to match the specified
construction. While each of these changes makes the Code
and this Specification easier to use, these changes required a
recalibration of earlier prism test data to account for the
differences between the compressive strength of hollow unit
prisms with full bedding, and those with face-shell bedding.
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Table 2 lists compressive strength of masonry as
related to concrete masonry unit strength and mortar type.
These relationships are plotted in Figure SC-2 along with
data from 329 tests'” ~ "', The curves in Figure SC-2 are
shown to be conservative when masonry strength is based
on unit strength and mortar type. In order to use face shell
bedded prism data in determining the unit strength to
masonry compressive strength relationship used in the
Specification, a correlation factor between face shell
prisms and full bedded prisms was developed. Based on
125 specimens tested with full mortar bedding and face
shell mortar bedding, the correlation factor was
determined to be 1.29'° - "2 The face shell bedded
prism strength multiplied by this correlation factor
determines the full mortar bedded prism strength which is
used in the Code.

The unit height will affect the compressive strength of
masonry. The lateral expansion of the unit due to unit and
mortar incompatibility increases with reduced unit
height''*. A reduction factor in the compressive strength
of masonry is required for masonry constructed of units
less than 4 in. (102 mm) in height, but need not be applied
tomasonry in which occasional units are cut to fit.

1.4 B.2.c AAC masonry — The strength of
AAC masonry, f /¢, is controlled by the strength class of
the AAC unit as defined by ASTM C1386. The strength of
the thin-bed mortar and its bond in compression and shear
will exceed the strength of the unit.

1.4 B.3 Prism test method — The prism test
method described in ASTM C1314 was selected as a
uniform method of testing clay masonry and concrete
masonry to determine their compressive strengths. The
prism test method is used as an alternative to the unit
strength method.

Compliance with the specified compressive strength
of masonry can be determined by the prism method instead
of the unit strength method. ASTM C1314 uses the same
materials and workmanship to construct the prisms as
those to be used in the structure. References 1.14 through
1.18 discuss prism testing. Many more references on the
prism test method parameters and results could be added.
The adoption of ASTM C1314 alleviates most of the
concerns stated in the above references. ASTM Cl1314
replaced ASTM E447, which was referenced in editions of
the Specification prior to 1999.

1.4 C. Adhered veneer requirements — Adhesion
should be verified if a form release agent, an applied
coating, or a smooth surface is present on the backing.

1.5 — Submittals

Submittals and their subsequent acceptance or
rejection on a timely basis will keep the project moving
smoothly. If the specifier wishes to require a higher level
of quality assurance than the minimum required by this
Specification, submittals may be required for one or more
of the following: shop drawings for reinforced masonry
and lintels; sample specimens of masonry units, colored
mortar, each type of movement joint accessory, anchor,
tie, fastener, and metal accessory; and test results for
masonry units, mortar, and grout.

1.6 — Quality Assurance

Quality assurance consists of the actions taken by an
owner or owner’s representative, including establishing
the quality assurance requirements, to provide assurance
that materials and workmanship are in accordance with the
contract documents. Quality assurance includes quality
control measures as well as testing and inspection to verify
compliance. The term quality control was not used in the
Specification because its meaning varies with the
perspective of the parties involved in the project.

The owner and Architect/Engineer may require a
testing laboratory to provide some or all of the tests
mentioned in Specification Tables 3, 4, and 5.

The quality objectives are met when the building is
properly designed, completed using materials complying
with product specifications using adequate construction
practices, and is adequately maintained. Inspection and
testing are important components of the quality assurance
program, which is used to meet the objective of quality in
construction.

Laboratories that comply with the requirements of
ASTM C1093 are more likely to be familiar with masonry
materials and testing. Specifying that the testing agencies
comply with the requirements of ASTM C1093 is suggested.

1.6 A. Testing Agency’s services and duties — No
Commentary

1.6 B. Inspection Agency’s services and duties —
The Code and this Specification require that masonry be
inspected. The allowable stresses used in the Code are based
on the premise that the work will be inspected, and that
quality assurance measures will be implemented. Minimum
testing and minimum inspection requirements are given in
Specification Tables 3, 4, and 5. The Architect/Engineer
may increase the amount of testing and inspection required.
The method of payment for inspection services is usually
addressed in general conditions or other contract documents
and usually is not governed by this article.

1.6 C. Contractor’s services and duties — The
contractor establishes mix designs, the source for supply
of materials, and suggests change orders.
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The listing of duties of the inspection agency, testing
agency, and contractor provide for a coordination of their
tasks and a means of reporting results. The contractor is
bound by contract to supply and place the materials required
by the contract documents. Perfection is obviously the goal,
but factors of safety included in the design method recognize
that some deviation from perfection will exist. Engineering
judgment must be used to evaluate reported deficiencies.
Tolerances listed in Specification Article 3.3 F were
established to assure structural performance and were not
based on aesthetic criteria.

1.6 D. Sample panels — Sample panels should contain
the full range of unit and mortar color. Each procedure,
including cleaning and application of coatings and sealants,
should be demonstrated on the sample panel. The effect of
these materials and procedures on the masonry can then be
determined before large areas are treated. Since it serves as a
comparison of the finished work, the sample panel should be
maintained until the work has been accepted. The specifier
has the option of permitting a segment of the masonry
construction to serve as a sample panel or requiring a
separate stand-alone panel.

1.7 — Delivery, storage, and handling

The performance of masonry materials can be reduced
by contamination by dirt, water, and other materials during
delivery or at the jobsite.

Reinforcement and metal accessories are less prone to
problems from handling than masonry materials.

1.8 — Project conditions
1.8 A and B. — No Commentary

1.8 C. Cold weather construction — The procedure
described in this article represents the committee’s consensus
of current good construction practice and has been framed to
generally agree with masonry industry recommendations''”,

The provisions of Article 1.8 C are mandatory, even if
the procedures submitted under Article 1.5 B.3.a are not
required. The contractor has several options to achieve the
results required in Article 1.8 C. The options are available
because of the climatic extremes and their duration. When
the air temperature at the jobsite or unit temperatures fall
below 40F (4.4C), the cold weather protection plan
submitted becomes mandatory. Work stoppage may be
justified if a short cold spell is anticipated. Enclosures and
heaters can be used as necessary.

Temperature of the masonry mortar may be measured
using a metal tip immersion thermometer inserted into a
sample of the mortar. The mortar sample may be mortar as
contained in the mixer, in hoppers for transfer to the
working face of the masonry or as available on mortar

boards currently being wused. The critical mortar
temperatures are the temperatures at the mixer and mortar
board locations. The ideal mortar temperature is 60 F to 80 F
(15.6 Ct0 26.7 C).

Temperature of the masonry unit may be measured
using a metallic surface contact thermometer.

The contractor may choose to enclose the entire area rather
than make the sequential materials conditioning and protection
modifications. Ambient temperature conditions apply while
work is in progress. Minimum daily temperatures apply to the
time after grouted masonry is placed. Mean daily temperatures
apply to the time after ungrouted masonry is placed.

Grout made with Type III portland cement gains
strength more quickly than grout mixed with Type I portland
cement. This faster strength gain eliminates the need to
protect masonry for the additional 24 hr period.

Construction ~ experience, though not formally
documented, suggests that AAC thin-bed mortar reaches full
strength significantly faster than masonry mortar; however, it
is more sensitive to cold weather applications. AAC masonry
also holds heat considerably longer than concrete masonry.
Cold weather requirements are therefore different for thin-
bed mortar applications as compared to conventional mortar.
Cold weather requirements for leveling course mortar and
grout remain the same as for other masonry products.

1.8 D. Hot weather construction —High temperature
and low relative humidity increase the rate of moisture
evaporation.. These conditions can lead to “dryout” (drying
of the mortar or grout before sufficient hydration has taken
place) of the mortar and grout."*” Dryout adversely affects
the properties of mortar and grout because dryout signals
improper curing and associated reduction of masonry
strength development. The preparation, construction, and
protection requirements in the Specification are minimum
requirements to avoid dryout of mortar and grout and to
allow for proper curing. They are based on industry
practice'' ~ ', More stringent and extensive hot weather
practices may be prudent where temperatures are high,
winds are strong, and humidity is low.

During hot weather, shading masonry materials and
equipment reduces mortar and grout temperatures.
Scheduling construction to avoid hotter periods of the day
should be considered.

See Specification Commentary Article 2.1 for
considerations in selecting mortar materials. The most
effective way of reducing mortar and grout batch
temperatures is by using cool mixing water. Small batches
of mortar are preferred over larger batches to minimize
drying time on mortar boards. Mortar should not be used
after a maximum of 2 hr after initial mixing in hot weather
conditions. Use of cool water to retemper, when tempering
is permitted, restores plasticity and reduces the mortar
temperaturel,l‘),1.2],1.22.
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Most mason’s sand is delivered to the project in a
damp, loose condition with a moisture content of about 4
to 6 percent. Sand piles should be kept cool and in a damp,
loose condition by sprinkling and by covering with a
plastic sheet to limit evaporation.

Research suggests that covering and moist curing of
concrete masonry walls dramatically improves flexural bond
strength compared to walls not covered or moist cured'**.
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PART 2 — PRODUCTS

2.1 — Mortar materials

ASTM C270 contains standards for materials used to
make mortar. Thus, component material specifications
need not be listed. The Architect/Engineer may wish to
include only certain types of materials, or exclude others,
to gain better control.

There are two methods of specifying mortar under
ASTM C270: proportions and properties. The proportions
specification directs the contractor to mix the materials in
the volumetric proportions given in ASTM C270. These
are repeated in Table SC-1. The properties specification
instructs the contractor to develop a mortar mix that will
yield the specified properties under laboratory testing
conditions. Table SC-2 contains the required results
outlined in ASTM C270. The results are submitted to the
owner’s representative and the mix proportions developed
in the laboratory are maintained in the field. Water added
in the field is determined by the mason for both methods
of specifying mortar. A mortar mixed in accordance with
the proportion requirements of Table SC-1 may have
different physical properties than of a mortar of the same
type (i.e. Type M, S, N, or O) mixed in accordance with
proportions established by laboratory testing to meet the
property specification requirements of Table SC-2. Higher

lime content increases workability and water retentivity.
ASTM C270 has an Appendix with information that can
be useful in selecting mortar.

Either proportions or properties, but not both, should
be specified. A good rule of thumb is to specify the
weakest mortar that will perform adequately, not the
strongest. Excessive amounts of pigments used to achieve
mortar color may reduce both the compressive and bond
strength of the masonry. Conformance to the maximum
percentages indicated will limit the loss of strength to
acceptable amounts. Due to the fine particle size, the water
demand of the mortar increases when coloring pigments
are used. Admixtures containing excessive amounts of
chloride ions are detrimental to steel items placed in
mortar or grout.

ASTM C270 specifies mortar testing under laboratory
conditions only for acceptance of mortar mixes under the
property specifications. Field sampling and testing of
mortar is conducted under ASTM C780 and is used to
verify consistency of materials and procedures, not mortar
strength. ASTM C1586 provides guidance on appropriate
testing of mortar for quality assurance.

Table SC-1 — ASTM C270 mortar proportion specification requirements

Proportions by volume (cementitious materials) Aggregate ratio
Mortar Type Portland Mortar Masonry Hydrated lime (measured in
cement or cement cement or lime putty damp, loose
blended M|S|{N|M|S|N conditions)
cement
Cement-lime M 1 - - - - - - Va
S 1 - - - - - - over Y4 to 2
N 1 - - - - - - over 2 to 1V
0 1 i, - | - | -] - | - |overl/ato2% | Notless than 2 Y
Mortar cement M 1 - - 1 - - - - and not more than
M - 1 - - - - - - 3 times the sum of
S 1, _ ) 1 ) ) B _ the separate
S i i 1 i i i i i Volum§§ of
cementitious
N - - - 1 - - - - materials.
o - - - 1 - - - -
Masonry cement M 1 - - - - - 1 -
M - - - - 1 - - -
S Ya - - - - - 1 -
S - - - - - 1 - -
N - - - - - - 1 -
o - - - - - - 1 -

Two air entraining materials shall not be combined in mortar.
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Table SC-2 — ASTM C270 property specification requirements for laboratory prepared mortar

Average Aggregate ratio (measured
compressive Water retention | Air content max, | in damp, loose conditions)
Mortar Type strength at 28 min, percent percent
days, psi (MPa)
Cement-lime M 2500 (17.2) 75 12
S 1800 (12.4) 75 12
N 750 (5.2) 75 14!
o 350 (2.4) 75 14! Not less than 2% and not
Mortar cement M 2500 (17.2) 75 12 more than 3% times the
S 1800 (12.4) 75 12 sum of the
N 750 (5.2) 75 14! separgtg volumes Qf
1 cementitious materials
(0] 350 (2.4) 75 14
Masonry cement M 2500 (17.2) 75 18
S 1800 (12.4) 75 18
N 750 (5.2) 75 207
¢} 350 (2.4) 75 20°

1 When structural reinforcement is incorporated in cement-lime or mortar cement mortar, the maximum air content shall be 12 percent.

2 When structural reinforcement is incorporated in masonry cement mortar, the maximum air content shall be 18 percent.

2.1 A. No Commentary.

2.1 B. Glass unit masonry — In exterior applications,
certain exposure conditions or panel sizes may warrant the
use of mortar type with high bond strength. Type S mortar
has a higher bond strength than Type N mortar. Portland
cement-lime mortars and mortar-cement mortars have a
higher bond strength than some masonry cement mortars of
the same type. The performance of locally available
materials and the size and exposure conditions of the panel
should be considered when specifying the type of mortar.
Manufacturers of glass units recommend using mortar
containing a water-repellent admixture or a cement
containing a water-repellent addition*' ~ ** A workable,
highly water-retentive mortar is recommended for use when
conditions of high heat and low relative humidity exist
during construction.

2.1 C. AAC masonry — ASTM E72 measures the
flexural strength of a full-sized panel, whereas ASTM
E518 and ASTM C1072 measure the flexural strength of
small scale test specimens. ASTM E72 was developed to
provide the most realistic assessment of a wall’s
performance under flexural loading.

2.2 — Grout materials

ASTM C476 contains standards for materials used to
make grout. Thus, component material specifications need
not be listed.

Admixtures for grout include those to increase flow
and to reduce shrinkage. Since self-consolidating grouts
include admixtures and are delivered to the site premixed

or preblended and certified by the manufacturer, the
addition of admixtures in the field is not permitted.

Self-consolidating  grout meets the material
requirements in ASTM C476. Because the mix is highly
fluid, traditional slump cone tests for masonry grout are
not applicable. The material is qualified by measuring its
slump flow and determining its visual stability index using
ASTM C1611/C1611 M.

This article does not apply to prestressing grout; see
Article 2.4 G.1.b

2.3 — Masonry unit materials

2.3 A. Concrete masonry units are made from
lightweight and normal weight aggregate, water, and
cement. The units are available in a variety of shapes,
sizes, colors, and strengths. Since the properties of the
concrete vary with the aggregate type and mix proportions,
there is a range of physical properties and weights
available in concrete masonry units.

Masonry units are selected for the use and appearance
desired, with minimum requirements addressed by each
respective ASTM standard. When particular features are
desired such as surface textures for appearance or bond,
finish, color, or particular properties such as weight
classification, higher compressive strength, fire resistance,
thermal or acoustical performance, these features should
be specified separately by the purchaser. Local suppliers
should be consulted as to the availability of units having
the desired features.
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Concrete brick specified in ASTM C55 and sand-lime
brick specified in ASTM C73 are specified by grade.
ASTM C55 designates two grades: Grade N and Grade S.
Grade N units are for general use, such as in exterior walls
above or below grade, which may or may not be exposed
to the weather. Grade S units are limited to use above
grade in exterior walls with weather-protective coatings
and in walls not exposed to weather.

ASTM C73 designates sand-lime brick as either
Grade SW or Grade MW. Grade SW brick are intended for
use where they will be exposed to freezing temperatures in
the presence of moisture. Grade MW brick are limited to
applications in which they may be subjected to freezing
temperature but in which they are unlikely to be saturated
with water.

Table SC-3 summarizes the requirements for various

concrete masonry units given in the referenced standards.

ASTM C744 covers the properties of units that have a

resin facing on

them. The units

must meet

requirements of one of the other referenced standards.

the
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2.3 B. Clay or shale masonry units are formed from
those materials and referred to as brick or tile. Clay
masonry units may be molded, pressed, or extruded into
the desired shape. Physical properties depend upon the raw
materials, the method of forming, and the firing
temperature. Incipient fusion, a melting and joining of the
clay particles, is necessary to develop the strength and
durability of clay masonry units. A wide variety of unit
shapes, sizes, colors, and strengths is available.

The intended use determines which standard
specification is applicable. Generally, brick units are
smaller than tile, tile is always cored, and brick may be
solid or cored. Brick is normally exposed in use and most
tile is covered. Grade or class is determined by exposure
condition and has requirements for durability, usually
given by compressive strength and absorption.
Dimensional variations and allowable chips and cracks are
controlled by type.

Table SC-4 summarizes the requirements given in the
referenced standards.

Table SC-3 — Concrete masonry unit requirements

ASTM
Specification Unit name Strength Weight Type Grade
C55 Concrete brick yes yes yes yes
C73 Sand lime brick yes no no yes
C90 Load-bearing yes yes yes no
C129 Nonload bearing yes yes yes no
C744 Prefaced — — — —
Table SC-4 — Clay brick and tile requirements
Minimum
ASTM % Grade
Specification Unit name solid Strength Weight Type
C34 Load bearing wall tile a yes yes no
C56 Nonload bearing wall tile b no yes no
C62 Building brick (solid) 75 yes yes no
Cl126 Ceramic glazed units c yes no yes
C212 Structural facing tile b yes no yes
C216 Facing brick (solid) 75 yes yes yes
C652 Hollow brick a yes yes yes

Notes:
a A minimum percent is given in this specification. The percent solid is a function of the requirements for size and/or number
of cells as well as the minimum shell and web thicknesses.
No minimum percent solid is given in this specification. The percent solid is a function of the requirements for the number
of cells and weights per square foot.
Solid masonry units minimum percent solid is 75 percent. Hollow masonry units — no minimum percent solid is given in

this specification. Their percent solid is a function of the requirements for number of cells and the minimum shell and web

b

C

thicknesses.
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2.3 C. Stone masonry units are typically selected by
color and appearance. The referenced standards classify
building stones by the properties shown in Table SC-5. The
values given in the standards serve as minimum
requirements. Stone is often ordered by a particular quarry
or color rather than the classification method in the standard.

2.3 D. Hollow glass masonry units are formed by
fusing two molded halves of glass together to produce a
partial vacuum in the resulting cavity. The resulting glass
block units are available in a variety of shapes, sizes, and

MANUAL OF CONCRETE PRACTICE

23E. AAC masonry units are specified by both
compressive strength and density. Various density ranges are
given in ASTM C1386 for specific compressive strengths.
Generally, the density is specified based on consideration of
thermal, acoustical, and weight requirements. While ASTM
C1386 provides both minimum compressive strength and
corresponding average compressive strength values, AAC
masonry is structurally designed based on the specific
minimum compressive strength of the AAC material as
determined by ASTM C1386.

patterns.  Underwriters Laboratories inspects the
manufacturlng and quality cont.rol operations of gl.'flss 2.4 — Reinforcement, prestressing tendons, and
block production on a regular basis for UL-approved units. .
The minimum face thickness is part of that inspection*. metal accessories
. . See Table SC-6 for a summary of properties.
The block edges are usually treated in the factory with
a coating tha.t can be clear or opaque. The primary purpose 2.4 A. Reinforcing steel — No Commentary
of the coating is to provide an expansion/contraction
mechanism to reduce stress cracking and to improve the
mortar bond.
Table SC-5 — Stone requirements
ASTM Compressi | Modulus Abrasion Acid resistance
Specification Stone Absorption Density ve strength | of rupture resistance
C503 Marble minimum range minimum | minimum | minimum none
C568 Limestone | range range range range range none
C615 Granite minimum minimum | minimum minimum | minimum none
C616 Sandstone | range range range range range none
C629 Slate range none none minimum | minimum range
Table SC-6 — Reinforcement and metal accessories
ASTM Yield strength, Yield stress,
specification Material Use ksi (MPa) MPa
A36/A36M Structural steel Connectors 36 (248.2) 250
A82/ A2 M Steel wire Joint reinforcement, ties 70 (482.7) 485
A167 Stainless steel Bolts, reinforcement, ties 30 (206.9) 205
A185/A185M | Steel welded wire | Welded wire reinforcement 75 (517.1) 485
reinforcement
A307 Carbon steel Connectors a —
A366/A366M Carbon steel Connectors — —
A496/ A496 M Steel wire Reinforcement 75 (517.1) 485
A497/A497M | Steel welded wire Reinforcement, welded 70 (482.7) 485
reinforcement wire reinforcement
A615/A615M Carbon-steel Reinforcement 40, 60 (275.8, 413.7) 300, 420
A996/A996M | Rail and axle steel Reinforcement 40, 50, 60 (275.8, 344. 0, 350, 30
420 8, 413.7)
A706/A706M Low-alloy steel Reinforcement 60 (413.7) —

a  ASTM does not define a yield strength value for ASTM A 307, Grade A anchor bolts.
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2.4 B. Prestressing tendons — The constructability
aspects of prestressed masonry favor the use of rods or
rigid strands with mechanical anchorage in ungrouted
construction. Mild strength steel bars have been used in
prestressed masonry installations in the United States™’. If
mild strength bars (of less than 150 ksi [1034 MPa]) are
used, determine the stress-relaxation characteristics by
tests and document the results.

2.4 C and D. — No Commentary

2.4 E. Stainless steel — Corrosion resistance of
stainless steel is greater than that of the other steels listed.
Thus, it does not have to be coated for corrosion
resistance.

24 F. Coatings for corrosion protection — Amount of
galvanizing required increases with severity of exposure™® -
8 Project documents should specify the level of corrosion
protection as required by Code Section 1.15.4.

2.4 G. Corrosion protection for tendons — The
specified methods of corrosion protection for unbonded
prestressing tendons are consistent with corrosion
protection requirements developed for single-strand
prestressing tendons in concrete®’. Unit, mortar, and grout
cover is not sufficient corrosion protection for bonded
prestressing tendons in a corrosive environment. Therefore,
complete encapsulation into plastic ducts is required. This
requirement is consistent with corrosion protection for
unbonded tendons. Alternative methods of corrosion
protection, such as the use of stainless steel tendons or
galvanized tendons, are permitted. Evidence should be
provided that the galvanizing used on the tendons does not
cause hydrogen embrittlement of the prestressing tendon.

Protection of prestressing tendons against corrosion is
provided by a number of measures. Typically, a proprietary
system is used that includes sheathing the prestressing
tendon with a waterproof plastic tape or duct. Discussion of
the wvarious corrosion protection systems used for
prestressed masonry is available in the literature*'’. One
example of a corrosion protection system for the
prestressing tendon is shown in Figure SC-3.

Chlorides, fluorides, sulfites, nitrates, or other
chemicals in the prestressing grout may harm prestressing
tendons and should not be used in harmful concentrations.

Historically, aggregates have not been used in grouts for
bonded, post-tensioned concrete construction.

2.4 H. Prestressing anchorages, couplers, and end
blocks — Typical anchorage and coupling devices are
shown in Figure SC-4. Strength of anchorage and coupling
devices should be provided by the manufacturer.

Protection of anchorage devices typically includes filling
the opening of bearing pads with grease, grouting the recess
in bearing pads, and providing drainage of cavities housing
prestressing tendons with base flashing and weep holes.
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When anchorages and end fittings are exposed,
additional precautions to achieve the required fire ratings and
mechanical protection for these elements must be taken.

| __— Prestressing Tendon

/ Permanent Corrosion
Preventive Grease

/- Plastic Sheath

-

Galvanized Steel or
Plastic Pipe

Figure SC-3 — An example of a corrosion protection
system for an unbonded tendon

2.5 — Accessories

2.5 A. and B. Movement joints are used to allow
dimensional changes in masonry, minimize random wall
cracks, and other distress. Contraction joints (also called
control joints or shrinkage joints) are used in concrete
masonry to accommodate shrinkage. These joints are free
to open as shrinkage occurs. Expansion joints permit clay
brick masonry to expand. Material used in expansion
joints must be compressible.

Placement of movement joints is recommended by
several publications™''"*'*. Typical movement joints are
illustrated in Figure SC-5. Shear keys keep the wall sections
on either side of the movement joint from moving out of
plane. Proper configuration must be available to fit properly.

ASTM (€920 covers elastomeric joint sealants, either
single or multi-component. Grade NS, Class 25, Use M is
applicable to masonry construction. Expansion joint fillers
must be compressible so the anticipated expansion of the
masonry can occur without imposing stress.

2.5 C. No Commentary.
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/ STRESSING ANCHORAGE

3y Prefabricated Reinforced
wv ==y Concrete Capping Element

Galvanized Steel or
Plastic Pipe

| _——Threaded Sleeve

Tendon Cavity Grouted Solid
with Lateral Restraints Required

Reinforced Concrete
Foundation as Required

Prestressing Tendon in
Plastic Sheath

\ SELF-ACTIVATING

DEAD END ANCHORAGE
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Threaded Prestressing
Tendon

Load Indicator Washer

Steel Bearing Plate

Special Bearing
Masonry Unit

Corrosion Protection for
Prestressing Tendon
Not Shown

Tendon Coupler

Reinforced Concrete
Foundation as Required

Figure SC-4 — Typical anchorage and coupling devices for prestressed masonry

2.5 D. Masonry cleaner — Adverse reactions can
occur between certain cleaning agents and masonry units.
Hydrochloric acid has been observed to cause corrosion of
metal ties. Care should be exercised in its use to minimize
this potential problem. Manganese staining, efflorescence,
“burning” of the units, white scum removal of the cement
paste from the surface of the joints, and damage to metals
can occur through improper cleaning. The manufacturers
of the masonry wunits should be consulted for
recommended cleaning agents.

2.6 — Mixing
2.6 A. Mortar — No Commentary

2.6 B. Grout — ASTM C476 permits grout to be
specified by proportion or strength requirements with fine
grout and coarse grout as the two types. ASTM proportion
requirements are given in Table SC-7.

The permitted ranges in the required proportions of
fine and coarse aggregates are intended to accommodate
variations in aggregate type and gradation. As noted in
Specification Table 7, the selection of the grout type
depends on the size of the space to be grouted. Fine grout
is selected for grout spaces with restricted openings.
Coarse grout specified under ASTM C476 has a maximum
aggregate size that will pass through a 3/8 in. (9.5 mm)
opening. Larger aggregate, conforming to ASTM C33, can
be specified if the grout is placed in areas of unobstructed
dimensions greater than 6 in. (152 mm).

Grout meeting the proportion specifications of ASTM
C476 typically has compressive strength ranges shown in Table

SC-8 when measured by ASTM C1019. Grout compressive
strength is influenced by the water cement ratio, aggregate
content, and the type of units used.

Since grout is placed in an absorptive form made
of masonry units, a high water content is required. A
slump of at least 8 in. (203 mm) provides a mix fluid
enough to be properly placed and supplies sufficient water
to satisfy the water demand of the masonry units.

Small cavities or cells require grout with a higher
slump than larger cavities or cells. As the surface area
and unit shell thickness in contact with the grout
decrease in relation to the volume of the grout, the slump
of the grout should be reduced. Segregation of materials
should not occur.

The grout in place will have a lower water-cement
ratio than when mixed. This concept of high slump and
absorptive forms is different from that of concrete.

Job site proportioning of self-consolidating grout is not
permitted since the mixes can be sensitive to variations in
proportions, and tighter quality control on the mix is
required than can be achieved in the field. Typically, self-
consolidating grout comes ready mixed from the
manufacturer. Self-consolidating grout may also be
available as a preblended dry mix requiring the addition of
water at the job site. Manufacturers provide instructions on
proper mixing techniques and amount of water to be
added. Slump values for self-consolidating grout are
expressed as a slump flow because they exceed the 8 in. to
11 in. (203 to 279 mm) slump range for non self-
consolidating grouts.



COMMENTARY ON SPECIFICATION FOR MASONRY STRUCTURES SC-17

Building
Paper

YRR RA

Core Filled
with Mortar

Caulk
Control Joint Unit
Control Block

Preformed Gasket

Sash Block Units

Rake Joint Approx.
% in. (19 mm) and Caulk

Gasket Type Raked Joint
Contraction Joint Contraction Joint
Compressive \ Compressible Material
Materials SO .Yo;;&ouw.’;jc b;:YoY‘YaYAVQVAYa
X 1K
& 0% 62656

Double Wythe Masonry Single Wythe Masonry

e Expansion Joint

51 5

Compressible Material

Grouted Multiwythe Masonry

Figure SC-5 — Movement joints

Table SC-7 — Grout proportions by volume

Aggregate damp, loose'
Grout type Cement Lime Fine Coarse
Fine 1 0to 1/10 2%t03 —
Coarse 1 0to 1/10 2%to3 1to2
" Times the sum of the volumes of the cementitious materials
Table SC-8 — Grout strengths
Compressive strength, psi (MPa)

Grout type Location Low Mean High Reference
Coarse Lab 1,965 (13.55) | 3,106 (21.41) | 4,000 (27.58) 2.16
Coarse Lab 3,611 (24.90) | 4,145(28.58) | 4,510 (31.10) 2.17
Coarse Lab 5,060 (34.89) | 5,455(37.61) | 5,940 (40.96) 2.18
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2.7 — Fabrication

2.7 A. Reinforcement — ACI 117 Specifications for
Tolerances for Concrete Construction and Materials and
Commentary contains fabrication tolerances for steel
reinforcement. Recommended methods and standards for
preparing design drawings, typical details, and drawings for
the fabrications and placing of reinforcing steel in reinforced
concrete structures are given in ACI 315> and may be used
as a reference in masonry design and construction.

2.7 B. Prefabricated masonry — ASTM C901 covers
the requirements for prefabricated masonry panels,
including materials, structural design, dimensions and
variations, workmanship, quality control, identification,
shop drawings, and handling.

References

2.1. “PC Glass Block Products,” (GB 185), Pittsburgh
Corning Corp., Pittsburgh, PA, 1992.

2.2. “WECK Glass Blocks,” Glashaus Inc., Arlington
Heights, IL, 1992.

2.3. Beall, C., "Tips on Designing, Detailing, and
Specifying Glass Block Panels,” The Magazine of
Masonry Construction, 3-89, Addison, IL, pp 92 - 99.

2.4. “Follow up Service Procedure,” (File R2556),
Underwriters Laboratories, Inc., Northbrook, IL, Ill.1, Sec.
1, Vol. 1.

2.5 Schultz, A.E. and Scolforo, M.J., ‘An Overview of
Prestressed Masonry,” The Masonry Society Journal, V.
10, No. 1, The Masonry Society, Boulder, CO, August
1991, pp. 6-21.

2.6. Grimm, C.T., “Corrosion of Steel in Brick
Masonry,” Masonry:  Research, Application, and
Problems, STP-871, ASTM, Philadelphia, PA, 1985, pp.
67-87.

2.7. Catani, M.J., “Protection of Embedded Steel in
Masonry,” Construction Specifier, V. 38, No. 1,
Construction Specifications Institute, Alexandria, VA, Jan.
1985, p. 62.

MANUAL OF CONCRETE PRACTICE

2.8. “Steel for Concrete Masonry Reinforcement,”
NCMA TEK 12-4A, National Concrete Masonry
Association, Herndon, VA, 1995, 6 pp.

2.9. “Specifications for Unbonded Single Strand
Tendons,” Post-Tensioning Manual, 5th Edition, Post-
Tensioning Institute, Phoenix, AZ, 1990, pp. 217-229.

2.10. Garrity, S.W., "Corrosion Protection of
Prestressing Tendons for Masonry,” Proceedings, Seventh
Canadian Masonry Symposium, McMaster University,
Hamilton, Ontario, June 1995, pp. 736-750.

2.11. Grimm, C.T., "Masonry Cracks: A Review of
the Literature,” Masonry: Materials, Design,
Construction, and Maintenance, STP-992, ASTM,
Philadelphia, PA, 1988.

2.12. “Volume Changes — Analysis and Effects of
Movement,” Technical Notes on Brick Construction 18,
Brick Industry Association, Reston, VA, Oct. 2006, 9 pp.

2.13. “Accommodating Expansion of Brickwork”,
Technical Notes on Brick Construction 184, Brick
Industry Association, Reston, VA, Oct. 2006, 11 pp.

2.14.  “Control Joints for Concrete Masonry Walls-
Empirical Method,” NCMA TEK 10-2B, National Concrete
Masonry Association, Herndon, VA, 2005, 4 pp.

2.15.  “Details and Detailing of Concrete
Reinforcement, ACI 315-99, American Concrete Institute,
Farmington Hills, MI.

2.16. ACI-SEASC Task Committee on Slender Walls,
"Test Report on Slender Walls,” ACI Southern California
Chapter/Structural Engineers Association of Southern
California, Los Angeles, CA, 1982, 125 pp.

2.17. Li, D., and Neis, V.V., “The Performance of
Reinforced Masonry Beams Subjected to Reversal Cyclic
Loadings,”  Proceedings, 4th Canadian Masonry
Symposium, Fredericton, New Brunswick, Canada, June
1986, V. 1, pp. 351-365.

2.18. Unpublished Field Test Report, File 80-617,
B'Nai B'Rith Housing, Associated Testing Laboratories,
Houston, TX, 1981.



COMMENTARY ON SPECIFICATION FOR MASONRY STRUCTURES

SC-19

PART 3 — EXECUTION

3.1 — Inspection

3.1 A. The tolerances in this Article are taken from
Reference 3.1. The dimensional tolerances of the
supporting concrete are important since they control such
aspects as mortar joint thickness and bearing area
dimensions, which influence the performance of the
masonry. Tolerances for variation in grade or elevation are
shown in Figure SC-6. The specified width of the
foundation is obviously more critical than its specified
length. A foundation wider than specified will not
normally cause structural problems.

3.2 — Preparation
3.2 A and B. — No Commentary

3.2 C. Wetting masonry units — Concrete masonry
units increase in volume when wetted and shrink upon
subsequent drying. Water introduced during wet cutting is
localized and does not significantly affect the shrinkage
potential of concrete masonry. Clay masonry units with
high absorption rates dry the mortar/unit interface. This
may result in a lower extent of bond between the units and
mortar, which may create paths for moisture intrusion.
Selection of compatible units and mortar can mitigate this
effect.

3.2 D. Debris — Continuity in the grout is critical for
uniform stress distribution. A clean space to receive the
grout is necessary for this continuity. Inspection of the
bottom of the space prior to grouting is critical to ensure
that it is substantially clean and does not have

10 ft (3 m) 10 ft (3 m)

10 ft (3 m)

accumulations of materials that would prevent continuity
of the grout.

3.2 E. Reinforcement — Loss of bond and misalignment
of the reinforcement can occur if it is not placed prior to
grouting.

3.2 F. Cleanouts — Cleanouts can be constructed by
removing the exposed face shell of units in hollow unit
grouted masonry or individual units when grouting
between wythes. The purpose of cleanouts is to allow the
grout space to be adequately cleaned prior to grouting.
They can also be used to verify reinforcement placement
and tying.

3.3 — Masonry erection

Article 3.3 B applies to masonry construction in
which the units support their own weight. Face shell
mortar bedding of hollow units is standard, except in
locations detailed in Specification 3.3 B.3.b. If full mortar
beds throughout are required for structural capacity, for
example, the specifier must so stipulate in the Project
Specifications or Project Drawings.

Article 3.3 C applies to adhered veneer in which the
backing supports the weight of the units. This basic
method has served satisfactorily since the early 1950s.
Properly filled and tooled joints (3.3 C.4) are essential for
proper performance of adhered veneer.

10 ft (3 m) 10 ft (3 m)
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Figure SC-6 — Tolerance for variation in grade or elevation
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Tolerances are established to limit eccentricity of
applied load. Since masonry is usually used as an exposed
material, it is subjected to tighter dimensional tolerances
than those for structural frames. The tolerances given are
based on structural performance, not aesthetics.

The provisions for cavity width shown are for the
space between wythes of non-composite masonry. The
provisions do not apply to situations where masonry
extends past floor slabs, spandrel beams, or other
structural elements.

The remaining provisions set the standard for quality
of workmanship and ensure that the structure is not
overloaded during construction.

3.3.A — B.6 — No Commentary

3.3.B.7 AAC Masonry — AAC masonry can be cut,
shaped and drilled with tools that are capable of cutting
wood; however, saws, sanding boards, and rasps
manufactured for use with AAC are recommended for
field use. Since thin-bed mortar joints do not readily allow
for plumbing of a wall, the ability of AAC masonry to be
easily cut and shaped allows for field adjustment to attain
required tolerances.

3.3.C and D — No Commentary

3.3E For guidance on bracing of masonry walls for
wind, consult Standard Practice for Bracing Masonry
Walls Under Construction®”.

3.4 — Reinforcement, tie, and anchor installation
The requirements given ensure that:

a. galvanic action is inhibited,

b. location is as assumed in the design,

c. there is sufficient clearance for grout and mortar to
surround reinforcement, ties, and anchors so stresses
are properly transferred,

d. corrosion is delayed, and

o

compatible lateral deflection of wythes is achieved.

Tolerances for placement of reinforcement in masonry first
appeared in the 1985 Uniform Building Code™*.
Reinforcement location obviously influences structural
performance of the member. Figure SC-7 illustrates
several devices used to secure reinforcement.
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Figure SC-7 — Typical reinforcing bar positioners

3.4.A — B.5 — No Commentary

3.4 B.6 Noncontact lap splices — Lap splices
may be constructed with the bars in adjacent grouted cells
if the requirements of this section are met.

3.4 B.7 — B.8(¢) — No Commentary

3.4 B.8 (d) Misaligned foundation dowels may
interfere with placement of the masonry units. Interfering
dowels may be bent in accordance with this provision (see
Figure SC-8) ** *°. Removing a portion of the web to
better accommodate the dowel may also be acceptable as
long as the dowel is fully encapsulated in grout and
masonry cover is maintained.

3.4 C. Wall ties — The Code does not permit the use
of cavity wall ties with drips, nor the use of Z-ties in
ungrouted, hollow unit masonry. The requirements for
adjustable ties are shown in Figure SC-9.

3.4 D. Anchor bolts — No Commentary.

3.4 E. Veneer anchors — Minimum embedment
requirements have been established for each of the anchor
types to ensure load resistance against push-through or
pullout of the mortar joint.
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Figure SC-8 — Permitted Bending of Foundation Dowels
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Figure SC-9 — Adjustable ties

3.5 — Grout placement

Grout may be placed by pumping or pouring from
large or small buckets. The amount of grout to be placed
and contractor experience influence the choice of
placement method.

The requirements of this Article do not apply to
prestressing grout.

3.5 A. Placing time — Grout placement is often
limited tol’% hours after initial mixing, but this time period
may be too long in hot weather (initial set may occur) and
may be unduly restrictive in cooler weather. One indicator

that the grout has not reached initial set is a stable and
reasonable grout temperature. However, sophisticated
equipment and experienced personnel are required to
determine initial set with absolute certainty.

3.5B. Confinement — Certain locations in the wall
may not be grouted in order to reduce dead loads or allow
placement of other materials such as insulation or wiring.
Cross webs adjacent to cells to be grouted can be bedded
with mortar to confine the grout. Metal lath, plastic
screening, or other items can be used to plug cells below
bond beams.
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3.5C. Grout pour height — Table 7 in the
Specification has been developed as a guide for grouting
procedures. The designer can impose more stringent
requirements if so desired. The recommended maximum
height of grout pour (see Figure SC-10) corresponds with the
least clear dimension of the grout space. The minimum width
of grout space is used when the grout is placed between
wythes. The minimum cell dimensions are used when
grouting cells of hollow masonry units. As the height of the
pour increases, the minimum grout space increases. The grout
space dimensions are clear dimensions. See the Commentary
for Section 1.19.1 of the Code for additional information.

Grout pour heights and minimum dimensions that meet
the requirements of Table 7 do not automatically mean that
the grout space will be filled.

Grout spaces smaller than specified in Table 7 have
been used successfully in some areas. When the contractor
asks for acceptance of a grouting procedure that does not
meet the limits in Table 7, construction of a grout
demonstration panel is required. Destructive or non-
destructive evaluation can confirm that filling and adequate
consolidation have been achieved. The Architect/Engineer
should establish criteria for the grout demonstration panel to
assure that critical masonry elements included in the
construction will be represented in the demonstration panel.
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Because a single grout demonstration panel erected prior to
masonry construction cannot account for all conditions that
may be encountered during construction, the
Architect/Engineer should establish inspection procedures to
verify grout placement during construction. These
inspection procedures should include destructive or non-
destructive evaluation to confirm that filling and adequate
consolidation have been achieved.

3.5 D. Grout lift height — A lift is the height to which
grout is placed into masonry in one continuous operation
(see Figure SC-10). After placement of a grout lift, water is
absorbed by the masonry units. Following this water loss, a
subsequent lift may be placed on top of the still plastic grout.

Grouted construction develops fluid pressure in the
grout space. Grout pours composed of several lifts may
develop this fluid pressure for the full pour height. The faces
of hollow units with unbraced ends can break out. Wythes
may separate. The wire ties between wythes may not be
sufficient to prevent this from occurring. Higher lifts may be
used with self-consolidating grout because its fluidity and its
lower initial water-cement ratio result in reduced potential
for fluid pressure problems.

Grout pour 2

Masonry constructed to the height

Cleanout (required when the grout pour |
height is greater than 5 ft (1.52 m)) typ.

Dowels if required by design

Grout lift 1A | Grout lift 1B Grout lift 1C | Groutlift 1D | Grout lift 1E || Grout lift 2A

of Pour 1 and then grouted in lifts

Notes:

1. After completing grouting for Pour 1,
construct masonry to the height of Pour 2
and then grout in lifts.

2. Adhere to the pour height limitations
shown in Specification Table 7 and the lift
height limitations of Specification Article
3.5 D unless other construction procedures
are documented as producing acceptable
results via an approved grout
demonstration panel.

Grout pour 1

Cleanout (required when the grout pour
height is greater than 5 ft (1.52 m)) typ.

\ Grout (typ.)

Figure SC-10 — Grout pour height and grout lift height
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The 4-hour time period is stipulated for grout lifts
over 5 ft (1.52 m) to provide sufficient curing time to
minimize potential displacement of units during the
consolidation and reconsolidation process. The 4 hours is
based on typical curing conditions and may be increased
based on local climatic conditions at the time of
construction. For example, during cold weather
construction, consider increasing the 4-hour curing period.
Cleanouts are required for pours over 5 ft (1.52 m). When
a wall is to be grouted with self-consolidating grout, the
grout lift height is not restricted by intermediate,
reinforced bond beam locations because self-consolidating
grout easily flows around reinforcing bars>®>”

3.5 E. Consolidation — Except for self-consolidating
grout, consolidation is necessary to achieve complete
filling of the grout space. Reconsolidation returns the
grout to a plastic state and eliminates the voids resulting
from the water loss from the grout by the masonry units. It
is possible to have a height loss of 8 in. (203 mm) in 8 ft
(2.44 m).

Consolidation and reconsolidation are normally
achieved with a mechanical vibrator. A low velocity
vibrator with a % in. (19.1 mm) head is used. The vibrator
is activated for one to two seconds in each grouted cell of
hollow unit masonry. When double open-end units are
used, one cell is considered to be formed by the two open
ends placed together. When grouting between wythes, the
vibrator is placed in the grout at points spaced 12 to 16 in.
(305 to 406 mm) apart. Excess vibration does not improve
consolidation and may blow out the face shells of hollow
units or separate the wythes when grouting between
wythes.

3.5F. Grout key — The top of a grout pour should
not be located at the top of a unit, but at a minimum of 1%
in. (38 mm) below the bed joint.

If a lift of grout is permitted to set prior to placing the
subsequent lift, a grout key is required within the grout
pour. This setting normally occurs if the grouting is
stopped for more than one hour.

3.6 — Prestressing tendon installation and

stressing procedure

Installation of tendons with the specified tolerances is
common practice. The methods of application and
measurement of prestressing force are common techniques
for prestressed concrete and masonry members. Designer,
contractor, and inspector should be experienced with
prestressing and should consult the Post-Tensioning
Institute’s Field Procedures Manual for Unbonded Single
Strand Tendons®® or similar literature before conducting
the Work. Critical aspects of the prestressing operation
that require inspection include handling and storage of the
prestressing tendons and anchorages, installation of the
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anchorage hardware into the foundation and capping
members, integrity and continuity of the corrosion
protection system for the prestressing tendons and
anchorages, and the prestressing tendon stressing and
grouting procedures.

The design method in Code Chapter 4 is based on an
accurate assessment of the level of prestress. Tendon
elongation and tendon force measurements with a
calibrated gauge or load cell or by use of a calibrated
dynamometer have proven to provide the required
accuracy. For tendons using steels of less than 150 ksi
(1034 MPa) strength, Direct Tension Indicator (DTI)
washers also provide adequate accuracy. These washers
have dimples that are intended to compress once a
predetermined force is applied on them by the prestressing
force. These washers were first developed by the steel
industry for use with high-strength bolts and have been
modified for use with prestressed masonry. The designer
should verify the actual accuracy of DTI washers and
document it in the design.

Burning and welding operations in the vicinity of
prestressing tendons must be carefully performed since the
heat may lower the tendon strength and cause failure of the
stressed tendon.

3.7 — Field quality control

3.7 A. The specified frequency of testing must equal
or exceed the minimum requirements of the quality
assurance tables.

3.7B. ASTM CI1019 requires a mold for the grout
specimens made from the masonry units that will be in
contact with the grout. Thus, the water absorption from the
grout by the masonry units is simulated. Sampling and
testing frequency may be based on the volume of grout to
be placed rather than the wall area.
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MANUAL OF CONCRETE PRACTICE

Foreword to Specification Checklists
F1. No Commentary

F2. Building codes (of which this standard is a part
by reference) set minimum requirements necessary to
protect the public. Project specifications may stipulate
requirements more restrictive than the minimum.
Adjustments to the needs of a particular project are
intended to be made by the Architect/Engineer by
reviewing each of the items in the Checklists and then
including the Architect/Engineer’s decision on each item
as a mandatory requirement in the project specifications.

F3 The Checklists are addressed to each item of this
Specification where the Architect/Engineer must or may
make a choice of alternatives; may add provisions if not
indicated; or may take exceptions. The Checklists consist
of two columns; the first identifies the sections, parts, and
articles of the Specification, and the second column
contains notes to the Architect/Engineer to indicate the
type of action required by the Architect/Engineer.



INDEX

A
AAC masonry......... C-65—71, CC-93—96, S-17, SC-14
anchor bolts in ........ccccooovvuveeeeiieeeeneeenee, C-65, CC-93
coefficients of thermal expansion............. C-17,CC-12
compressive strength requirements.............oceeeveeenennen.
.................................................... C-65, S-10, CC-93
CONSEIUCTION ... S-24, SC-20
creep Coefficient .......ooeveeereeiericnienercrecceeene C-17
AefINItION ...ooovveveeeieeeeeeeee s C-13, S-5
design ....ooeenieiiieeee C-65—71, CC-93—96
empirical / veneer limitations ..................... C-51, C-59
modulus of elasticity........ccceveevieierienenns C-17,CC-12
F10167 (P2 o £ ) SRR S-17, S-24
protection in cold weather ..............ccceenee. S-14, SC-9
protection in hot weather............ccoceevervenieenennen. S-15
seismic requirements ................ C-21—25, CC-27—32
shear walls.......... C-21-25, C-70, CC-27—32, CC-96
shrinkage coefficient ............ccoecvevereennen. C-17,CC-12
Acceptable, accepted - definition ..........cccoeceeveereennnnns S-5
Adhered veneer...................... C-59, C-62, CC-83—CC87
adhesion requirements.......... C-62, S-10, CC-87, SC-8
16 1S5 F1 0115 (o) o AP C-16, S-6
placement...........ccoeeenieiiinieneennen. C-62, S-24, CC-85
thickness, Maximum.........ccccceoovveeeevneeeeeneeeennen. C-62

Adhesion .... see Adhered veneer, adhesion requirements

Adjustable anchors/ties...... C-30, C-31, C-60, C-61, S-26
.............................. CC-38, CC-40, CC-86, SC-20, SC-21
Admixtures
fOr Grout ..c.oovveeieiieieeeeeee e, S-17, SC-12
FOr MOTTAT .....vveiieeiieeeeee e S-22, SC-11
Allowable forces, load, strengths, and stresses
anchor bolts ...........ooevvevveevereeineeens C-29, C-30 CC-37
compression, axial and flexural........ C-33, C-35,C-47,
...... C-52, C-53, CC-45—48, CC-72, CC-77, CC-78
empirical requirements.......... C-52, C-53, C-54, CC-78
NOLALIONS ..eevieevieeiieecireeeie e C-10, C-11
prestressing tendon ...........cocceeceeiirieiens C-47, CC-72,
reinforced masonry................. C-35, C-36, CC-48—51
shear ......ccccovvveeveeecneennne. C-33, C-35, C-36,CC-48—51
steel reinforcement ............cooevveevnveeennnen. C-35, CC-48
TENSION .ttt e C-33—35
unreinforced masonry............. C-33, C-34, CC-45—48
Allowable stress design method .............. C-9, C-29—36,
......................................................... CC-7,CC-37—53

ANCROT(S) e euvieerieeieeeiesieie ettt ve b eraeseeens S-18
adjustable........ccccceevreenenen. see Adjustable anchors/ties
DOIES .ot see Anchor bolt(s)
corrugated sheet metal.......... C-60, C-61, S-26, CC-86
defiNItion ...oc.eeveeieeiecceeee e C-13
installation .........c..ccoeeeeveeiiieeeeneea, S-26, S-25, SC-20
material specifications..........coccecveevereervencnencnenne. S-18
panel anchors, for glass unit masonry......... C-64, S-18,

.............................................................. S-27, CC-90
pintle.......ccooeeeinrnene C-31, C-61, S-26, CC-40, SC-21
PIOtECtiON. ..covieeieiieiieiieeeeee e C-20, S-18, S-19
pullout............... C-13, C-29, C-37, C-61, C-85, CC-23
1T KOTSRS C-29
VENEET ..eeeeeeenirrreeeeeeeeivereennes C-60, S-26, CC-84 — 86
WITC coenieiteieeenie sttt C-60, S-18, S-26

Anchor bolts .........c.c........ see also Bent-bar anchors and
Headed anchor bolts .........ccecveeiiriinienieieeeeeen
AAC masonry provisions ............cceeeeeee C-65, CC-93
ASD provisions ..........ccceceeeverueennen. C-29, C-30, CC-37
embedment length ..............cocoee. C-21, CC-23—26
in columns, seismic requirements...............ce.ee..... C-24
material specifications ..........cceceeveereerienienieneenne. S-18
SD Provisions ......cc..cecceeeeeveeneenene C-37, C-38, CC-55
teSt TEQUITEMENTS. ..c.vveeeeeeeieriieriieiceieeeee e C-29

Anchorage
dEtalS couvieiieiiciece s C-9
empirical design ......ccoocvevvevieiiereeieee, C-57, CC-78
SCISIMIC ..ovvveeieieeieereeie e C-21—25, CC-27,CC-31
tendon ...see Tendon anchorages, couplers, end blocks

Anchored veneer..........ccoceeevnn.... C-59—62, CC-83—385
definItion ....c.eocveeiieieceeeee e C-16
seismic requirements ....................... C-61, C62, CC-86

Architect
efiNItioN ..oovveiieieeie e S-5

Area
bearing.......cocceveveeevevenencncneneene. C-10, C-18, CC-16
bearing, for AAC masonry .....C-65, C-66, CC-93—95
cross-sectional ..........c.ccveeee. see Cross-sectional area
AefINItION ..vveeviieiieeiie e e C-13
net cross-sectional .................. see Cross-sectional area
projected .....oovevieiieienrieieeieeeen C-10, C-21, CC-23
SECtion Properties.......c.oevveeeerreenenns C-17,C-18,CC-13
transformed........ccccoovvvveiiiiiiiiee e, C-17, CC-13
wall, per tie..... C-30, C-56, C-61, S-26, CC-39, SC-21

Ashlar stone masonry
allowable compressive stress (empirical design).. C-54
DONAING....eiiiieiiei e C-56
(413 F10 115 (o) o AUUU O RRRRRRRR C-15, S-6

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design
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Autoclaved aerated concrete............... see AAC masonry
AefiNItion .....oooovveiiieieeecceeeeeee e C-13,S-5

Axial compression
empirically designed masonryC-52, C-53,C-54, CC-78

prestressed Masonry.........cceeeveveeereeenereneenne C-47,CC-72
reinforced AAC masonty ........ccecceeeevevereeeeeneenne. C-68
reinforced masonry (ASD) ............. C-35,CC-45—47
reinforced masonry (SD) ......ccoceveenieiiniiinienenns C-42
unreinforced AAC masonry.........cceceeveervereeneenne. C-66
unreinforced masonry (ASD) .....ccoovvieiiencnene. C-33
unreinforced masonry (SD).......cccoevvevvveveeveninenne. C-40
Axial tension
anchor bolts ..... C-21, C-29, C-30, C-37, C-38, CC-23
prestressed MasonTy.........ceeeververveerveennenns C-48, CC-73
reinforced masonry (ASD) ......ccocovvvvvvienienenene. C-35
unreinforced masonry........... C-33, C-40, C-66, CC-48
B
Backing
CONCIELE ..ooovnvrrreeeeeeeeeireeeeeeeeeeennns C-61, CC-86, CC-87
definition ......c.coeveveiininire e C-13
deflection........cooevveeveeeieieiieeeeee C-59, CC-83 —87
design requirements........................ C-59, C-62, CC-83
MASONTY evvveenvreeieeerreereesreeneeens C-61, CC-84, CC-86
steel stud......cccoceeereenenn C-61, CC-83, CC-84, CC-86
WOOd ..t C-62, CC-85, CC-86
Bar, reinforcing ........ccccoeeevoenienienne see Reinforcement

Base surface treatment, glass unit masonry..C-84, CC-90

Beams......ccccoovveevieeiieeieenn. C-19, C-24, CC-20, CC-31
ASD requirements ...........cecveeveennen. C-35, C-36, CC-49
AAC Masonty.......ccoceeevueennne. C-66, C-68, C-69, CC-95
cantilevered ........c.ccceveeviieeiiiiieecie e C-36
deflection........cccoeeveeeeeenneeenne. C-19, CC-18, CC-20
strength design..........occoeeeevvenveene C-42, C-43, CC-62

Bearing
AAC Masonry.......cocceeeeeneene C-65, C-66, CC-93 —95
ATCA .vviveereenreenreeereereerens C-18, CC-16, CC-17, SC-19

concentrated loads ......... C-18, C-31, CC-16, CC-77

NOTATION ..ottt e C-10
empirical requirements ...........c.occeeveenenne. C-57, CC-77
length for reinforced beams...................... C-35, CC-49
nominal strength ............ccoecuennee. C-38, CC-56, CC-94
prestressed MaSONTY........ceevvverveecverreneerreeeenneees C-49
strength design................... C-37, C-38, CC-55, CC-56
strength-reduction factor ............. C-37, CC-55, CC-93
SITESS v e et e e et e eeaae e C-31, C-49

Bearing walls, (Loadbearing walls)

AefINItION ...ooovvveiiieeeeeeeeeeee e C-16, S-7
empirical requirements..................... C-53, C-54, C-55
TOLETANCES ... veieveeeiee ettt S-25

Bed joint
ANCHOTS ..o C-21, C-61, S-26
CONSLIUCLION .. S-23—26
defiNItion ...ocvvevieiecieceeeee e C-10
reinforcement in glass unit masonry...........cc........ C-64
reinforcement, seismic requirements.................... C-24
thickNesS ....cvvveeeeiieeeeee e S-9, S-10
TOLETANCES. .. vieereeirieeie et eeee e S-24—26
Bend, minimum diameter............cccccvvveeenne. C-20, CC-21
Bent-bar anchors ..........cccceeveevennen. see also Anchor bolts
AAC MASONTY ..uevieerieereeiieenreeereerereeneeas C-65, CC-93
ASD ProviSions ..........ccceevervrerveevesveneennens C-29, C-30
embedment length ..........ccccovevvieiininnnnnne. C-21,CC-23
material Specifications..........ccccvevveecverciereerieenneenne. S-18
placement. .........ccoveevueeieeierieeee e C-21, S-26
strength design................... C-37, C-38, CC-55, CC-56
SPECIfICAtIONS ...ttt S-18
Bond
empirical design ................. C-54 —57, CC-77, CC-78
headers ......cocoveevevievieeeeeee e see Headers
optional specification requirement ........................ S-32
oY (<) 4 D PRRRUSRN S-23,S8-32
TUNNING ..o see Running bond
StACK .evie ettt see Stack bond
stone, empirical design ........cccceverereneneeieeenene C-56
wall intersections..........cccoueeeueee... C-17, CC-14, CC-15
Wall tieS .ovvviieiieeeiieieeee e, C-24, see also Wall ties

Bonded prestressing tendon.. C-47 —49, CC-71, CC-744

COITOSION PrOtECtiON.....vvevreerenrrenreeerereeneens S-19, SC-15
AefiNItion ......ooovviiieiiieecieeeeee e C-13,8-5
grouting ................ C-26, C-27, S-13, S-14, S-19, S-28
SEISMIC FeQUITEIMENLES .....eovveurenrireririenieeeereneennes C-235
Bonder......cooooviviiiiiiiiiiieeeen C-56, see also Header
defINItion ..oooveeeieieeieiee e C-14
Bracing ............ S-5, S-24, CC-18, CC-20, SC-20, SC-23
Brick ...coooevieiiene S-8, SC-13, see also Clay masonry
calcium Silicate ........coevvveeveeierieiieeeie e S-8
clay or shale........ccovuieiiriinieieeeeeeee e S-8
CONCTELE ..enienrieereirenieeicete ettt eene e saee e S-8
Buckling,
Euler....... C-12, CC-46, CC-47, CC-57, CC-58, CC-73
F0T0] ;10 | DO OSSP C-12
Building code, general............ccocoviiniinieiinienienes C-9
Building official, definition...........cc.ccoceverieiennnne. C-13

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design



Bundling of reinforcing bars......................... C-20, CC-21
prohibition against for AAC masonry and SD..............
........................................................ C-42, C-68, CC-61
C
Calculations .........cccoueeeeeveeeeecieeeeecee e C-9, CC-7
CaAMDET ..ot C-48
Cantilevered beams/members............... C-19, C-31, C-32,
............................................................ C-36, C-55, CC-40
CaSE STONE ..eveveeieiiceicetcetcet ettt C-56
Cavity wall (non-composite wall), definition........... C-13
Cavity width ......cceeveviinennnne. C-28, S-25, CC-38, SC-30
Channel-type restraints........... C-64, S-27, CC-90, CC-91
Chases.......oeeeeeeeeeeeeeeeeeeeeeee e C-52,C-57,S-24
Clay masonry
coefficient of moisture expansion............. C-17, CC-12
coefficients of thermal expansion..............cc.e...... C-17
compressive strength ..................... S-9, S-10, SC-5—8
creep coefficient ........ccceeveeeviiiiiienieiceeeen C-17
modulus of elasticity.........cccoeerrrereriennns C-16, CC-11
unit specifications...........ecveeveevennnnns S-8, S-17, SC-13
WELHINE ..ot S-23, SC-19
Cleaning .........cccceeeveeruenene S-5, S-20, S-23, SC-7, SC-15
CleanoutS......ccouuvveeeieeieeeeeeee e S-23, SC-19
definition .......coeoveveiiniiiie e S-5
Coatings for corrosion protection.................. S-18, SC-15
Coefficient(s)
CIEEP terevrerureennreenreenireenireenteeeniaeeneees C-16, C-17, CC-12
CXPANSION....eeieeieeetieieeeieeeeeieeseee e eee e C-17,CC-12
friction ..o.cooeveieeieieieeee e C-66, CC-48, CC-94
response modification.................. C-48, CC-29, CC-73
shrinkage for concrete masonry................ C-17,CC-12

Cold weather construction.C-26, C-27, S-11 — 14, SC-9

Collar joints ..C-18, C-20, C-25, C-30, C-36, C-41, C-54,

................................. S-9, CC-33, CC-37—139, CC-51
allowable shear in...........c....cocoveeeeneeeenns C-36, CC-51
definition .....cceeevveeciiecieee e C-13,S-5
CONSIIUCEION ...vveeeveeeveeeeieeeire e eeiee e v S-23, S-32
Column(s)...c.cceveevveereereenrennen, C-19, C-20, CC-20, CC-40
AAC MASONTY ..o C-68, C-70, CC-95
allowable stress design ...........ccccveeveennnee. C-31, CC-40
CONSLIUCEION ..o C-19, S-23, S-25

INDEX -3

AefINItion ..ocoveieeiieeiii e C-13
CCCENLIICILY .vvevrenveeerieeieeieeieerenns C-31, CC-40, CC-41
effective height.........occoevvevvvceiieieee, C-11, CC-40
lateral ties .............. C-19, C-24, C-25, CC-20, CC-32,
see also Lateral ties........cceveevvieecreeeirieeieeeree e,

load transfer..................... C-16, CC-10, CC-18, CC-31
reinforcement placement ........ C-19, C-20, C-24, C-25,
............................................... CC-20, CC-31, CC-32
seismic requirements ......... C-24, C-25, CC-31, CC-32
strength design...........c....... C-42 —44, CC-62, CC-63
thiCKNESS ... C-19
Composite action........ C-13, C-17, C-30, CC-12, CC-13,
............................................................................ CC-37
AefINItioN ...ooovviieeieceii e C-13
Composite masonry ...C-36, C-52, CC-37, CC-38, CC-51
AefINItiON ..oooviieiiciieceecceceee e C-13
Compression area, width ............cccceevveenen. C-18, CC-16
Compression, axial ...........ccecee..... see Axial compression

Compressive strength C-15, S-6, S-9, see also Specified

................................. compressive strength of masonry
AAC masonry........... C-15, C-66, CC-93, SC-8, SC-14
ACCEPLANCE ..evvvveenvreeiieeieeeieeereeeereeeereeenes C-25,CC-33
axial, nominal ..........ccccooovevviiiiiiiiiee e, C-42, C-64
compliance..........ccoccverveennenne. C-25, S-31, CC-37, SC-5
definition .........ccooeeeeeeeeieiieceee e C-13, C-15, S-5
determination.................c........... C-25,8-9, S-16, SC-5
empirical requirements.................... C-53, C-54, CC-77
NOTALION ..ttt C-11
of grout.. C-38, C-65, S-9, S-17, CC-56, CC-94, SC-5,
............................................................ SC-16, SC-17
Of UNItS...ooiiiiiiiicee e, S-9, S-10, SC-5—7
prism strength method ...........ccocevvevieiienns S-10, SC-8
SD requirements............ceeeeereecveeeenreennens C-38, CC-56
shown on drawings............cceecvevvverieevennennenn C-9, C-29
BSOS ctte ettt ettt S-11
unit strength method............ccccvvevennns S-9, S-10, SC-5
Compressive strength of masonry
AefINItion ......oovveviiiieieecceeeeeee e C-13,S-5
Compressive stress
allowable
AXIAL e C-31,C-35
bearing.......ccoeveeveenieieeeeeee e C-33, CC-16
empirical requirements ............... C-52 — 54, CC-77
NOLALION ..o C-11
prestressed masonry.........cceeeeeeeueenene C-47,CC-72
for reinforced masonry .....C-35, C-41, C-67, CC-49
for unreinforced masonry ............. C-33, C-48, C-66,
............................................................. CC-45—148
NOLAIONS ..vvievveerereereeereeeeeeeeereeaeereeeeeseeesreesseens C-11
steel reinforcement ............ccoeceeeveriienieecienieneennnn C-35

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design
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Concentrated loads ..... C-18, C-31, C-66, CC-16, CC-17,
................................................... CC-41, CC-77, CC-94
Concrete masonry
coefficient of shrinkage ............cccoeeveneeeee. C-17,CC-12
coefficients of thermal expansion............. C-17,CC-12
compressive strength .......c..cceeevennenne. S-9, S-10, SC-7
creep coefficient .......coeeveverercrceeenennns C-17, CC-12
modulus of elasticity.........ccccceeenee. C-16, C-17,CC-11
modulus of TigIdity ......coveeviiiiriiieeeeeeeee C-17
unit specifications..........cccceeeeeeenne S-17, SC-12, SC-13
WELHINE ..ottt S-23, SC-19
Conduits
embedded......C-9, C-28, S-5, S-24, S-26, S-28, CC-34
specification requirements ..............c.ceeee... S-31, S-32
Confinement............. C-45, C-71, CC-16, CC-20, CC-31,
...................................................... CC-61— 66, CC-96
Confinement of grout ..........cccceeeeneene S-23,S-27, SC-21
Connectors/connections
definItion ....ceevveeieeieceeeee e C-13
load transfer........... C-16 — 18, CC-10, CC-14, CC-18
placement..................... C-26, C-27, S-13, S-14, SC-14
seismic requirements .......... C-21—24, CC-27, CC-28
Shown on drawings............cceeceeriveriiecieeeenveneenens C-19
Consolidation of grout.......... CC-33, S-28, SC-22, SC-23

Continuous inspection C-14, C-26, C-27, S-6, S-13, S-14

Construction 10ads..........cceeveereierienieniieieeieeeeene S-12
Contract dOCUMENTS .........cceevvvvireiiieeieeiiiieeeenen. C-9, CC-7
definition .........ccooeeeeieeiiceee e C-13,S-5
Contraction (shrinkage) joint............. S-20, SC-15, SC-17
Contractor
definItion ....cveevveieeieeie e S-15
Contractor’s services and duties........... S-11, SC-9, SC-18
Control Joints........ccveveeverienienieiceeeeene SC-15, SC-17
Conversion of Inch-pound units to SI units..... C-73 —83
Corbels ...cvevvveiieieieieeieee, C-13, C-18, CC-18, CC-19
Corrosion/ corrosion protection........... C-20, S-18, SC-15
coatings for protection..................... S-18, S-31, SC-15
joint reinforcement ............cccceeeueee C-20, S-18, CC-21
NAILS / SCTEWS ...vveeviieiieeiie ettt S-61
prestressing tendons............ C-49, S-19, CC-14, SC-15
reinforcement...........cceuueeee.... C-20, CC-21, S-18 — 21
steel framing........coeceeveeereerieeierieee e C-61
ties, anchors and INSEItS..........coovvvvveeeieennnes C-20, S-18

Corrugated sheet metal anchors C-60, C-61, S-26, CC-86
Coupled shear walls........c.cccevveririeiienieree e CC-10

Creep .. C-16, C-17, C-47, CC-12, CC-18, CC-20, CC-71

Creep coefficient .........cccceceeveeveecnnenn C-11, C-17, CC-12
Cross-sectional area
AefINItION ...ooovveveeiieeeeeeeeeeeeee e C-13,S-5
transformed..........cccoovveeieeiieiiiiiieeeeeee C-17,CC-13
gross cross-sectional area ................. C-12, S-5,CC-13
net cross-sectional area........... C-13,C-17, S-5, CC-13
NOTALION ...ecevecereeeeree ettt e C-10
D
Dead load, definition ............ccceeevvveeeiceeeeeneeeene. C-14
Definitions.................. C-13—16,S-5—17,CC-9, SC-5
Deflection
backing, for veneer...........cccceeenen. C-59, CC-84 — 86
beams and lintels................ C-19, C-60, CC-18, CC-20
design story drift.........ccoeevevieniiiiiienenne. C-13, CC-27
Jateral .....ooovveeeeeiieeeee e CC-27,CC-28
members supporting glass unit masonry............... C-64
members supporting veneer............ C-60, CC-84 — 86
prestressed Masonry.........ccceeveevereerveennenns C-48, CC-74
reinforced AAC masonry .. C-65, C-70, CC-93, CC-96
renforced masonry (SD)...... C-37, C-41, C-44, CC-55,
........................................................................ CC-63
structural frames.........coooeeeevnveenns C-16, C-18, CC-18
unrienforced (plain) AAC masonry.......... C-65, CC-93
unrenforced (plain) masonry (SD)............ C-37, CC-55
Deformation.......... C-9, C-16, C-37, C-65, CC-7, CC-10,
............................. CC-27, CC-28, CC-55, CC-71, CC-93
Delivery of materials/products ..........c..ccccee... S-12, SC-9
Demonstration panel....... C-28, S-12, S-17, S-18, CC-33,
............................................................................ SC-22
Depth, definition.........cccoceeveerieiieieeieeeeee e, C-13

see AAC masonry, Allowable stress design, Empirical
design, Glass unit masonry, Prestressed masonry
design, Seismic design, Strength design, Veneer ........

Design story drift.......ccoceeveninienerennne C-13, C-22,C-48

Design strength...... C-3, C-11, C-23, C-31, C-57, CC-25,
.............................................................. CC-47,CC-77

Detailed plain (unreinforced) AAC MSW............... C-15,
................................. C-21—23, CC-21, CC-28—30

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design



Detailed plain (unreinforced) MSW .....C-15, C-21, C-22,
.............................................................. CC-28, CC-29
Development
bonded tendons..........c..ooovvviiiiiiiiiiinieen, C-49, CC-74
reinforcement, AAC masonry......... C-67, C-68, CC-94
reinforcement, ASD.......... C-31, C-32,CC-41, CC-43,
....................................................................... CC-44
reinforcement, SD..C-41, C-42, CC-59, CC-62, CC-66
Diaphragm........cccceeeeieiieieneenne CC-10, CC-11, CC-28
anchorage, AAC ................ C-23, C-24, CC-30, CC-31
AefINItion ...cocveieeeieeiic e C-13
empirical requirements......... C-52, C-55, C-57, CC-70,
........................................................................ CC-80
Differential movement.. C-16, C-59 — 63, CC-8, CC-18,
.................... CC-28, CC-37, CC-38, CC-45, CC-84 — 87
Dimension
nominal, definition ................... C-13, S-5, CC-9, SC-5
specified, definition................... C-13, S-5, CC-9, SC-5
Dimension StONE...........oovuvveevvvieiieeeeeiieeeenns C-59, CC-85
Dimensional changes..............cccocvevverueennnnne. C-19, SC-15
Dimensional tolerances ............c..ccueeue... see Tolerances
Drawings

content, including anchorage, conduits, connectors,
pipes, sleeves, reinforcement and specified

compressive, strength of masonry....... C-9, C-29, CC-7
definition, Project........cceeeeverreeneeneeneneennne. C-14, S-6
Drift imits ...oo.eeeeeeieeneneicecnceee C-21, C-27, CC-28
DIYOUL. ..ottt SC-9
E
Earthquake ..... see also Seismic load and Seismic design
10adS ..oveeiiireeicee C-16, C-21, CC-27
Eccentricity....... C-11, C-16, C-31, C-47, CC-40, CC-41,
........... CC-46, CC-47, CC-58, CC-62, CC-63, CC-73,
............................................................. CC-96, SC-20
Effective compressive width ........................ C-18, CC-16
Effective height .........ccooeevveiiiiiinen. C-11, C-13, CC-40
Effective prestress ....... C-13, C-47,C-48, CC-71, CC-72
Elastic deformation............c...ccveeneee. C-9, CC-64, CC-71
Elastic moduli ......... C-14, see also Modulus of elasticity

INDEX -5

Embedded items ...........cccvveenee... S-24, S-26, S-28, S-32
Embedment length
anchor bOItS .......c.oeeeveveeiieiieiceeeeeeee, C-21, CC-23
ANCHOTS ... C-57,8-27
hOOKS ....vvveveeecieeceeeeeeeeee C-32,C-41,C-67,CC-44
1101215 10 ) s O RUR C-12

Empirical design....... C-9, C-22,C-51— 57, C-63, CC-7,
............................ CC-27, CC-29, CC-31, CC-77 — 81
End-bearing splices .........cccceervereriereeneeenne. C-33, CC-45
Engineer
definition .....coceevevieviiniinceecccce e S-5

Epoxy-coating C-20, C-31, C-41, S-7, S-18, S-19, CC-41

Euler buckling ....... C-12, CC-46, CC-47, CC-57,CC-73
NOTALION ...eevviiivieeiee ettt C-12
EXpansion ...........cccceeeeeevennenns C-16, C-17, C-47, CC-12,
................................................... CC-18, CC-55, CC-71
Expansion joints .........cccccevveveereeneennnnne C-64, S-9, S-20,
....................................... CC-86, CC-90, SC-15, SC-16
F
Fabrication..........cccoeoveeemeeeieeiieeeiieeeeeeeeines S-22, SC-18
Field quality control ..........cccooceieiinininienne S-29, SC-23
Flanges, of intersecting walls ............. C-16, C-17,CC-14
Flexural reinforcement .............. C-31,C-32,CC-41— 44
Flexural tension
reinforced masonry..........ccocveeevenenne C-35, C-42, C-47,
.................................. CC-44, CC-48, CC-60, CC-72

unreinforced masonry...C-28, C-34, C-40, C-59, C-62,
....C-86, CC-14, CC-45—48, CC-55, CC-56, CC-78

Flexure
prestressed masonry..........c.......... C-47, CC-72,CC-73
reinforced AAC masonty ........ccoceeeeeeenee. C-85, C-87,
................................................. C-89, CC-93, CC-95
reinforced masonry, ASD................. C-35,C-48—50
reinforced masonry, SD.... C-37, C-41, CC-55, CC-61,
.............................................................. CC-64 — 66

stress
allowable .........ccoveveeiiiiieeeceeee C-33,C-35
00171510 ) s AR C-11
unreinforced AAC masonry............ C-85, C-86, CC-93
unreinforced masonry, ASD........... C-33,CC-45—48
unreinforced masonry (SD)C-37, C-40, CC-55, CC-57
VEINCET .. e et e et e e et e e e e e e e e eeaeeeeenneas CC-84

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design
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Floors/ floor diaphragms ............cccevevviriereenieennenns CC-10
empirical anchorage............ccccue..... C-52 —57,CC-77
seismic anchorage..C-22 — 24, CC-27, CC-30, CC-31
anchorage, AAC masonry ...C-22 — 24, C-66, CC-30,

............................................... CC-31, CC-94, CC-95
Foundation(s).......ccccceeeveveenuennee. S-12, S-26 — 23, SC-19
support of veneer ........... C-59, C-60, CC-83, CC-85
Foundation dowel(s) ......ccccccueneee. SC-20, SC-21, SC-26
Foundation pier(s)
AefINItION .vveeeeiieiieeee e C-14
empirical requirements..... C-51, C-55, CC-77, CC-78
Foundation wall(s)
empirical requirements.................... C-55, C-56, CC-78
Frame, anchorage to ........... C-9, C-18, C-26, C-27, C-55,
....................................... C-57, S-13, S-14, CC-18, SC-20
G
Galvanized coatings/requirements.................... C-20, S-7,
......................................................... S-18, S-20, SC-15
Glass unit masonry ........... C-9, C-63, C-64, CC-88 — 91
construction .................. S-2, S-14, SC-2 — 25, SC-27
[ 1S3 F10 V15 (o) o AP C-14, S-5
empirical lImitation .........ccocceveeiiniinieneeneeeee, C-51
mortar for.......ccoocvevvevvevinnnnnn.. C-64, S-17, S-22, SC-12
MOTtAr JOINS ...cvveevieereereereereeeeereennns S-23, S-24, S-32
panel anchors...........ccccuene.ee. C-64, S-18, S-27, CC-91
protection in cold weather ...............cocu.e.. S-12, S-14
reinforcement............c...ccoeveeenne... C-64, CC-90, CC-91
SUPPOTE cenvreeniieeiieeiee et eieestee e s esieeens C-64, CC-90
thICKNESS ...vveevieeieeeieece e C-63
unit specifications.........ceeeeeveerereeneeneenne. S-17, SC-14
Gross cross-sectional area
definition ........coceveiiiiiieeeeeee. C-13,S-5,CC-13
Grout ....ccceeeveeeverreennens see also Grout lift and Grout pour
admixtures.................. S-17, S-19, S-32, CC-94, SC-12
alternate placement procedures ............ccccvveevennenne S-28
collar joint, allowable stress ........... C-30, CC-37—39
compressive strength ....... S-9, S-10, S-11, S-17, SC-5,
............................................................ SC-16, SC-17
compressive strength requirements for AAC masonry
.............................................................. C-85, CC-94
compressive strength requirements for SD...................
.............................................................. C-38, CC-56
confinement...........ooeevvvveeeeeeiiennnens S-23, S-27, SC-21
consolidation .................... S-28, CC33, SC-22, SC-23
cover. C-20, C-49, C-60, C-67, CC-21, CC-74, SC-15,
........................................................................ SC-20
demonstration panel..... C-28, S-12, S-17, S-18, CC-33
........................................................................ SC-22
MAterials .....ccovevieeiiieeeeee e S-17, SC-12

minimum dimensions of grout spaces......... C-28, S-27,
............................................................ CC-33, SC-22

MIX dESIZNS.c.vieeieieeieeieriereere e S-11, S-12
mixing.......S-12, S-15, S-22, S-28, S-32, SC-9, SC-16,
....................................................................... SC-21
modulus of elastiCity.......ccoocvreeeviierierieieeieeeene C-17
placement.C-26 — 28, S-12 — 14, S-27, S-28, CC-33,
.............................................................. SC-21—23
protection in cold weather ................ S-12, S-14, SC-9
protection in hot weather..............cccoceeee. S-15, SC-9
quality assurance .............c....... C-26,C-27, S-13, S-14
SAMPIING .o S-27, SC-23
Slump oo, see Slump and Slump flow
Spaces/ SPace reqUIrCMENLS.........ecverveerreerreereneenseeneenns
...... C-26 — 28, C-67, S-13, S-14, S-23, S-25, S-27,
................................... CC-33, CC-34, SC-16, SC-22
standards and specifications .............cceeeveveieeveeceeneenennns
............................................. S-8, S-17, S-31, SC-12
strength .......cceceee. see Grout - compressive strength
testing ........ S-8, S-11, S-17, S-28, S-31, SC-16, SC-23
GIOUt KEY ..oveeieeieiieeeee e S-28, SC-23
Grout lift......cccoooeeeenee C-28, S-27, S-28, SC-22, SC-23
definition .....cccoeovevieiiniii e S-5
Grout pour .......... C-28, S-23, S-27, S-28, SC-21, SC-22,
................................................. SC-23, SC-27, SC-28,
definition ........occvevievinininiiecceeeee S-6

Grouting bonded tendons .. C-26, C-27, S-13, S-14, S-19,

.............................................................................. S-28
H
Handling of materials/products ............. C-25, S-12, SC-9
Head joint
CONSTIUCTION ...evvvvvieeeeeeeiiieeeee e S-23, S-24
defINItioN ..oooveeeieieee e C-14
optional specification requirement ..............cc.c...... S-32
thICKNESS ... S-23
Headed anchor bolts .........c.......... see also Anchor bolts
AAC MASONTY ..eeniieiiieeiieeiie et siee e C-65, CC-93
ASD Provisions ..........ccceevervverveeeeseeneennens C-29, C-30
embedment length ..........ccocceeviriiicnnnnne. C-21,CC-23
material Specificaitons........coeeeveeeeienienienenennenn S-18
placement.........cocueeuenieneninineneeiecce e C-21, S-26
strength design................... C-37, C-38, CC-55, CC-56
SPECIFICAtIONS ...t S-18
Header (s)
allowable Stress........ccooovvveeeevieeeecieeenee. C-30, CC-37
COMPOSIte ACTION....eveeereeereeeeierieeeeeene C-30, CC-37
defINItion ...oceeeeeeieeeceeeee e C-14
empirical requirements ...... C-54, C-56, CC-78, CC-81

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design



Height
effective
definition .........ccooeovvveeieiniieeeeeceee C-13, CC-40
NOLALION 1.ttt C-11
empirical requirements,
DUILAINGS oo C-51
fill, unbalanced (empirical requirements)......... C-56
foundation walls (empirical requirements)....... C-55
height/thickness ratios (empirical requirements)
.......................................................................... C-54
parapets (empirical requirements) .................... C-56
grout pour (See Grout POUT) ......cceeveercveeevieerveenveennnes
veneer limitations ...........ccccevererinenereeieeeieene C-59
HOOKS ..o, see Standard hook
Horizontal reinforcement............ccccoevenenenicnenenncenennns
seismic requirements ...................... C-22 —25,CC-32
stack bond masonry...........cccccvevveerennenen. C-18, CC-18

Hot weather construction...C-26, C-27, S-11, S-13 — 15,

................................................................. SC-9, SC-21
|
IMPACE...ceeeeeee e C-16
Inch-pounds translation table.......................... C-73—83
Inserts, protection for...........cccceevveeviirienieeciieieeienenn C-20
Inspection ...... C-25—28,S-11 — 14, S-31, S-32, CC-9,
.................... CC-32, CC-33, SC-5, SC-8, SC-9, SC-19
AefiNItion ......oooevveiiieeeecceeeeeee e C-14, S-6
Inspection Agency......C-14, C-25, S-6, S-11, S-31, S-32,
......................................................... CC-9, SC-5, SC-8
Intermediate reinforced MSW .....C-15, C-21— 23, C-42,
................ CC-28 — 31, CC-60, CC-63, CC-65, CC-66

Intersecting walls
design ....C-16 — 18, C-41, C-42, C-67, C-68, CC-10,

............................................... CC-11, CC-14, CC-15
empirical, anchorage..............ccoeevvvverienieeciennenen. C-57

J
Jacking force, prestressed masonry ...... C-15, C-47, C-49,
......................................................... S-6, S-28, CC-71

Joint .. see Bed joint, Collar joint, Head Joint, Expansion
............................................. joint, Contraction joint, etc.

INDEX -7

Joint fillers.......ooovevevvviieeeeeennen. S-9, S-20, S-31, SC-15

Joint reinforcement............c.oceveeeeiieiiiieniiiecie e
allowable Stress.......ceeevvveeevieiiiieeiie e C-35
bonding, empirical design............ceceveverieniennnnnne. C-56
COVET et e e eee et e e et e e e e e e eaeeeeeeaneeeeenneeeenn C-20
CLOSS WITES ...eeeeereeeeeeeeeeeeee e e C-20, C-30
for glass unit masonry .......c..ccceceeereenenne C-64, CC-91
material specifications..........c..cc....... S-7, S-18, SC-14
MINIMUM WIT€ SIZE ...vvviieveieeeiiieeeeiieeeeeiee e, C-20
protection............ C-20, CC-31, S-18, S-19, S-25, S-31
SeISMIC deSigN.......ccvrvverienieeriennas C-22, C-62, CC-86
VEICET «.vvvieiiiieeeeiteeeeeieeeeetreeeeeateeeeetreeeenaeeeeeaneeas C-60
WIATE S1ZE..ecuveeiereeeireeiereeeireeeireeeaeeetreeeereeeteeeeeaeenneas C-61

L

Lap SPlICES .evvvvvevieiieieeie e see Splices

Lateral force-resisting system. C-32, C-51, CC-9, CC-10,

......................... CC-32, CC-41, CC-43, CC-60, CC-77
Lateral load distribution .................... C-16, CC-9, CC-10
Lateral stability, empirical design ................ C-52, CC-77
Lateral support.... C-16, C-19, C-43, C-89, CC-7, CC-10,

............................................................................ CC-20

empirical design ......... C-52, C-54, C-55, C-57, CC-78

glass unit MasoNry .......cocceeveevuervereeneeenne. C-64, CC-90
Lateral tieS ....cooovvvviveieeeiiieeeeeeee, C-15, C-31,CC-45

defINItion ..oooueeieeieiierieee e C-15

for columns...........ccouvvvennen. C-19, C-24, C-25, CC-20

SCISMIC dESIZN....vviceiirieiieieeieieie e C-24, C-25
Laterally restrained prestressing tendon......... C-14, C-47,

........................................................ C-48, CC-711— 173
Laterally unrestrained prestressing tendon.... C-14, C-47,

..................................................... C-48, CC-72, CC-73
Lintels

deflection......ccccvvveeeeiiieeiieee e C-19, CC-20

empirical requirements ..................... C-52, C-55, C-57

VEIICLT .nvenveenieenteeitesitenteente et eetesiee bt enbeenbesatesaeeneee C-60
Live load, definition ...........ccoocvvvivvveeiieeieeeee e, C-14

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design
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Load(s)/Loading
allowable .................. see Allowable forces, Loads, etc.
combinations ...... C-29, C-37, C-45, C-47, C-65, C-71,
................................................. CC-7, CC-37, CC-61
concentrated...........ccceeeeuvennn. C-18, C-31, C-36, C-66,
............................................... CC-16, CC-17, CC-77
CONSIIUCEION ...vveeevieeeiieeiee e eteeeeveeeveeeereeseveeeaneens S-12
dead ....oovoei C-11,C-14
definition .....ccooveeiiieieeeee e C-14
diStrIbUtION. ..o C-16, CC-9
drawings, ShOWn On........cccecceviiniiiiiiiiecee C-9
Jateral ....ooooveeeeeieeieeeeee e C-16, CC-9
TIVE et C-14
NOLALION ...ttt C-11
SCISIMIC .o C-16, C-24, C-51,C-27 —32
Service............. C-14, C-44, C-47, C-70, CC-7, CC-10,
..................... CC-20, CC-27, CC-63, CC-73, CC-84
transfer.......cooovvvveveeeeeieneens C-16, CC-7, CC-8, CC-10
WIN i C-16, CC-10
empirical design, maximum ....... C-51, C-52, CC-27
glass unit masonry, maximum.............. C-63, CC-89
veneer, maximum .......... C-59, C-62, CC-85, CC-86
Load transfer...........cccccevveeunenn. C-16, CC-7, CC-8, CC-10
Loadbearing Wall
AefINItION ...oooevvvieiieceeeeeeeeee e C-16, S-7
empirical requirements ..................... C-53, C-54, C-55
TOLETANCES ...ttt S-25
Longitudinal reinforcement ....... C-14, C-23, C-32, C-43,
.................................................................................. C-69
M
Masonry
BlasS ceeeeee e see Glass unit masonry
plain ..o see Unreinforced masonry
prestressed......oveeerieieeenenne see Prestressed masonry
reinforced........coeveioinienennnn. see Reinforced masonry
unreinforced...........cooceeeene see Unreinforced masonry
VEIIEET ..cuevetiteeeeentetetesteeeeeteeneeneeseentesaeseeas see Veneer
Masonry bonded hollow wall................... C-16, C-54, S-7
Masonry breakout, definition ............ccoecveverreennnns C-141
Masonry cement
allowable flexural tension.............c.......... C-34,CC-47
modulus of rUPLUTE.....cceevvveiieiieieceeee e C-39
MOTITAL MIXES .evvvvieeeeiiereereeeeeeeiiiereeeeeeeenns SC-11, SC-12
SEISMIC TESTIICHION ..t C-25
Masonry cleaners...........c.......... S-20, S-32, SC-15 — 32,
Masonry ereCtion........c..ccveeeereeerreerreesuesnennnns S-23,SC-19
cold weather construction................... S-12 — 15, SC-9

field quality control...........cccoevvveverienreennene S-29, SC-23
grout placement...................... S-27 — 28, SC-21 —23
hot weather construction...............cccvveeene... S-15, SC-9
placing Mortar...........cceecveeeeeeerieerieeieeneeenn S-23 —25
PrEPAration .......ccceeeveerveeseeeeerreseeeneeeeeenenns S-23, SC-19
reinforcement installation .... C-20, S-25 — 27, CC-20,
............................................................................ SC-20
site tolerances...........cceeveeeunennne S-23, S-25, S-28, SC-19

Masonry materials.S-17 — 22, S-31, S-32, SC-11 — 18

Material(s)
CEITITICALES touvvivvieeiieeieciieceee et S-11
AeliVEIY . .oovieieieeeece e S-12, SC-9
handling........cccoevvevevvienieeeeeeen S-12, SC-9
properties.................... C-16, C-17, C-38, C-65, CC-11
SAMPICS .o S-9,S-11, S-12
SCISMIC TESLIICTIONS ..eevvveevreeeeeieeeiieiieieeieeeeeeeeeeees C-25
specifications .........ccceevereerveennnne. S-7—9, S-17—19
SEOTAZE «eovvveenieeeieeeite ettt ettt S-12, SC-9

Maximum value, definition ................cceeveeeeieeeeenne..n. S-6

Maximum wind load

empirical design, Maximum ...........cecceceerueneenne. C-51
glass unit masonry, maximum.............. C-63, CC-89
veneer, Maximum ...........ccceeeevveeeeenneennn. C-59, C-62
Mean daily temperature, definition ..........c.ccccceevennene. S-6

Mechanical connections/splices .C-13, C-31 — 33, C-42,

........................................... C-49, C-68, CC-45, CC-59
Metal accessories........ C-20, S-18, CC-20, CC-21, SC-14
Minimum inside bend diameter for reinforcing bars........
................................................... C-32, S-19, S-22, CC-21
Minimum thickness, empirical design.......... C-55, CC-78
Minimum daily temperature, definition....................... S-6
Minimum value, definition..........ccceeceevevieniirerieeeneenns S-6
MiX deSigNs ...coveevveerueeierieniieneeneeeeeee S-11, S-12, SC-8
Mixing.......... S-12, S-15, S-22, S-28, S-32, SC-9, SC-16,

............................................................................ SC-21
Modulus of elasticity .....C-11, C-14, C-16, C-17, CC-11,

........................................................................... CC-12
Modulus of rigidity........ccceevrverrerennne. C-11, C-14,C-17
Modulus of rupture..................... C-11, C-19, C-38, C-39,

..................................................... C-65, CC-56, CC-94
MOISTULE ... C-9,C-16

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design



MoiSture eXpansion ...........eceeevereerreerueennenes C-17,CC-12
Moment of inertia.................. C-11, C-19, CC-13, CC-20
Moment, NOALION ......cccuvvveieeeeiieieieeeee e e e e e C-12
Mortar
AdMIXTULES ..oeeeievieeeeeie e S-22, SC-11, SC-12
allowable flexural tension...........ccceveenen. C-34, CC-47
empirical requirements ...........c.oeveeveereennnns C-54, C-56
for glass unit masonry ........... C-64, S-17, S-22, SC-12
INSPECLION.....vieueieeireeieeiieieeieere e S-13, S-14, SC-9
mandatory specifications..........c.ccecceceeueeunee S-31, S-32
MAtETialS ....oovveeeiiiiiiieeeeeeeeeee e S-17, SC-11
MiX deSigNS.....ceevvreurreenneans S-11, S-12, SC-11, SC-12
MIXING. .o S-12, S-15, S-22, SC-9, SC-16
PIMENLS ...ttt S-22
PlaCING ...veeevieiiciieceeeeeee e S-23 —25
protection in cold weather ................. S-12, S-14, SC-9
protection in hot weather ................ccoevennen. S-15, SC-9
LS 051001015) 0107 SO S-15,S-22, SC-9
SEISMIC TESIICHONS ..o C-25
specifications......... S-8, S-11, S-17, S-31, S-32, SC-11
thin-bed mortar...................... C-15, C-65, S-11, S-12,
.................................. S-15, S-17, S-22, SC-8, SC-20

Movement joints.... SC-15, SC-17, see also Control joint

...................................................... and Expansion joint
design / detailing adjacent to ............ C-17, C-18, C-22,
....................................... C-23, C-60, CC-11, CC-65
specification requirements..............ceceeeee.e. S-31, S-32
SUDMILLALS. ....veiiiieeiic et SC-8
Multiwythe walls...........cccoc..... C-30, C-52,CC-37—39
empirical deSigN.......ccocvevieeverieiierieie e C-52
N
Negative moment reinforcement................... C-19, C-32,
................................................................... CC-41,CC-44
Net cross-sectional area, definition .............ccccveenees S-13
Nominal dimension, definition............cc........... C-13,S-5
Nominal strength(s).......... C-14,C-37 — 45, C-65 — 171,
................................ CC-55 —57,CC-62,CC93 —95
anchor bolts ........cccccvievveeciiciiecec e C-37, C-65
Aefinition .........ccveeeeeiic e C-14
Noncomposite action...........ccceeeuee.e. C-30, C-54, CC-38,
....................................................... CC-39, CC-78,CC-84
Noncontact lap splices.C-32, C-41, S-25, CC-45, CC-59,
............................................................................ SC-20
JA [ 1715 o) 4 DR C-10—13,CC-9

INDEX

(0]
Ordinary plain (unreinforced) MSW ....C-15, C-21 — 23,
........................................................ C-48, CC-28—30
Ordinary reinforced MSW................... C-15, C-21 —23,
.................................................................. CC-28—32
Otherwise required, definition...........cccecevvereeieennnnne. S-6
Owner
defINItION ... .eooiieiieeciie e S-6
quality assurance...........ccocceveeeereeenne. S-11, S-32, SC-8
P
Panel anchors for glass unit masonry ............. C-64, S-18,
.................................................................. S-27, CC-90
Parapet walls
empirical requirements ...........cceceeeeereennnns C-55, C-56
Partition walls
definition .......ooovviiiiiiiiieeeeecee e CC-9, S-6
Pigments ......c.cccevvenieeciieiinieeieseeie e S-22,SC-11
| TS () S C-24, C-25,S-23,CC-28
AAC MASONTY ....eeeeriiiierieeieeenne C-68, C-69, CC-95
definition .....c.ocvevvieiieieeieceeeee e C-14
foundation (empirical)...................... C-14, C-51, C-55,
........................................................... CC-77,CC-78
SD requirements............ccoeeerevennnne C-42, C-43, CC-62
Pilasters .....ooovvvveeieeiieiieeeeeeeeeeeee, C-31,C-41,CC-42
load transfer........oooovveviiiiiiiiiiiiceeeeees C-16, CC-10
reinforcement placement ............ccoeceevverneenennnnnne. C-20
SCISMIC reqUITEMENtS .......ccvveeveeeeerreereennens C-24, CC-31
Pintle anchors ............... C-31, C-61, S-26, CC-40, SC-21
Pipes....cccoeenee. C-9, C-28, S-5, S-24, S-31, S-32, CC-34
Plain (unreinforced) masonry ... see Unreinforced (plain)
........................................................................ masonry
definItion ....coeveeriieieiiereeee e C-16
Positive moment reinforcement.................... C-32,CC-43
Post-tensioning, post-tensioned........... C-47,CC-71— 174
AefinItion .......ocovviieeieeeecee e C-14, S-6
Prefabricated masonry............ S-22, S-31, CC-71, SC-18

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design
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Prestressed masonry

AefINItion .....covevvviiieiiicccee e C-14, S-6
deflection .........oooveveeeeiieceeceeeeeeeee C-48, CC-74
design .....ccceeeeerieiiennns C-9, C-47 —49, CC-71 — 175
INSPECLION...cvvreereereiieieeireeenens C-26, C-27, S-13, S-14
seismic design........ccoeveeveerverireeene C-23, CC-29 — 31
shear walls ........c.cccveevveennenn. C-15, C-23, CC-29 — 31
strength requirements ...........c......... C-47, C-48, CC-73
Prestressing grout ..... C-14, C-26, C-27, S-6, S-13, S-14,
........................................................ S-19, S-28, SC-15
Prestressing steel .......cccoeeveveenieenennen. C-17, S-18, CC-12,
................................................... CC-71, SC-14, SC-15

Prestressing tendon(s)

allowable StresSes .......ceevvievrieeeieeniieieeee e, CC-71
bonded .......ooovveviviiiiii S-5, S-19
corrosion protection............ C-49, S-20, CC-74, SC-15
AefINItioN ....oevveeiiiieeeeeeceeeeeeee e C-14, S-6
INSPECLION....vieuiieeieeiierieeieeeeeeeseeseeeseeneenns C-26, C-27
INStAllation .........cccoeeevviieeeieieeceeeeeeeeeee S-28, SC-23
laterally restrained ...........cocceeevervenieenieenens C-14, C-47
laterally unrestrained .........c..ccceeevenerenenieneenne C-14
MALETAlS ..ooeviiiiieeii e S-18
SCISMIC TEQUITETNENTS .....eveveeieeniiieienieniceeeeeeenenne C-23
specifications .......cccceeevereenieeieneenne. S-18, S-31, SC-14
SEEESSINE ..veenveenveeiieeiie et S-28, SC-23
unbonded, definition.............cc.ccoeennenen C-16, S-6, S-19
Prestressing tendon anchorages, couplers, and end blocks
................................... C-49, S-20, S-31, CC-74, SC-15
Pretensioning
definition .........ccooeeeeieiiieee e C-14, S-6
Prism test method.............coc.... S-9, S-10, SC-8, SC-15
Project conditions.........cccceeveeeeerieneeniieeeene S-12, SC-9
Project drawings, definition..............ccceeveneeeee. C-14, S-6,
....................................................... see also Drawings
Project specifications, definition ...................... C-14, S-6,
................................................. see also Specifications
Projected area for anchor bolts .................... C-21,CC-23
Protection
COITOSION......cuvvvveennenn. C-20, C-49, S-18, S-31, SC-15
from weather.................. C-26, C-27,S-12 — 15, SC-9
of masonry and materials.................. S-12 — 15, SC-9
prestressing tendons and accessories.......... C-49, S-19,
........................................................................ CC-24
reinforcement...........cccooeeevveeeennnen.. C-20, S-18, CC-21

Q
Quality assurance ............cceeveeeververenenne C-9, C-25 — 28,
................... S-11 — 14, S-31, S-32, CC-32, CC-33, SC-8
Aefinition ........cccveieeeiieeeiceeee e C-14, S-6
Quality control............ccecuenneee S-29, CC-33, SC-8, SC-23
R
Radius of gyration ..........ccceceeveenieiinienceiene C-17, C-13
F0T0] 7215 () 1 OSSPSR C-12
Reinforced AAC masonry ........ C-65—171,CC-93 — 96
Reinforced masonry
ASD ..o, C-35, C-36, CC-48 — 51
strength design.........c.ccccee...... C-41—45, CC-59 — 66
Reinforcement
allowable Stress.......cceevvveeciieiiieeiie e ciee e C-35
bend requirements ............ccceeuennen. C-26, S-22, CC-21
bundling................... C-20, C-42, C-68, CC-21, CC-61
ClEANING ....oevieiieiieie ettt S-23
clearance between, minimum ........ C-20, S-25, CC-59,
........................................................................ SC-20
COVET cvvviieeeeeeereeeeeeeeeeeireeeeeeeeeeearareeeeeeennns C-20, CC-21
cross-sectional area, notation...............ccceeeeeunen.n. C-10
AefiNItion ......coovviieeiieeceieeceeee e C-14, S-6
details .......coeevverrnenne, C-9, C-20, C-41, CC-20, CC-59
details, on drawings .........coccevevereneneriereeniencnenne. C-9
development .........cocceceeerereeienenne see Development
diameter......cooovvveieiiiiiiieeeeeeeeeaees C-11, C-20, CC-21
diameter of bend, minimum............ C-20, S-22, CC-21
distance from extreme compression fiber, d......... C-11
fabrication.........ccccoeevveevicieeeieee e, S-22, SC-18
for glass unit masonry ........ C-64, S-27, CC-90, CC-91
hoOK ..o see Standard hooks
INStallation .........cccoeveveveiieeieie e S-25, SC-20
JOINE oot see Joint reinforcement
lap length ..o see Splices
lateral ties .....coevveeciieeiieeieeeieece e see Lateral ties
longitudinal, defination..........c.ccocevverererceenecnennns C-14
MAtETialS ....oooviiiiiiiiieeee e S-18, SC-14
maximum area, (SD) ....... C-42, CC-59, CC-60, CC-61
maximum, AAC masonty........c..cceceeeueenee. C-67, CC-94
modulus of elastiCity........ccccvevrieciieieriereeieee C-16
embedment ....... C-20, C-31, C-32, C-41, C-67, CC-41
length, [, NOtation .........ccceeeveveeveeneereeee e C-12
negative moment reinforcement....C-19, C-32, CC-41,
........................................................................ CC-44
physical properties..........cceeververvrecvenennns CC-21, SC-14
placement requirements....... C-20, S-25 — 27, CC-20,
........................................................................ SC-20
positive moment reinforcement................ C-32,CC-43
PIestreSSing.....cc.eeveeeeneeenieeienneens see Prestressing steel
protection.......... C-20, C-49, S-18 — 20, S-31, CC-21,
............................................................ CC-74, SC-15

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design



Reinforcement (continued)

seismic requirements ............ C-22 —25,CC-29—32
for anchored veneer............cccccveeeeunenn. C-62, CC-86
shear ......cccccoeveviiiiiieeiieeen, see Shear, reinforcement
shear wall........cccooveevivienieieceeees see Shear wall
size, limitations (SD)......... C-41, C-67, CC-59, CC-94
size, maximum........ C-20, C-41, C-67, CC-20, CC-59,
........................................................................ CC-94
size, minimum .............. C-20, C-30, C-31, C-56, C-57,
...................................................... C-60 — 62, C-64
SPACIng, NOTAtION......eeuerreieeieiieieeieee e C-10
SPECIfiCatioNS .....ccveeeveeeieiieiieieeieeeeieeans S-18, SC-14
SPLICES vt see Splices
SUITUDS et eeeeee et eeve e e e ae e ees see Stirrups
Strength .....coeeevenencncnenene C-38, C-56, C-66, SC-14
STIESS oveeeeeirreeeeeeeeeerre e e e e e e e e eenrnes C-35,CC-48
ties, lateral ..........ccooeeeeieiiieeeeee see Lateral ties
TOLETANCES. .. vieerieeieeciie et S-21, SC-19
transverse, defined...........cccoveeeiieciieeciesiieeieee, C-15
shear wall.........coocooiiiiiniiiies see Shear wall
Wire........... C-19, C-20, C-22 — 24, C-30 — 32, C-35,
...... C-56, C-57, C-60 — 64, S-18, S-19, S-25, S-26,
........................................................... CC-21, SC-14
yield strength notation, fj..........coccceevviiininnnnnn. C-10
Reinforcing steel.........ccooevveverieirennns see Reinforcement
Required strength ...........coccueee. C-14, C-37,C-47, C-65
Response modification factor ............... C-12, C-24, C-48,
.................................................... CC-28 — 30, CC-73
Retempering .......c.ccocevevereeeeiencncnnenn S-15, S-22, SC-9
Roof anchorage
detailing .....eeoveeeieiieiiee e C-9
empirical requirements ............cccceevueeneenne. C-57, CC-78

seismic anchorage.... C-21, C-23, C-24, CC-27, CC-31

Rubble stone masonry
allowable compressive stress (empirical design).. C-54

DONAING.....evieiiiieiicieceeeeeeee e C-56
definition ........ooeviiiiiiiie e C-15
minimum thickness (empirical design)................. C-55

Running bond C-17, C-33, C-34, C-38, C-39, C-40, C-47

................................................................. CC-16—18
definition .......ccocvevvevieeiieieecieieeeee e C-14,S-6
for empirically designed masonry ........................ C-56
SCISMIC IEqUITEMENLS ......eevvveeieirenireieeeieseieeeenens C-22
wall Intersection ..........ccevvveeeennne. C-17, CC-14, CC-15

INDEX I-11

S
Sample panels.........ccevveerieriiiienienieeeeeeens S-12,SC-9
SAMPIES ..ot S-11, SC-8
SAMPING......eieieiieieeeeeee et SC-8
BIICK oot S-9
CONCIELe MASONTY ....eeeineiiiiiiiiieeiiieeiee e S-9
o (01 USSP S-29
Sealant, specification..........ccccoeceeveenenieneennen. S-8, SC-15
Section Properties ........covevveeeereereereereeeeenne C-17,CC-13
Seismic design........ceceeuerevenueennen. C-21—25,C-27—32
CALCZOTICS ..enveetienteenieeiiestee ittt eitestee st e e eeeeseeeneeas C-23
empirical design restrictions...........cceceevueeeeneennen. C-51
limits for lightly loaded columns...........cccccoeueeneen. C-19
VENneer reqUIrements. ........cecvevveerveeveeenenns C-61, CC-86
Seismic force-resisting system............. C-22,C-24, C-32,
........................................................ C-51,CC-27 —32
Seismic load (earthquake load, seismic force)..................
.................................................................. C-16, CC-10

Self-consolidating grout
definition .....ocveveeeieieceeee e,
TIXINE ¢t
placement..........ccoeeevviieereenreennnne.
SUDMILAlS ..o.eeeiieiiieieee e

Service loads

SEtIEMENt .....ceeeiieiieiieie et C-16
Shale MasONIY ......ccccceevveeveeeeerieriiennnns see Clay masonry
Shear
AAC Masonty.......ccoceeeueenne C-66 — 71, CC-93— 96
[o70) LR C-21, C-30, C-38, CC-23, CC-56
force, NOtatioN.........ccceevveeevieeiiieeiie e C-12
reinforcement.............. C-32, C-36, C-41, C-67, CC-44
prestressed Masonty.........ccoeeeeveeneeeneeenennne C-48, CC-74
reinforced masonry.................. C-35, C-36, C-41— 45,
C-67 — 171, CC-49— 51, CC-62— 66, CC-95 — 96
transfer at wall interfaces..........cccccooeuueee.. C-17,CC-14

unreinforced... C-30, C-33, C-40, C-66, CC-37, CC-48

Shear stress

COMPOSIte ACION....ccvvereererererieereeieeerenees C-30, CC-38
reinforced members........................ C-35, C-36, CC-49
unreinforced members.............coeveeeeenneen.. C-33, CC-48

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design
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Shear wall(s)
definItion ....c.eevvieieeiecieceee e C-14
design for in-plane loads, AAC masonry ...C-66, C-68,
..................................................... C-71,CC-93 —96
detailed plain (unreinforced) AAC MSW............. C-15,
........................................ C-23, CC-28 — 29, CC-30
detailed plain (unreinforced) MSW............ C-15, C-22,
.............................................................. CC-28 —29
empirical design .......c..coceeeeeeeienennee C-22, C-52, C-55,
............................................... CC-717, CC-79, CC-80
intermediate reinforced prestressed MSW..C-15, C-23,
.................................................. CC-28 — 30, CC-60
intermediate reinforced MSW ................... C-15, C-22,

ordinary plain (unreinforced) AAC MSW..C-15, C-23,
........................................................ CC-28 — 30
ordinary plain (unreinforced) MSW ........... C-15, C-22,

.............................................................. CC-28 —29
ordinary plain (unreinforced) prestressed MSW ...........
............................................... C-23,CC-28 — 30
ordinary reinforced AAC MSW .....C-23, CC-28 — 31
ordinary reinforced MSW...C-22, CC-28 — 29, CC-31
ordinary plain (unreinforced) prestressed MSW ...........
.............................................. C-15, C-23,CC-28 — 30
reinforced masonry, design.....C-35, C-36, C-44, C-45,

........................... CC-49 — 51, CC-60, CC-63 — 66
seismic requirements ............ C-21 —25,CC-28 —32
special reinforced MSW ......... C-15, C-22,C-23,C-42,

........................... CC-28 — 32, CC-60, CC-63 — 66
special reinforced prestressed MSW ......... C-15, C-23,

Shrinkage.........ccceevevvveciennennen. C-16, C-17, S-20, CC-12,
.................................................... SC-12, SC-15, SC-19
coefficient........ccccoeevviviveniceiinnnnne C-11, C-17,CC-12
deformation ...........ccceveeieeiieceeiee e C-16
1101 215 10 ) o O R C-11
Provisions, drawings.........cccceeevererererceeenienennene C-9

ST equivalents .........cccceeeeveeneeneneneene. C-9,C-73 — 83

Site tolerances.........cocovvvveeevnnennn. S-23, S-25, S-28, SC-19

SIEEVES...uvvevveeeeieectreereeene, C-9, C-28, S-31, S-32, CC-34

SIUMP .oovveiieiieieeieeee e, C-26, C-27,S-13, S-14,

........................................ S-22, S-27, S-28, SC-12, SC-16

Slump flow ....ooeveiviniiiniiieiens C-15, C-26, C-27, S-6,
.................................................. S-11, S-13, S-14, S-17

SPaAN .. C-19, CC-20
Special boundary elements.......... C-15, C-44, C-45, C-71,
........................................ CC-9, CC-63, CC-65, CC-66
Special reinforced MSW ............ C-15, C-22, C-23, C-42,
.............................. CC-29 — 32, CC-60, CC-63 — 66
Special systems...........cccceeveennene C-9, C-59, CC-9, CC-85
Specifications for materials ...S-7—9, S-17 —22, S-31,
................................................... S-32, SC-5, SC-11—18
Specified compressive strength of masonry
acceptance reqUIremMents. .........oocveevverveeceereeneeennens C-25
defiNition ....cceeeceveeiieeie e C-15, S-6
limits for AAC Masonry ........ccceceevevevevereeeeencennens C-65
1imits fOr SD ..vvviiiieiieee e C-38, CC-56
mandatory specifications..........ccoceecerereeeeneeiennne S-31
methods to shown compliance with..... S-9, S-10, SC-6
1001 15 10) 1 BO SR C-11
shown on drawings............cceeeeeveecveneenreennns C-9, C-29
Specified dimension, definition...............ccc.c.... C-13,S-5
Splices of reinforcement............. C-20,C-31—33,C-41,
.......................................... C-42, C-64, C-67, C-68, S-25,
.............................. CC-45, CC-59, CC-60, CC-94, SC-20
Splitting tensile strength of AAC masonry.....C-65, S-17,
............................................................................ CC-94

Stack bond (and other than running bond) .... C-15, C-18,
... C-33,C-34, C-38, C-39, C-40, CC18, CC-56, CC-74

basic requirements..............ccocueen.... C-15, S-32, CC-18
bearing......ccocceveeeveeneeiieiereee C-66, CC-16, CC-17
definition .........ccoeeeeiiiiiieeeeee e C-15, S-6
reinforcement requirements, minimum ................ C-18
seismic requirements .............cee.eee.e.. C-22, C-23, C-25
veneer, (for other than running bond)....... C-61, CC-86
Stainless steel ........... C-20, S-7, S-18, S-20, S-31, SC-14
Standard hook(s)......C-23, C-25, C-32, C-41, C-42, C-67
details ..oooveveeieeieciee, C-20, S-22,CC-21, CC-22
FADIICAtION. . ..vieeieceeieee e S-72
SCISMIC IEqUITEMENtS .....eeevveereeeeeeeeeerenne C-23 —25
Standards, cited ................... C-20, S-7, S-18, S-20, S-31,
........................................... CC-9, SC-5, SC-14, SC-15
Steel
DArS .oovveeeiieieeieeeeee e see Reinforcement
DOIES. ..ot see Anchor bolts
COAtINGS ..o C-20, S-18 — 21, S-31, SC-15
fabrication .........cccceevieeieecieeciecee e, S-22, SC-18
stainless.......cccocereeennen. S-18, S-20, S-21, SC-14, SC-15
L4 (I S-7, S-8, S-19, CC-21, SC-14

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design



Steel reinforcement ...........cc.oceveennn.. see Reinforcement
Steel plates and bars ........cccoceveerieviiecienienns C-20, S-18
Stiffness.....coeevievieecieeieene, C-16, C-17,CC-11, CC-13
anchors, ties ...........cccceeenn... C-84 — 87, CC-85—86
DeaAMS.....eeeieeeeceee e C-19, CC-20
design.......cocceeuneee. C-16 — 17, CC-10, CC-11, CC-13
lateral ......oooovevvieiiiiiee s C-24, CC-31
walls............. C-16 — 17, C-30, CC-10, CC-11, CC-13
Stirrup(s)....... C-15, C-20, C-31 — 33, C-41, C-67, S-22,
...................................... CC-21, CC-22, CC-44, CC-45
Stone masonry
allowable stress (empirical).......c.ccevvverirecienrennen. C-54
ashlar, definition..........cccceceeeevieeiieeiieecieene, C-15, S-6
DONA ... C-56
CASTriiiiiiiiiiieieeeeeeeeeeeeeeeee e C-56
AefINItION ...ooveeeeiiieeee e C-15, S-6
AIMENSION ... C-59, CC-85
minimum thickness..............coccoeeeeeiiiiieiieeceeee, C-55
rubble, definition ...........coevvveeveviiiieieeeenee, C-15, S-6
specifications..........cceevveveeevennnnns S-7, S-8,S-17, SC-14

Storage of materials/products ... C-25, S-12, CC-33, SC-9

Strength
bearing........ccceeeeeierienene e C-38, C-66, CC-56
design strength...........cccoeeveveennnnn. see Design strength
DOILS .o C-23, C-32, CC-25, CC-47
COMPIESSIVE .oovveerenreeneerenenne see Compressive strength
NOMINAL...cveviiriinininenenicieiene see Nominal strength
TEQUITEd...oeveereiecieee e see Required strength
specified ................ see Specified compressive strength
tensile ........ccceeeee see Tension/tensile stress, strength
Strength design .......ccoeeveererieiieieniececeee C-9, CC-7
of clay and concrete masonry (Chapter 3). C-37 —45,
............................................................. CC-55—69
of AAC masonry ........cc..c..... C-65—71,CC-93 —96
of prestressed masonry .........cocceceeeeeeenenne C-37, CC-73
Strength reduction factor(s)........ C-13, C-15, C-37, C-48,
......................................... C-65, CC-55, CC-73, CC-93
definition .......cooeviiiiiiiee e C-15
Stress
allowable ...see Allowable forces, loads, strengths, and
SETESSES veuveneenienretenterteeteeteeueeetetete st st bbbt ne e
bearing.......coccvvevevieneeiieieeieieenen C-31, C-49, CC-16
compressive ....... C-35,C-40,C-41, C-47, C-52 — 54,
.......................... C-66, CC-45—49, CC-72, CC-77
COMPULATIONS ..veenereeieeiieiierieeie e C-17,CC-13
flexural .......ccoovieiiiiieieee e C-33—35
F0T0] ;1 10) 4 ORI C-11
from prestressing jacking force .................. C-47, C-49
1einforcemMent.........oeeevvveveveeeeeeiiiiieeeeeenn. C-35,CC-48

INDEX I-13

shear ......C-30, C-33, C-35, C-36, CC-38, CC48 — 51
temperature change..........ccoccveeveeeveeiereeneenieeeenes C-16
tensile ...C-33 — 35, C-40, C-47, CC-45 — 48, CC-71

Submit/ submitted/ submittals ................. S-6, S-11, SC-8
T
TeMPETALULE. ... .eeveeiieiieie e C-9
affects from changes.................... C-16, CC-18, CC-21
AMDIENT ... S-12, S-15, SC-9
cold weather ................. see Cold weather construction
hot weather ..................... see Hot weather construction
mean daily ........ccoeeeveeerieieiennne. S-6, S-14, S-15, SC-9
NOTALION ...ttt ettt e e e eae e eveeeane e C-7
Tendon anchorage ...................... C-15, C-49, S-6, CC-74
Tendon coupler........ccovvevveeercieiieneenee. C-15, S-6, SC-16
Tendon, jacking force...........ccevvennenee. C-15, C-47, C-49,
........................................................... S-6, S-78, CC-71
Tension/tensile (strength)
axial
DOILS .o C-21, C-29, C-37
prestressed MASONTY........ccvverveeververeenieeieerenns C-48
reinforced Masonry .........ccecvecvevveneenieeneernene C-35
unreinforceded masonry ............... C-33, C-40, C-66
flexural
prestressed MaSONTY........cceeveeereereeeiereenieeeenns C-47
reinforced masonry..........ccoeverevecieeeeennen. C-35,C-42
unreinforceded masonry...... C-33, C-34, C-40, C-66
Test(s)/ testing
AZENCY .uveeeeveeeerieereeereesreenneenns S-11, S-31, S-32, SC-8
anchor boltS ......c..oovvvvviiiciiieicieeeeeee e, C-29, C-37
compressive strength ..........ccoceeeveeeeenne. S-9, S-10, S-29
fleld teStS..covveeeieeieeeeeee e S-29, SC-23
GIOUL 1ttt S-9, S-10, S-29
PIISINS ..ovvenrieeieeererieeieereeeresieeneees S-9, S-10, SC-5—38
TEPOTEING .ottt S-11, S-31, SC-9
SUMP .o S-11, S-17, S-28, SC-12
UIIES Lt eeee e eee e et e e e e e e eenneeeeeneeeeenes S-9

.............................................................................. SC-8
Thermal expansion ............ccceeeeeveennen. C-16, C-17,CC-12
Thickness

COIUMNS ... C-13, C-19, CC-20

empirical requirements.......... C-52, C-54 — 56, CC-78

foundation walls (empirical requirements)........... C-56

ElaSS UNILS ..oveeeiieieeieciieeee e C-63

parapets (empirical requirements) .........c.ccocceueneee C-55

VENEET UNIES...cvvierereeierierereeriieerieeesieeeseneennens C-60, C-62

walls (empirical requirements) ......... C-52, C-54 — 56

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design




I-14 MANUAL OF CONCRETE PRACTICE

Thin-bed mortar for AAC masonry................ S-11, S-17,
............................................................. S-22, S-24, SC-20
defINItioNn ...cocvvieieeeeiiicee e C-15
protection in cold weather ............c.cccceveneee S-11, SC-9
protection in hot weather............ccoceevervenirenennen. S-15
Ties
adjustable ..........ccceeuennen. see Adjustable anchors / ties
COTTOSION PrOtECtiON...cuveneieieiieniieieeeeeeene C-20, S-18
definition ..........coooeeiiiii e C-15
fabrication.........ccccceeevveviieiieeiieeeeeee e S-18, CC-22
ROOKS . C-20, S-22
installation ........cccccoevvveveivieeiiieene S-25, S-26, SC-20
lateral ......ccccoovvevrieeiiiiieeeeeee e, see Lateral ties
material specifications..........ccccvevvvecveriereereeneennn. S-15
Protection........cceeeververeeennnnne. C-20, S-18, S-23, CC-21
specifications ........ccceeeverevenieeeenenenne. S-15, S-31, SC-14
Wall tE .vvieiiiiiieeiee e see Wall ties
Tile, structural clay.......cccceevveeereeneenne C-24, S-7, S-8,
....................................................... CC-31, CC-86, SC-13
TOIEIANCES ..o S-25, S-28
CONCTELE ..ovieeeieeeieeeeeeeeeeee e e e e S-23, SC-19
MASONTY .eeveeeiierieeeeeeeeeeees S-24, S-25, SC-9, SC-20
foundations........ccccoeeeviiieeieiiiiieeeeee e S-23, SC-19
prestressing tendon placement................... S-28, SC-23
reinforcement...................... S-22, S-25, SC-18, SC-20
UNIES .o e e CC-9, SC-5
Transfer, of prestressing force............ C-15, C-47, CC-71
Transformed net cross-sectional area ........... C-17,CC-13
Transverse reinforcement, defined ..........ccccvvveeennnn. C-15
U
Unbonded prestressing tendon ........... C-47—49,CC-73
COITOSION PrOtECtioN......evvveerenereneeeereeeeneens S-19, SC-15
definition .......cccvvvieeeeieeeeeee e C-16, S-6
Unit strength method............cocccveieenen. S-9, SC-5, SC-8
Units, translation table..................ccceeeeennne... C-73— 83

Unreinforced (plain) masonry

AAC MASONTY ..o C-66, CC-94
allowable stress design ......... C-33, C-34,CC-45 — 48
AefINItioN ..oeeveieiieeiec e C-16
strength design................... C-38, C-39, CC-57, CC-58

A\

Veneer ......ccooevvvvveeeeeenenn. C-16, C-59 — 62, CC-83 — 87
anchors ........... C-60, C-61, S-26, CC-83 — 86, SC-30
deflection of supporting members......................... C-60
definition ......c.ccoevivenininirc e C-16
seismic requirements ...................... C-61, C-62, CC-86

...... see also Adhered veneer and Anchored veneers

Vertical SUPPOIt ......cceeviiriirieiieieeieeeee e C-19
anchored masonry veneer ............c..ceo.e..... C-59, CC-85
glass unit MasoONIY ......ccecveeveeeeereeneeneeenne. C-64, CC-90

Visual stability index (VSI)C-16, -6, S-11, S-17, SC-12

W

Wall(s)
anchorage...........cccoeeenn. C-21, C-23, C-24, C-57, CC-8
CAVILY evverviiieeieienieene e see Cavity walls
COMPOSILE .oevveeeereeeeieeiienneen see Composite masonry
AefINItION ..oooveeeeeieeeeeeeeeeeeee e C-16, S-7
design, ASD....ccoooiiiiiieiee e C-35
design for in-plane loads, AAC masonry ............. C-70
design for in-plane loads (SD).......cccceeeeveieeennne C-44
design for out-of-plane loads (SD).......cccccuevueennene C-44
design for out-of-plane loads, AAC masonry....... C-70
effective height.......ccccovevveeiiciiiieieee, C-13, CC-40
empirical requirements........... C-51—53,CC-77 — 81
flange.......ccoevveeievieieieeeeeee C-16, C-17,CC-14
foundation..........cccceeveeuveeieeiiiiinnnns C-55, C-56, CC-78
height, notation............ccoeeevieiieiieeceeee e C-11
intersections........... C-16, C-17, CC-10, CC-14, CC-15
intersecting empirical requirements..................... C-57
lateral support, empirical design.....C-52 — 55, CC-78
loadbearing ..........cccevevveevveecieneeiieseeeeeee e C-16, S-7
masonry bonded hollow .............ccceverueennennen. C-16, S-7
multiwythe........ccoccvevvenennen. C-30, C-52, CC-37 — 39,
oY (8 110 1 S S-6, CC-9
seismic anchorage..........ccoeeveeveriveriiecieeiesienieenens C-21
Shear ....oooovieiieeee see Shear walls
thickness (empirical) ........ccceeeeeveerenennne. C-55, CC-78

Wall tie(s)
bonding.......... C-30, C-56, S-26, CC-37 — 40, CC-78,

........................................................................ SC-20

definition .......ccooeviiiiiiieeee e C-15
installation .........ccocoeevveveivneeeineenne S-25, S-26, SC-20
material.......cocooeivvviiiiiieeceee e S-15, SC-14
PIOLECHION. ...evietieiieeieeiteieete et C-20

Weather
cold....... C-26, C-27, S-11 — 15, SC-9, SC-21, SC-23
hot...C-26, C-27, S-11, S-12, S-13 — 15, SC-9, SC-21
protection............ C-20,C-49, S-11, S-19, S-25, CC-25

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design



Welded splices......C-32, C-33, C-42, C-68, S-25, CC-45
Welding ........cccueneee. C-9, C-10, CC-9, S-9, S-28, SC-23
inspection requirements........... C-26, C-27, S-13, S-14
Wetting masonry units............. S-23, S-32, SC-19, SC-23
When required, definition............cceeveeieneecreevenneenne. S-7
Width
CAVILY vrovveerereereeee e C-28, S-25, CC-38, SC-20
definition ......c.cccevveevievieecie e, C-16, CC-9, SC-5
diaphragm, empirical.........c.ccecererveeennnn C-52, CC-77
effective compressive......... C-18, C-45, CC-14, CC-16
flange.......coceeeeiieiieiee C-45, C-71, C-17, CC-14
SrOUt SPACE....ecuveveereeeeaneennenn C-28, S-25, S-27, SC-22
F10] 721 5 o) 1 FO USSP C-10
panel, glass unit MasoNTy ...........ccoeveevveeveevernnenne C-64
Wind
cold weather requirements.............ccceceeeereerieennen. S-12
empirical Imitations........ccoceeveereeienieneenceenee. C-51
glass unit MasoNry .......cccceevveecverveneeneenne. C-63, CC-89
hot weather requirements ...................... S-6 —9,S-13
veneer limitations ...........cccccceevee.. C-59, C-62, CC-86

INDEX I-15

Wire anchors..........ooocvevvvieiiiiiiiiieeeeeeeeee, C-60, S-18
Wire coatings.......ccoecveveerreevvercresveseeenne C-20, S-18, S-19
Wood
backing for veneer...........c.cceceeueeee. C-60, C-62, CC-86
support on glass unit masonry .................. C-64, CC-90
support on, empirical requirements ...................... C-57
SUPPOTE ON, VENEET ..eerevreereerireenereennreenereesereenanennns C-59
Work, definition ...........cooovevieeiniiiieieeeeeeeeeeee e S-7
Wythe, definition..........cccoevvriiiienieieieeens C-16, S-7
Y
Yield strength, notation ............cccveeveevenieenieevennennen. C-11

* AAC = Autoclaved Aerated Concrete, ASD = Allowable Stress Design, MSW = Masonry Shear Wall, SD = Strength Design
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