Chapter 11

MASONRY STRUCTURE DESIGN REQUIREMENTS

11.1 GENERAL:

11.1.1 Scope: The design and condruction of reinforced and plain (unreinforced) masonry
components ahd sysems and the materias used therein shal comply with the requirements of this
chapter.

11.1.2 Reference Documents: The desgnation and title of documents cited in this chapter are listed
in this section.

ACI 318 American Concrete Ingtitute (ACl), Building Code Requirements for Structural
Concrete, excluding Appendix A, 1999

ACI 530 American Concrete Ingditute (ACI), Building Code Requirements for Masonry Structures,
ACI 530/ASCE 5/TMS 402, 1999

ACI 530.1 American Concrete Inditute (ACI), Specifications for Masonry Structures, ACI
530.1/ASCE 6/TMS 602, 1999

Compliance with specific provisons of ACI 530 is mandatory where required by this chapter.
11.1.3 Definitions:

Anchor: Metd rod, wire, bolt, or strap that secures masonry to its structura support.

Area:

Gross Cross-Sectional Area: The area ddineated by the out-to-out specified dimensons of
masonry in the plane under congderation.

Net Cross-Sectional Area: The area of masonry units, grout, and mortar crossed by the plane
under consderation based on out-to-out specified dimensions.

Bed Joint: The horizontd layer of mortar on which amasonry unit islaid.

Backing: Thewall surfaceto which veneer is secured. The backing can be concrete, masonry, stedl
framing, or wood framing.

Cleanout: An opening to the bottom of a grout space of sufficient Sze and spacing to alow remova of
debris.

Collar Joint: Vertica longitudind joint between wythes of masonry or between masonry wythe and
back-up congtruction which is permitted to be filled with mortar or grout.
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Column: An isolated verticad member whose horizontal dimension measured at right angles to the
thickness does not exceed three times its thickness and whose height is at least three timesiits thickness.

Composite Masonry: Multiwythe masonry members acting with compaosite action.

Connector: A mechanicd device (including anchors, wall ties, and fasteners) for joining two or more
pieces, parts, or members.

Cover: Digtance between surface of reinforcing bar and edge of member.

Detailed Plain Masonry Shear Wall: A masonry shear wall designed to resst latera forces
neglecting stresses in reinforcement and designed in accordance with Sec. 11.10.2.

Dimension:

Actual Dimension: The measured dimension of a designated item (e.g., a designated masonry unit
or wall).

Nominal Dimension: The specified dimension plus an dlowance for the joints with which the units
aretobelad. Nomind dimensons are usudly given in whole numbers. Thicknessis given fird,
followed by height and then length.

Specified Dimension: The dimenson specified for the manufacture or congtruction of masonry,
Masonty units, joints, or any other component of astructure.

Effective Height: For braced members, the effective height is the clear height between latera
supports and is used for caculating the dendernessratio. The effective height for unbraced membersis
cdculated in accordance with engineering mechanics.

Effective Period: Fundamenta period of the structure based on cracked gtiffness.
Glass Unit Masonry: Nonload-bearing masonry composed of glass units bonded by mortar.

Head Joint: Verticd mortar joint between masonry units within the wythe at the time the masonry
unitsarelad.

Intermediate Reinforced Masonry Shear Wall: A masonry shear wall desgned to resist |atera
forces consdering stresses in reinforcement and designed in accordance with Sec. 11.10.4.

Masonry Unit:

Hollow Masonry Unit: A masonry unit whose net cross-sectiond areain every plane pardld to
the bearing surface is less than 75 percent of the gross cross-sectiond arealin the same plane.

Solid Masonry Unit: A masonry unit whose net cross-sectiond areain every plane parale to the
bearing surface is 75 percent or more of the gross cross-sectional areain the same plane.

Ordinary Plain Masonry Shear Wall: A masonry shear wall designed to resist lateral forces
neglecting stresses in reinforcement and designed in accordance with Sec. 11.10.1.
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Ordinary Reinforced Masonry Shear Wall: A masonry shear wall designed to resist laterd forces
consdering stresses in reinforcement and designed in accordance with Sec. 11.10.3.

Plain Masonry: Masonry in which the tendle resstance of the masonry is taken into consderation
and the effects of stressesin reinforcement are neglected.

Plastic Hinge: The zone in astructurd member in which the yidd moment is anticipated to be
exceeded under |oading combinations that include earthquake.

Reinforced Masonry: Masonry congtruction in which reinforcement actsin conjunction with the
masonry to resst forces.

Running Bond: The placement of masonry units such that head joints in successve courses are
horizontally offset at least one-quarter the unit length.

Special Reinforced Masonry Shear Wall: A masonry shear wall designed to resst lateral forces
consdering stressesin reinforcement and designed in accordance with Sec. 11.10.5.

Specified: Required by construction documents.

Specified Compressive Strength of Masonry, f}; : Reguired compressive strength (expressed as

force per unit of net cross-sectiond areq) of the masonry. Whenever the quantity f,; isunder the

radica sgn, the square root of numerica vaue only isintended and the result has units of pounds per
square inch (MPa).

Stack Bond: Stack bond is other than running bond. Usudly, the placement of unitsis such that the
head joints in successve courses are digned verticaly.

Stirrup: Shear reinforcement in abeam or flexura member.
Strength:
Design Strength: Nominal strength multiplied by a strength reduction factor.

Nominal Strength: Strength of amember or cross section caculated in accordance with these
provisions before gpplication of any strength reduction factors.

Required Strength: Strength of amember or cross section required to resist factored loads.
Tie:

Lateral Tie: Loop of reinforcing bar or wire enclosng longitudina reinforcement.

Wall Tie: A connector that joins wythes of masonry walls together.
Veneer:

Masonry Veneer: A masonry wythe that provides the exterior finish of awall sysem and
transfers out-of-plane load directly to abacking but that is not considered to add load-resisting
capacity to the wall system.
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Anchored Veneer: Masonry veneer secured to and supported laterally by the backing through
anchors and supported verticaly by the foundation or other structural support.

Adhered Veneer: Masonry veneer secured to and supported by the backing through adhesion.

Wall: A verticd dement with ahorizontd length at least three times its thickness.

Wall Frame: A moment ressting frame of masonry beams and masonry columnswithin aplane with
gpecid reinforcement details and connections that provides resstanceto laterd and gravity loads.

Wythe: A continuous vertica section of awal/, one masonry unit in thickness.

11.1.4
4,

n

Notations:
= cross-sectiond areaof an anchor bolt, in.2 (mn).
= net cross-sectiona area of masonry, in.2 (Mmny).

= projected area on the masonry surface of aright circular cone for anchor bolt alowable
shear and tension caculations, in.? (mn).

= cross-sectiona areaof reinforcement, in.2 (mn).

= cross-sectiona area of shear reinforcement, in.2 (mm)?
= length of compressive stress block, in. (mm).

= deggnaxid strength of an anchor balt, Ib (N).

= design shear strength of an anchor balt, Ib (N).

= factored axia force on an anchor bolt, Ib (N).

= factored shear force on an anchor bolt, Ib (N).

= web width, in. (mm).

= deflection amplification factor asgivenin Table 5.2.2.
= digance from the fiber of maximum compressive strain to the neutra axis, in. (mm).
= diameter of reinforcement, in. (mm).

= diameter of the largest beam longitudind reinforcing bar passing through, or anchored in,
the wdl frame beam- column intersection, in. (mm).

= diameter of thelargest column (pier) longitudind reinforcing bar passing through, or
anchored in, the wall frame beam-column intersection, in. (mm).

= length of member in direction of shear force, in. (mm).
= modulus of dadticity of masonry, ps (MPa).
= modulus of dadticity of reinforcement, ps (MPa).
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modulus of rigidity of masonry, ps (MPa).

gpecified compressive strength of grout, ps (MPa).

specified compressive strength of masonry a the age of 28 days, unless a different ageis
specified, ps (MPa).

modulus of rupture of masonry, ps (MPa).

specified yidd strength of the reinforcement or the anchor bolt as applicable, ps (MPa).
effective height of acolumn, pilaster or wall, in. (mm).

height of structure above the base levd to leve n, ft. (m).

beam depth in the plane of the wall frame, in. (mm).

cross-sectiona dimension of grouted core of wall frame member measured center to center
of confining renforcement, in. (mm).

pier depth in the plane of the wdl frame, in. (mm).

moment of inertia of the cracked section, in.* (mntf").

effective moment of inertia, in.* (mn).

moment of inertia of the net cross-sectiond area of amember, in.* (mn).
length of coupling beam between coupled shear walls, in. (mm).
effective embedment length of anchor bolt, in. (mm).

anchor bolt edge distance, in. (mm).

development length, in. (mm).

equivaent development length for a standard hook, in. (mm).
minimum lap splice length, in. (mm).

moment on a masonry section due to unfactored load, in.-lb (N-mm).

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

cracking moment strength of the masonry, in.-Ib (N-mm).

design moment strength, in.-Ib (N-mm).

required flexura strength due to factored loads, in.-Ib (N-mm).

nominal moment strength a the ends of the coupling beam, in.-lb (N-mm).

force acting normal to shear surface, 1b (N).
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= axid force on amasonry section due to unfactored loads, Ib (N).
nomind axid load strength, 1b (N).

=

v v v
I

=

= required axia strength due to factored loads, b (N).
= radiusof gyrdion, in. (mm).

~
I

section modulus based on net cross-sectiona areaof awall, in3 (mm?).

t
1

= gpacing of latera reinforcement in wall frame members, in. (mm).

“
|

specified wall thickness dimension or least laterd dimension of acolumn, in. (mm).

-~
I

= ghear on amasonry section due to unfactored loads, Ib (N).
unfactored shear force due to gravity loads, 1b (N).

AT
I

= ghear strength provided by masonry, Ib (N).

o~
I

nomina shear strength, Ib (N).

~
I

shear strength provided by shear reinforcement, 1b (N).
required shear strength due to factored loads, 1b (N).

AN
I

= desgn gory drift asdetermined in Sec. 5.3.7.1, in. (mm).
dlowable story drift as specified in Sec. 5.2.8, in. (mm).

* o/ \V
2
1

= the maximum displacement at levd X, in. (mm).

3
g

(w)
I

ratio of the area of reinforcement to the net cross-sectiona area of masonry in aplane
perpendicular to the reinforcement.

D, = reinforcement ratio producing balanced strain conditions.
s = Maximum ussble compressive strain of masonry, in/in. (mm/mm).
N = drength reduction factor.

11.2 CONSTRUCTION REQUIREMENTS:

11.2.1 General: Masonry sndl be constructed in accordance with the requirements of ACI 530.1.
Materids shall conform to the requirements of the standards referenced in ACI 530.1.

11.2.2 Quality Assurance: Inspection and testing of masonry materias and congtruction shall
comply with the requirements of Chapter 3.

11.3 GENERAL REQUIREMENTS:

11.3.1 Scope: Masonry structures and components of masonry structures shal be desgned in
accordance with the requirements of reinforced masonry design, plain (unreinforced) masonry design,
empirica design or design for architectura components of masonry subject to the limitations of this
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section. All masonry walls, unlessisolated on three sides from in-plane mation from the basic ructura
system, shdl be designed as shear walls. For design of glass-unit masonry and masonry veneer, see
Sec. 11.12

11.3.2 Empirical Masonry Design: The requirements of Chapter 5 of ACI 530.1 shdl apply to the
empiricd desgn of masonry.

11.3.3 Plain (Unreinforced) Masonry Design:

11.3.3.1: Inthe desgn of plain (unreinforced) masonry members, the flexura tendle strength of
masonry units, mortar and grout in resisting design loads shall be permitted.

11.3.3.2: Inthe desgn of plain masonry members, stresses in reinforcement shal not be considered
effective in ressting design loads.

11.3.3.3: Plain masonry members shall be designed to remain uncracked.

11.3.4 Reinforced Masonry Design: Inthe design of reinforced masonry members, stressesin
reinforcement shdl be consdered effective in ressting design loads.

11.3.5 Seismic Design Category A: Structures assgned to Seismic Design Category A shdl
comply with either the requirements of Sec. 11.3.2 (empirical masonry design), Sec. 11.3.3 (plain
masonry design), or Sec. 11.3.4 (reinforced masonry design).

11.3.6 Seismic Design Category B: Structures assgned to Seismic Design Category B shdl
conform to dl the requirements for Seismic Design Category A and the laterd-force-ressting system
shdl be designed in accordance with Sec. 11.3.3 or Sec. 11.3.4.

11.3.7 Seismic Design Category C: Structures assgned to Seismic Design Category C shal
conform to the requirements for Seismic Design Category B and to the additiona requirements of this
section.

11.3.7.1 Material Requirements: Structurd clay load-bearing wall tile shal not be used as part of
the basic gructurd system.

11.3.7.2 Masonry Shear Walls: Masonry shear walls shal comply with the requirements for

detailed plain masonry shear walls (Sec. 11.10.2), intermediate reinforced masonry shear walls
(Sec. 11.10.4), or special reinforced masonry shear walls (Sec. 11.10.5).

11.3.7.3 Minimum Wall Reinforcement: Vertica reinforcement of a least 0.20in.? (129 mn) in
cross-sectiond area shal be provided continuoudy from support to support at each corner, at each
Sde of each opening, a the ends of walls, and a a maximum spacing of 4 feet (1219 mm) apart
horizontally throughout the walls. Horizontal reinforcement not less than 0.20 in.? (129 mn¥) in cross
section shdl be provided as follows:

a At the bottom and top of wall openings extending not less than 24 in. (610 mm) nor less than 40
bar diameters past the opening,

b. Continuoudy at structuraly connected roof and floor levels and a the top of walls,

181



2000 Provisions Chapter 11

c. At the bottom of load-bearing walls or in the top of foundations when doweled to the wadl, and

d. At maximum spacing of 120 in. (3048 mm) unless uniformly digtributed joint reinforcement is
provided.

Reinforcement at the top and bottom of openings, when used in determining the maximum spacing
gpecified in Item d above, shdl be continuousin the wall.

11.3.7.4 Stack Bond Construction: Where stack bond is used, the minimum horizontal
reinforcement shall be 0.0007 times the gross cross-sectiond area of thewall. This requirement shall
be stisfied with uniformly digtributed joint reinforcement or with horizonta reinforcement spaced not
over 48in. (1219 mm) and fully embedded in grout or mortar.

11.3.7.5 Multiple Wythe Walls Not Acting Compositely: At least onewythe of acavity wall shdl
be reinforced masonry designed in accordance with Sec. 11.3.4. The other wythe shadl be reinforced
with aminimum of one W1.7 wire per 4-in. (102 mm) nomina wythe thickness and spaced at intervals
not exceeding 16 in. (406 mm). The wythes shal be tied in accordance with ACI 530, Sec. 5.8.3.2.

11.3.7.6 Walls Separated from the Basic Structural System: Masonry walls, |aterdly supported
perpendicular to their own plane but otherwise structurdly isolated on three sides from the basic
gructurd system, shdl have minimum horizonta reinforcement of 0.0007 times the gross cross-
sectiond area of the wall. This requirement shall be satisfied with uniformly distributed joint
reinforcement or with horizontal reinforcement spaced not over 48 in. (1219 mm) and fully embedded
in grout or mortar. Architectural components of masonry shdl be exempt from this reinforcement
requirement.

11.3.7.7 Connections to Masonry Columns: Structura members framing into or supported by
masonry columns shall be anchored thereto. Anchor bolts located in the tops of columns shdl be st
entirdy within the reinforcing cage composed of column bars and laterd ties. A minimum of two No. 4
(13 mm) laterd ties shdl be provided in the top 5 inches (127 mm) of the column.

11.3.8 Seismic Design Category D: Structures asigned to Seismic Design Category D shdl
conform to dl of the requirements for Seismic Design Category C and the additiona requirements of
this section.

11.3.8.1 Material Requirements: Neither Type N mortar nor masonry cement shall be used as part
of the basic structurd system.

11.3.8.2 Masonry Shear Walls: Masonry shear walls shdl comply with the requirements for
special reinforced masonry shear walls (Sec. 11.10.5)

11.3.8.3 Minimum Wall Reinforcement: All walls shdl be reinforced with both verticd and
horizontal reinforcement. The sum of the areas of horizontal and vertica reinforcement shal be at least
0.002 times the gross cross-sectiond area of the wal and the minimum area of reinforcement in each
direction shal not be less than 0.0007 times the gross cross-sectiond area of the wall. The spacing of
reinforcement shall not exceed 48 in. (1219 mm). Except for joint reinforcement, the bar Sze shdl not
be less than aNo. 3 (10-mm diameter). Reinforcement shall be continuous around wall corners and
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through intersections, unless the intersecting wals are separated. Only horizonta reinforcement that is
continuousin the wall or dement shdl be included in computing the area of horizontal reinforcement.
Reinforcement spliced in accordance with Sec. 11.4.5.6 shal be considered as continuous reinforce-
ment. Architecturd components of masonry shdl be exempt from this reinforcement requiremen.

11.3.8.4 Stack Bond Construction: WWhere masonry islad in stack bond, the minimum amount of
horizonta reinforcement shal be 0.0015 times the gross cross-sectiond area of thewall. If open-end
units are used and grouted solid, the minimum amount of horizonta reinforcement shdl be 0.0007 times
the gross cross-sectiond areaof thewall. The maximum spacing of horizonta reinforcement shal not
exceed 24 in. (610 mm). Architecturd components of masonry shal be exempt from these
requirements.

11.3.8.5 Minimum Wall Thickness: The nomind thickness of masonry bearing walls shal not be
lessthan 6 in. (152 mm). Nomind 4-in. (102 mm) thick load-bearing reinforced hollow clay unit
masonry walls with a maximum unsupported height or length to thickness ratio of 27 are permitted to
be used provided the net area unit strength exceeds 8,000 ps (55 MPa), unitsare laid in running
bond, bar Szes do not exceed No. 4 (13 mm) with not more than two bars or one splicein acdll, and
joints are not raked.

11.3.8.6 Minimum Column Reinforcement: Latera tiesin columns shal be spaced not more than
8in. (203 mm) on center for the full height of the column. Laterd ties shdl be embedded in grout and
shall be No. 3 (20 mm) or larger.

11.3.8.7 Minimum Column Dimension: The nomind dimengons of amasonry column shal not be
lessthan 12 in. (305 mm).

11.3.8.8: Separation Joints: Where concrete abuts structural masonry and the joint between the
materiadsis not designed as a separation joint, the concrete shal be roughened so that the average
height of aggregate exposureis 1/8 in. (3 mm) and shall be bonded to the masonry in accordance with
these requirements as if it were masonry. Verticd joints not intended to act as separation joints shdl be
crossed by horizontal reinforcement as required by Sec. 11.3.8.3.

11.3.9 Seismic Design Categories E and F: Structures assigned to Seismic Design Categories E
and F shdl conform to the requirements of Seismic Design Category D and to the additiona
requirements and limitations of this section.

11.3.9.1 Material Requirements: Construction procedures or admixtures shal be used to minimize
ghrinkage of grout and to maximize bond between reinforcement, grout, and units.

11.3.9.2 Masonry Shear Walls: Masonry shear wals shal comply with the requirements for special
reinforced masonry shear walls (Sec. 11.10.5).

11.3.9.3 Stack Bond Construction: Masonry laid in stack bond shdl conform to the following
requirements.

11.3.9.3.1: For masonry that is not part of the basic sructura system, the minimum ratio of horizontal
reinforcement shdl be 0.0015 and the maximum spacing of horizonta reinforcement shdl be 24 in. (610
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mm). For masonry that is part of the basic sructura system, the minimum ratio of horizonta
reinforcement shdl be 0.0025 and the maximum spacing of horizonta reinforcement shdl be 16 in. (406
mm). For the purpose of caculating thisratio, joint reinforcement shal not be considered.

11.3.9.3.2: Renforced hollow unit condruction shdl be grouted solid and Al iead joints shdl be
made solid by the use of open end units.

11.3.10 Properties of Materials:

11.3.10.1 Steel Reinforcement Modulus of Elasticity: Unless otherwise determined by test, stedl
reinforcement modulus of dadticity, E,, shall be taken to be 29,000,000 psi (200,000 MPa).

11.3.10.2 Masonry Modulus of Elasticity: The modulus of dadticity of masonry. E,,, shdl be
determined in accordance with Eq. 11.3.10.2 or shall be based on the modulus of eadticity determined
by prism test and taken between 0.05 and 0.33 times the masonry prism strength:

E = T750f) (11.3.10.2)

m

where E,, = modulus of dadticity of masonry (pg) and f,; = specified compressive strength of
masonry, pS. The metric equivalent of Eq. 11.3.10.2 isthe same except that £,, and f,; arein MPa
11.3.10.3: The modulus of rigidity of masonry, E,, shal be taken equd to 0.4 times the modulus of
eladticity of masonry, E,,,.

11.3.10.4 Masonry Compressive Strength:

11.3.10.4.1: The specified compressive strength of masonry, f,; , shall equal or exceed 1,500 ps (10
MPa).

11.3.10.4.2: Thevdueof f,; used to determine nominal strength vauesin this chapter shdl not

exceed 4,000 ps (28 MPa) for concrete masonry and shal not exceed 6,000 ps (41 MPa) for clay
masonry.

11.3.10.5 Modulus of Rupture:

11.3.10.5.1 Out-of-Plane Bending: The modulus of rupture, £,, for masonry elements subjected to
out-of-plane bending shal be taken from Table 11.3.10.5.1.

TABLE 11.3.10.5.1 Modulus of Rupture for Out-of-Plane Bending (f,)
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Mortar types, psi (MPa)
Masonry cement and
air-entrained Portland
Masonry type Portland cement/lime cement/lime
Mor S N Mor S N
Normal to bed joints
Solid units 80 (0.55) 60 (0.41) 48 (0.33) 30(0.21)
Hollow units’
Ungrouted 50 (0.34) 38 (0.26) 30(0.21) 18 (0.12)
Fully grouted 136 (0.94) | 116 (0.80) | 82(0.57) 52 (0.36)
Pardld to bed joints in running bond
Solid units 160 (1.10) | 120(0.83) | 96 (0.66) 60 (0.41)
Hollow units
Ungrouted and partidly grouted 100 (0.69) | 76(0.52) | 60 (0.41) 38 (0.26)
Fully grouted (running bond masonry) | 160 (1.10) | 120 (0.83) | 96 (0.66) 60 (0.41)
Pardld to bed joints in stack bond:
0 0 0 0

“ For partially grouted masonry, modulus of rupture values shall be determined on the basis of linear interpolation between
hollow unitsthat are fully grouted and hollow units that are ungrouted based on amount (percentage) of grouting.

11.3.10.5.2 In-Plane Bending: The modulus of rupture, f,, for masonry eements subjected to in-
plane forces shall be taken as 250 ps (1.7MP4). For grouted stack bond masonry, tension pardld to
the bed joints for in-plane bending shdl be assumed to be resisted only by the continuous grout core
section.

11.3.10.6 Reinforcement Strength: Masonry design shal be based on areinforcement strength
equal to the specified yield strength of reinforcement, /,, that shall not exceed 60,000 psi (400 MPa).

11.3.11 Section Properties:

11.3.11.1: Member strength shall be computed using section properties based on the minimum net
bedded and grouted cores cross-sectiond area of the member under consideration.

11.3.11.2: Section properties shall be based on specified dimensions.

11.3.12 Headed and Bent-Bar Anchor Bolts: All bolts shdl be grouted in place with at least 1. in.
(25 mm) grout between the bolt and masonry, except that 1/4-inch (6.4 mm) bolts may be placed in
bed jointsthat are at least 1/2 in. (12.7 mm) in thickness.
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11.3.12.1: Thedesign axid strength B, for headed anchor bolts embedded in masonry shall be the
lesser of Eq. 11.3.12.1-1 (strength governed by masonry breakout) or Eq. 11.3.12.1-2 (strength
governed by sted):

B, = A,f, (11.3.12.1-2)
B,=4 4, i (11.3.12.1-1)

where:
B, = dedgnaxid strength of the headed anchor bolt, 1b;

N = drength reduction factor whereN = 0.5 for Eq. 11.3.12.1-1 and N = 0.9 for Eq.
11.3.12.1-2;

A, = projected area on the masonry surface of aright circular cone, in.?;

A, = dffectivetensle stress area of the headed anchor balt, in.?;

f = specified compressive strength of the masonry, psi; and
f, = specified yield strength of the headed anchor bolt, ps.

The metric equivaent of Eq. 11.3.12.1-1is B, = (0.33Ap fr;) where B, isinN, 4, isin mnv,
andfr; isin MPa. The metric equivalent of Eq. 11.3.12.1-2 is the same except that B, isin N, 4, isin
mnt, and £, isin MPa.

11.3.12.1.1: Thearead, in Eq. 11.3.12.1-1 shall be the lesser of Eq. 11.3.12.1.1-1 or Eq.
11.3.12.1.1-2:

4, = R’ (11.3.12.1.1-1)
4, = R, (11.3.12.1.1-2)
where:
A, = projected area on the masonry surface of aright circular cone, in.?;
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Iy

effective embedment length of the headed anchor bolt, in.; and

Ly, anchor bolt edge distance, in..

The metric equivaents of Eq. 11.3.12.1.1-1 and Eq. 11.3.12.1.1-2 are the same except that 4, isin
mn? and /, and /,, arein mm.

Where the projected areas, 4,,, of adjacent headed anchor bolts overlap, the projected area, 4, of
each bolt shall be reduced by one-hdf of the overlapping area. That portion of the projected area
faling in an open cell or core shdl be deducted from the vaue of 4, calculated using Eq. 11.3.12.1.1-1
or Eq. 11.3.12.1.1-2, whichever isless.

11.3.12.1.2: The effective embedment length of a headed bolt, /, , shal be the length of embedment
mesasured perpendicular from the surface of the masonry to the head of the anchor bolt.

11.3.12.1.3: The minimum effective embedment length of headed anchor bolts ressting axid forces
shdl be 4 bolt diameters or 2 in. (51 mm), whichever is greater.

11.3.12.2: Thedesgn axid srength B,,,for bent-bar anchor bolts (J- or L-bolts) embedded in
masonry shdl bethe least of Eq. 11.3.12.2-1 (strength governed by masonry breakout), EQ.
11.3.12.2-2 (strength governed by stedl), or Eq. 11.3.12.2-3 (strength governed by anchor pullout):

B, =4 4 i (11.3.12.2-1)
B, = A, (11.3.12.2-2)
B, = 15 fled, + 200 (1, + e+ d), (11.3.12.2-3)

where:
B, = dedgnaxid strength of the bent-bar anchor boalt, 1b;

N = drrength reduction factor whereN = 0.5 for Eq. 11.3.12.2-1, N = 0.9 for Eq. 11.3.12.2-2,
and N = 0.65 for Eq. 11.3.12.2-3;

A, = projected area on the masonry surface of aright circular cone, in.?;
A, = effectivetendle stress area of the bent-bar anchor bolt, in.%;

e = projected leg extenson of bent-bar anchor bolt, measured from insgde edge of anchor a
bend to farthest point of anchor in the plane of the hook, in.; shall not be taken larger than
2d, for usein Eq. 11.3.12.2-3.
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d, = nomind diameter of bent-bar anchor bolt, in.
I, = effective embedment length of bent-bar anchor bolt, in.

fi = specified compressive strength of the masonry, psi;

f, = specified yield strength of the bent-bar anchor bolt, ps.
The metric equivaent of Eq. 11.3.12.2-1is.

B, - 033 A1,

where B, isin N, 4, isin mnr, andfn/l iIsin MPa. The metric equivalent of Eq. 11.3.12.2-2 isthe same
except that B, isin N, 4, isinmn?, andf, isin MPa. The metric equivalent of Eq. 11.312.2-3is:

B, =15 fled, + 205 (I, + e + d,)d,

where B, isinN, e and d, aein mm, andf,; isin MPa.

The second term in Eq. 11.3.12.2-3 shdl be included only if continuous specia inspection is provided
during placement per Sec. 11.3.5.2.

11.3.12.2.1: Thearead, in Eq. 11.3.12.2-1 shall be the lesser of Eq.11.3.12.2.1-1 or Eq.
11.3.12.2.1-2:

4, = 17 (11.3.12.2.1-1)
4, = I, (11.3.12.2.1-2)

where:
A, = projected area on the masonry surface of aright circular cone, in.?;
I, = effective embedment length of the bent-bar anchor bolt, in.; and
l,, = anchor bolt edge distance, in..
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The metric equivaents of Eq. 11.3.12.2.1-1 and Eq. 11.3.12.2.1-2 are the same except that 4, isin
mn? and /, and /,, aein mm,

Where the projected areas, 4,,, of adjacent bent-bar anchor bolts overlap, the projected area, 4, of
each bolt shall be reduced by one-half of the overlapping area. That portion of the projected area
faling in an open cell or core shdl be deducted from the vaue of 4, calculated using Eq. 11.3.12.2.1-1
or Eq. 11.3.12.2.1-2, whichever isless.

11.3.12.2.2: The effective embedment of a bent-bar anchor boalt, /, , shdl be the length of embedment
measured perpendicular from the surface of the masonry to the bearing surface of the bent end, minus
one anchor bolt diameter.

11.3.12.2.3: The minimum effective embedment length of bent-bar anchor bolts ressting axia forces
shdl be 4 bolt diameters or 2 in. (51 mm), whichever is greater.

11.3.12.3: Where the anchor bolt edge distance, /,., equals or exceeds 12 bolt diameters, the design
shear strength, B,, shdl be the lesser of the values given by Eq. 11.3.12.3-1 (strength governed by
masonry) or Eq. 11.3.12.3-2 (strength governed by stedl):

4
B, = 1750 f. 4, (11.3.12.3-1)
B, =06 4,f, (11.3.12.3-2)
where:
N = drrength reduction factor whereN = 0.5 for Eqg. 11.3.12.3-1 and N = 0.9 for Eq.

11.3.12.3-2;

A, = effectivetendle stress area of the anchor balt, in.?;
frfl = gpecified compressive strength of the masonry, ps, and
f, = specified yield strength of anchor bolt as gpplicable, psi.
The metric equivalent of Eq. 11.3.12.3-1is B, - 5350 ! fr; 4, where 4, isinmn? and £ andf,

arein MPa. The metric equivdent of Eq. 11.3.12.3-2 isthe same asthat above except that 4, isin
mnt and £, isin MPa

Where the anchor bolt edge distance, /,,, islessthan 12 bolt diameters, the vdue of B, in Eq,
11.3.12.3-1 shdl be reduced by linear interpolation to zero at an /,, distance of 1 in. (25 mm).
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11.3.12.4: Anchor bolts subjected to combined shear and tension shall be designed to satisfy Eq.
11.3.12.4.

< +—2# 1

5 3 (11.3.12.4)
where:
b, = dedgnaxid force on the anchor balt, Ib (N);

B, = desggnaxid grength of the anchor balt, 1b (N);

b, = desgn shear force on the anchor bolt, Ib (N); and

B, = desgn shear strength of the anchor balt, Ib (N).

11.4 DETAILS OF REINFORCEMENT:

11.4.1 General:

11.4.1.1: Details of reinforcement shall be shown on the contract documents.
11.4.1.2: Reinforcing bars shall be embedded in grout.

11.4.2 Size of Reinforcement:

11.4.2.1: Reinforcing bars used in masonry shal not be larger than aNo. 9 bar (29 mm diameter).
The bar diameter shall not exceed one-eighth of the nomind wall thickness and shdl not exceed one-
quarter of the least clear dimension of the cell, course, or callar joint in whichit is placed. The areaof
reinforcing bars placed in acell, or in acourse, of hollow unit construction shall not exceed 4 percent
of the cell area

11.4.2.2: Longitudind and crosswire joint reinforcement shal be aminimum W21.1 (0.011 mnv) and
shdl not exceed one-haf thejoint thickness.

11.4.3 Placement Limits for Reinforcement:

11.4.3.1: The clear distance between pardld reinforcing bars shdl not be less than the nomind
diameter of the bars nor lessthan 1 in. (25 mm).

11.4.3.2: In columns and pilagters, the clear distance between vertica reinforcing bars shdl not be less
than one and one-haf times the nominal bar diameter, nor less than 1-1/2 in. (38 mm).

11.4.3.3: The dear distance limitations between reinforcing bars dso shdl apply to the clear distance
between a contact 1ap splice and adjacent splices or bars.

11.4.3.4: Reinforcing bars shdl not be bundled.

11.4.4 Cover for Reinforcement:
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11.4.4.1: Reinforcing bars shdl have a minimum thickness of masonry and grout cover not less than 2-
1/2 d,, nor lessthan the following:

a. Where the masonry face is exposed to earth or wesether, 2 in. (51 mm) for bars larger than No. 5
(16 mm) and 1-1/2 in. (38 mm) for No. 5 (16 mm) bar or smdler.

b. Where the masonry is not exposed to earth or westher, 1-1/2 in. (38 mm).

11.4.4.2: The minimum grout thickness between reinforcing bars and masonry units shdl be /4 in. (6
mm) for fine grout or 1/2 in. (12 mm) for coarse grot.

11.4.4.3: Longituding wires of joint reinforcement shal be fully embedded in mortar or grout with a
minimum cover of 1/2 in. (13 mm) when exposed to earth or weather and 3/8 in. (10 mm) when not
exposed to earth or wesather. Joint reinforcement in masonry exposed to earth or wegther shall be
corrosion resistant or protected from corrosion by coating.

11.4.4.4: Wall ties, anchors, and inserts, except anchor bolts not exposed to the weather or moisture,
shdl be protected from corrosion.

11.4.5 Development of Reinforcement:

11.4.5.1 General: The cdculated tenson or compression in the reinforcement where masonry
reinforcement is anchored in concrete shal be devel oped in the concrete by embedment length, hook or
mechanical device, or acombination thereof. Hooks shall be used only to develop barsin tension.

11.4.5.2 Development of Reinforcing Bars and Wires in Tension: The development length, I, of
reinforcing bars and wire shall be determined by Eq. 11.4.5.2 but shal not be less than 12 in. (305 mm)
for barsand 6 in. (152 mm) for wire:

| @10%01341/ g !
T8tk k7

(11.45.2)

where:
[, = deveopment length, in.;
f = drength reduction factor asgivenin Table 11.5.3;

d, = diameter of thereinforcement, in.;

K = theleast of the clear spacing between adjacent reinforcement, the cover of masonry and
grout to the reinforcement, or 5timesd,, in.;

J'¢ = specified compressive strength of masonry, psi;

f, = gpecified yield strength of the reinforcement, psi; and
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= 1.0for No. 3 through No. 5 reinforcing bars,
1.4 for No. 6 through No. 7 reinforcing bars, or
1.5 for No. 8 through No. 9 reinforcing bars.
The metric equivdent of Eq. 11.45.2is

®162157d7 f g0
I, = gi éﬁgj (11.4.5.2-1)
ot K|/, &
wherel, , K, and d, aeinmmeand f, and /°,, arein MPa.
11.4.5.3 Standard Hooks:
11.4.5.3.1: Theterm standard hook as used in the Provisions shall mean one of the following:

11.4.5.3.1.1: A 180-degree turn plus extension of at least 4 bar diameters but not lessthan 2-1/2 in.
(64 mm) at free end of bar.

11.4.5.3.1.2: A 90-degreeturn plus extenson of at least 12 bar diameters at free end of bar.

11.4.5.3.1.3: For stirrup and tie anchorage only, either a 135-degree or a 180-degree turn plus an
extension of at least 6 bar diameters at the free end of the bar.

11.4.5.3.2: The equivaent embedment length for sandard hooks in tenson, /,,, shal be asfollows.

1, = 13d, (11.453.2)

where d,, = diameter of the reinforcement, in. The metric equivdent of Eq. 11.4.5.3.2 isthe same
except that d, isinmm.

11.4.5.3.3: Theeffect of hooksfor barsin compression shdl be neglected in design computations.
11.4.5.4 Minimum Bend Diameter for Reinforcing Bars:

11.4.5.4.1: Thediameter of bend measured on the insde of the bar, other than for stirrups and ties,
shall not be less than values specified in Table 11.4.5.4.1.

TABLE 11.4.5.4.1 Minimum Diameters of Bend

Bar Size Grade Minimum Bend
No. 3 (10 mm) through No. 7 (22 mm) 40 5 bar diameters
No. 3 (20 mm) through No. 8 (25 mm) 500r 60 | 6 bar diameters
No. 9 (29 mm) 50 or 60 8 bar diameters
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11.4.5.5 Development of Shear Reinforcement:
11.4.5.5.1: Shear reinforcement shal extend the depth of the member less cover distances.
11.4.5.5.2: Theendsof sngleleg or U-tirrups shal be anchored by one of the following means:

a A gandard hook plus an effective embedment of 0.5 times the development length, /,. The
effective embedment of astirrup leg shal be taken as the distance between the mid-depth of the
member and the start of the hook (point of tangency).

b. For No. 5 (16 mm) bar and D31 wire and smdler, bending around longitudina reinforcement
through at least 135 degrees plus an embedment of /,/3 . The [,/3 embedment of astirrup leg shdl
be taken as the distance between mid-depth of the member and the start of the hook (point of
tangency).

c. Between the anchored ends, each bend in the continuous portion of atransverse U-gtirrup shdl
enclose alongitudind bar.

11.4.5.5.3: Except at wal intersections, the end of areinforcing bar needed to satisfy shear strength
requirements in accordance with Sec. 11.7.3.3 shal be bent around the edge vertica reinforcing bar
with a 180-degree hook. At wall intersections, reinforcing bars used as shear reinforcement shadl be
bent around the edge vertica bar with a 90-degree standard hook and shal extend horizontaly into the
intersecting wall.

11.4.5.6 Splices of Reinforcement: Lap splices, welded splices, or mechanica connections shdl be
in accordance with the provisons of this section.

11.4.5.6.1 Lap Splices: Lap splices shdl not be used in plagtic hinge zones. The length of the plastic
hinge zone shall be taken as at least 0.15 times the distance between the point of zero moment and the
point of maximum moment.

11.4.5.6.1.1: The minimum length of lap, /,;, for barsin tenson or compression shall be equa to the
development length, /,, as determined by Eq. 11.4.5.2 but shal not be less than 12 in. (305 mm) for
barsand 6 in (152 mm) for wire.

11.4.5.6.1.2: Bars spliced by non-contact |ap splices shal not be spaced transversdly farther apart
than one-fifth the required length of |gp or more than 8 in. (203 mm).

11.4.5.6.2 Welded Splices: A welded splice shdl be capable of developing in tension 125 percent of
the specified yield strength, £, of the bar. Welded splices shal only be permitted for ASTM A706 sted!
reinforcement. Welded splices shdl not be permitted in plastic hinge zones of intermediate or specid
reinforced walls or specid moment frames of masonry.

11.4.5.6.3 Mechanical Splices: Mechanical splices shall be classfied as Type 1 or Type 2 according
to Sec. 21.2.6.1 of ACI 318,

193



2000 Provisions Chapter 11

Type 1 mechanica splices shadl not be used within a plagtic hinge zone or within a beam-column joint of
intermediate or specid reinforced masonry shear wals or specid moment frames. Type 2 mechanica
splices shdl be permitted in any location within a member.

11.5 STRENGTH AND DEFORMATION REQUIREMENTS:

11.5.1 General: Masonry structures and masonry members shal be designed to have strength &t dl
sections at least equad to the required strength caculated for the factored loads in such combinations
as are sipulated in these provisions.

11.5.2 Required Strength: Therequired strength shal be determined in accordance with Chapters
5and 6.

11.5.3 Design Strength: Design strength provided by a member and its connections to other
members and its cross sections in terms of flexure, axia load, and shear shall be taken asthe nominal
strength multiplied by a strength reduction factor, N, as specified in Table 11.5.3.

TABLE 11.5.3 Strength Reduction Factor N

Axid load, flexure, and Reinforced masonry N =0.85
combinations of axid load | Plain masonry N =0.60
and flexure

Shear Reinforced masonry N =0.80
Shear Plan masonry N =0.80
Reinforcement deved opment length and splices N =0.80
Anchor bolt strength as governed by sted! N =0.90
Anchor bolt sirength as governed by masonry N =0.50
Bearing N = 0.60

11.5.4 Deformation Requirements:

11.5.4.1: Masonry structures shal be designed so the design story drift, ), does not exceed the
dlowable sory drift, ) ,, obtained from Table 5.2.8.

11.5.4.1.1: Cantilever shear walls shdl be proportioned such that the maximum displacement, * .., a
Leve n does not exceed 0.014,,.

11.5.4.2: Deflection cdculations for plain masonry members shal be based on uncracked section
properties.

11.5.4.3: Deflection caculations for reinforced masonry members shdl be based on an effective
moment of inertiain accordance with the following:
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Mm_\° M \®
L, = In{ 7} + 1 1{ T} <1 (11.54.3)
where
M, =5,
M, = cracking moment strength of the masonry, in.-1b;
M, = maximum moment in the member a the stage deflection is computed, in.-1b;
I, = moment of inertiaof the cracked section, in.%;
1, = moment of inertia of the net cross-sectiond area of the member, in.?;
S = uncracked section modulus of the wall, in3; and
£, = modulus of rupture of masonry, ps.

The metric equivdent of Eq. 11.5.4.3 isthe same except that M, and M, arein (N-mm), I, and 1, are
inmmt, Sisinmm?, and £, isin MPa.

11.5.4.4: The cdculated deflection shdl be multiplied by C,, for determining drift.
11.6 FLEXURE AND AXIAL LOADS:

11.6.1 Scope: Thissection shal apply to the design of masonry members subject to flexure or axid
loads or to combined flexure and axid loads.

11.6.2 Design Requirements of Reinforced Masonry Members:

11.6.2.1: Strength design of membersfor flexure and axia loads shdl be in accordance with principles
of engineering mechanics and in accordance with the following design assumptions:

a Straininreinforcement and masonry shal be assumed directly proportiond to the distance from the
neutra axis, except for deep flexurd members with overdl depth to clear span ratio greeter than
2/5 for continuous span members and 4/5 for smple span members where a nonlinear distribution
of grain shal be considered.

b. Maximum usabledran, , ,,,, a the extreme masonry compression fiber shal be assumed equd to
0.0025 in./in. for concrete masonry and 0.0035 in./in. for clay-unit masonry.

c. Stressinreinforcement below the specified yield strength, £,, shall be taken as the modulus of
dadicity, E,, timesthe sted strain. For strains greater than those corresponding to the specified
yield strength, £, the stress in the reinforcement shall be considered independent of strain and equal
to the specified yidd strength, £,
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d. Tendle drength of masonry shdl be neglected in calculating the flexura strength of areinforced
masonry Cross section.

e. Hexurad compresson in masonry shall be assumed to be an equivalent rectangular stress block.
Masonry stress of 0.80 times the specified compressive strength, f ,7/1 shall be assumed to be

uniformly distributed over an equivaent compression zone bounded by edges of the cross section
and agraight line located pardld to the neutral axis at adistance a = 0.80c¢ from the fiber of
maximum compressve srain. For out of plane bending, the width of the equivaent stress block
shdl not be taken greeter than 6 times the nomina thickness of the masonry wall or the spacing
between reinforcement, whichever isless. For in-plane bending of flanged wadls, the same
dimension shdl apply.

11.6.2.2: For structures designed using an R vaue greater than 1.5, the ratio of reinforcement, D, shal
not exceed the lesser retio as ca culated with either of the following two criticd strain conditions:

a. For wadls subjected to in-plane forces, for columns, and for beams, the critical gtrain
condition corresponds to a gtrain in the extreme tension reinforcement equd to 5 timesthe
drain associated with the reinforcement yield stress, f,.

b. For walls subjected to out-of-plane forces, the critical strain condition corresponds to a
drain in the extreme tensgon reinforcement equa to 1.3 times the strain associated with the
reinforcement yield stress, .

For both cases, the strain in the extreme compression fiber shal be assumed to be either 0.0035 for
clay masonry or 0.0025 for concrete masonry.

The caculation of the maximum reinforcement ratio shal include unfactored gravity axia loads. The
stress in the tension reinforcement shal be assumed to be 1.25 f,. Tension in the masonry shall be
neglected. The strength of the compressive zone shall be caculated as 80 percent of /1, times 80
percent of the area of the compressive zone. Stress in reinforcement in the compression zone shdl be
based on alinear drain distribution.

For structures designed using an R vaue less than or equd to 1.5, theratio of reinforcement, D, shdl
not exceed the ratio as caculated with the following critical strain condition:

The critical strain condition corresponds to a strain in the extreme tension reinforcement equal to 2
times the strain associated with the reinforcement yield dtress, /.. The strain in the extreme compression
fiber shal be assumed to be either 0.0035 for clay masonry or 0.0025 for concrete masonry.

The caculation of the maximum reinforcement ratio shal include unfactored gravity axia loads. The
gressin the tenson reinforcement shal be calculated by multiplying the strain by the modulus of
eladticity of the reinforcement, but need not be taken greater than 1.25f, Tendon in the masonry shall
be neglected. The strength of the compressive zone shdl be calculated using an triangular stress block
whaose maximum vaue is the strain in the extreme compression fiber of the masonry, times the modulus
of dadticity of the masonry. Stressin reinforcement in the compression zone shall be based on alinear
drain digtribution.
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11.6.2.3: Members subject to compressive axid load shdl be designed for the maximum moment that
can accompany the axid load. The required moment, M, shdl include the moment induced by reaive
laterd displacements.

11.6.3 Design of Plain (Unreinforced) Masonry Members:

11.6.3.1: Strength design of members for flexure and axid load shal be in accordance with principles
of engineering mechanics .

11.6.3.2: Strainin masonry shal be assumed directly proportiond to the distance from the neutral axis.
11.6.3.3: Hexurd tenson in masonry shal be assumed directly proportiona to strain.

11.6.3.4: Hexura compressve stressin combination with axia compressive stress in masonry shdl be
assumed directly proportiond to strain. Maximum compressive stress shdl not exceed 0.85f W/l :

11.6.3.5: Design axid load strength shall be in accordance with Eq. 11.6.3.5-1 or Eq. 11.6.3.5-2:

h 2
=4 - == [ for alr < 11.6.3.5-1
2
P - 47 (.%.) for hlr $ 99 (11.6.35-2)

where:

= strength reduction factor per Table 11.5.3;

A, = net cross-sectional area of the masonry, in.%;

= specified compressive strength of the masonry, psi;

h = effective height of the wall between points of support, in. and
r = radius of gyration, inches.

The metric equivaents for Eq. 11.6.3.5-1 and Eq. 11.6.3.5-2 are the same except that 4,, isin mn,
f,; isin MPa, and /# and r are in mm..

11.7 SHEAR:
11.7.1 Scope: Provisonsof this section shal gpply for desgn of members subject to shear.
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11.7.2 Shear Strength:
11.7.2.1: Design of cross sections subjected to shear shall be based on:

v,# V, (11.7.2.1)
where:
v, = required shear strength due to factored loads, 1b;
N = strength reduction factor per Table 11.5.3; and
v, = nomina shear strength, Ib.

The metric equivaent of Eq. 11.7.2.1 isthe same except that V/, and 7, arein N.

11.7.2.2: Thedesign shear strength, N7/, , shall exceed the shear corresponding to the devel opment of
1.25 times the nomind flexurd strength of the member, except that the nomind shear strength need not
exceed 2.5times V.

11.7.3 Design of Reinforced Masonry Members:
11.7.3.1: Nomind shear strength, V,,, shal be computed as follows:

Ve =V =V, (11.7.3.1-1)
where:
v, = nomind shear srength, Ib;
V, = nomina shear strength provided by masonry, 1b; and
V = shear strength provided by reinforcement, 1.

The metric equivaent for Eqg. 11.7.3.1-1 isthe same except that V,, V,,, and V; arein N.

v mag - & 4, (11.7.3.1-2)
For M/Vd, < 0.25:
For MIVd, < 1.00:
v, mag - 417 4, (11.7.3.1-3)
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where:
V., (max) = maximum nomina shear srength, 1b;
A, = net cross-sectiona area of the masonry, in.%;
yi- = specified compressive strength of the masonry, ps;
M = moment on the masonry section due to unfactored design loads, in.-1b;
14 = shear on the masonry section due to unfactored loads, Ib; and
d, = length of member in direction of shear force, inches.

Vauesof MIVd, between 0.25 and 1.0 may be interpolated.

The metric equivaent of Eq. 11.7.3.1-2is V| (max) = O.SE 4 and the metric equivaent of Eq.

11.7.3.1-3is V, (max) = O.33JEA}1 where V, (max) isin N, 4,, isinmn?, f)| isin MPa, M isin N-
mm, and 4 isin mm.

11.7.3.2: Shear strength, V,,, provided by masonry shall be asfollows:

B ~ M /
o= [4.0 1.75(ﬁ)]/1n Vi + 025P (11.7.3.2)

where M/Vd, need not be taken greater than 1.0 and

V = shear strength provided by masonry, Ib;

M = moment on the masonry section due to unfactored design loads, in.-1b;
14 = shear on the masonry section due to unfactored loads, pS;

d, = length of member in direction of shear force, in,;

A, = net cross-sectiona area of the masonry, in.?;

f r; = gpecified compressive strength of the masonry, ps; and

P = axid load on the masonry section due to unfactored design loads, |b.

The metric equivalent of Eq. 11.7.32is V= = 0.083[4.0 - 1.75( %) }An./E + 0.25P where

v, and P arein N, M isin N-mm, i, isin MPa, d isin mm, and 4,, isin mm?.
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11.7.3.3: Nomind shear strength, ¥, provided by reinforcement shal be as follows:

v, = 0.5{ AT) fd, (11.7.33)
where:
A, = area of shear reinforcement, in.2 (mn);
d, = length of member in direction of shear force, in. (mm);
s = gpacing of shear reinforcement, in. (mm); and
/ = specified yield strength of the reinforcement or the anchor bolt as applicable, ps

(MPa).
The metric equivdent of Eqg. 11.7.3.3 isthe same.
11.7.4 Design of Plain (Unreinforced) Masonry Members:
11.7.4.1: Nomina shear strength, V,,, shdl be the least of the following:

a 1.50 JEA,,, Ib (the metric equivdent is0.375 JEAH, Wherefrfi isin MPaand 4,, isin mn?);

b. 1204,, Ib (the metric equivaent is 0.834,,, N, where 4, isin mnv);

C. 37 4, + 0.3 N, for running bond masonry not grouted solid, Ib (the metric equivalent is0.264,,

+0.3N, where 4, isinmn? and N, isin N);

374, + 0.3 N, for stack bond masonry with open end units grouted solid, b (the metric
equivaent is0.264, + 0.3N, when 4, isinmn? and N, isin N);

60 4, + 0.3 N, for running bond masonry grouted solid, Ib (the metric equivdent is0.4144,, +

0.3N, when 4,, isinmn? and N, isin N); and

15 A4,, for stack bond masonry with other than open end units grouted solid, |b (the metric
equivaent is 0.1034, when 4,, isin mn¥

where:
/1= specified compressive strength of the masonry, psi;
A, = net cross-sectional area of the masonry, in.?; and
N, = forceacting norma to shear surface, Ib.

11.8 SPECIAL REQUIREMENTS FOR BEAMS:
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11.8.1: The spacing between laterd supports shdl be determined by the requirements for out of-plane
loading but shal not exceed 32 times the least width of beam.

11.8.2: The effects of laterd eccentricity of load shdl be taken into account in determining spacing of
lateral supports.

11.8.3: The minimum posttive reinforcement ratio r in abeam shal not be less than 120/, (the metric
equivaent is 0.83/f, where f, isin MPa) except that this minimum positive sted reinforcement ratio need
not be satisfied if the areaof reinforcement provided is one third greater than that required by analyss
for gravity loads and the Seismic Design Category iSA, B, or C.

Where a concrete floor provides a flange and where the beam web isin tension, the ratio, D, shdl be
computed using the web width.

11.8.4 Deep Flexural Members:

11.8.4.1: Hexurd memberswith overal depth to clear span ratios greater than 2/5 for continuous
gpans or 4/5 for smple spans shdl be designed as deep flexural members taking into account nonlinear
digribution of srain and lateral buckling.

11.8.4.2: Minimum flexurd tengon reinforcement shal conform to Sec. 11.8.3.

11.8.4.3: Uniformly distributed horizonta and vertical reinforcement shall be provided throughout the
length and depth of deep flexurd members such that the reinforcement ratios in both directions are at
least 0.001. Digtributed flexurd reinforcement isto be included in the determination of the actua
reinforcement ratios.

11.9 SPECIAL REQUIREMENTS FOR COLUMNS:

11.9.1: Areaof longitudina reinforcement for columns shall be not less than 0.005 or more than 0.04
times cross-sectiona area of the column.

11.9.2: There shdl be aminimum of four longitudind barsin columns.
11.9.3: Laterd tiesshdl be provided to resst shear and shal comply with the following:
a Laed tiesshdl beat least /4 in. (6 mm) in diameter.

b. Veticd sacing of laterd ties shdl not exceed 16 longitudina bar diameters, 48 laterd tie
diameters, nor the least cross sectiona dimension of the column.

c. Lated tiesshdl be arranged such that every corner and aternate longitudina bar shal have laterd
support provided by the corner of alatera tie with an included angle of not more than 135 degrees
and no bar shdl be farther than 6 in. (152 mm) clear on each Sde dong the latera tie from such a
laterally supported bar. Laterd ties shal be placed in either amortar joint or grout. Where
longitudinal bars are located around the perimeter of acircle, acomplete circular laterd tieis
permitted. Minimum lap length for circular ties shal be 84 tie diameters.
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d. Laterd tiesshdl belocated verticaly not more than one-hdf laterd tie spacing above the top of
footing or dab in any story and shall be spaced as provided herein to not more than one-haf a
laterd tie spacing below the lowest horizontal reinforcement in beam, girder, dab or drop pand
above.

e. Where beams or brackets frame into a column from four directions, laterd ties may be terminated
not more than 3 in. (76 mm) below lowest reinforcement in the shallowest of such beams or
brackets.

11.10 SPECIAL REQUIREMENTS FOR SHEAR WALLS:

11.10.1 Ordinary Plain Masonry Shear Walls: The design of ordinary plain masonry shear
walls shal be in accordance with Sec. 11.3.2 or Sec. 11.3.3. No reinforcement is required to resst
seigmic forces.

11.10.2 Detailed Plain Masonry Shear Walls: Thedesgn of detailed plain masonry shear
walls shal be in accordance with Sec. 11.3.3. Detailed plain masonry shear walls hdl have
minimum amounts of reinforcement as prescribed in Sec. 11.3.7.3 and 11.3.7.4.

11.10.3 Ordinary Reinforced Masonry Shear Walls: Thedesign of ordinary reinforced
masonry shear walls shdl bein accordance with Sec. 11.3.4. No prescriptive seismic reinforcement
isrequired for ordinary reinforced masonry shear walls

11.10.4 Intermediate Reinforced Masonry Shear Walls: The desgn of intermediate reinforced
masonry shear walls shal be in accordance with Sec. 11.3.4. Intermediate reinforced masonry
shear walls shdl have minimum amounts of reinforcement as prescribed in Sec. 11.3.7.3 and 11.3.7.4.

11.10.5 Special Reinforced Masonry Shear Walls: Special reinforced masonry shear walls
ghal meet the requirements for intermediate reinforced masonry shear walls (Sec. 11.10.4) in
addition to the requirements of this section.

Thedesign of special reinforced masonry shear walls shal be in accordance with Sec. 11.3.4.
Special reinforced masonry shear walls shal comply with materid requirements of Sec. 11.3.8,
minimum reinforcement requirements of Sec. 11.3.8.3 and 11.3.8.4, and minimum thickness
requirements of Sec. 11.3.8.5. In addition, special reinforced masonry shear walls shdl be
reinforced and congtructed as required in this section.

11.10.5.1 Vertical Reinforcement: The maximum spacing of vertical reinforcement in an special
reinforced masonry shear wall shdl be the smdler of :

a. Onethird the length of the wall,
b. Onethird the height of thewal, or
c. 48in. (1219 mm).
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11.10.5.2 Horizontal Reinforcement: Reinforcement required to resist in-plane shear in aspecial
reinforced masonry shear wall shal be placed horizontaly, shdl be uniformly distributed, and shdl be
embedded in grout. The maximum spacing of horizontal reinforcement shal be the smdler of:

a Onethird the length of the wall,

b. One-third the height of thewall,

c. 48in. (1219 mm), or

d. 24in. (610 mm) for stack bond masonry.

11.10.5.3 Shear Keys: The surface of concrete upon which aspecial reinforced masonry shear
wall is congructed shall have a minimum surface roughness of /8 in. (3.0 mm). Keyswith the
fallowing minimum requirements shdl be placed at the base of special reinforced masonry shear
walls when the cdculated strain in vertical reinforcement exceeds the yield strain under load
combinations that include seismic forces based on a R factor equal to 1.5:

a. Thewidth of the keys shdl be at least equd to the width of the grout space

b. Thedepth of the keys shdl be a least 1.5 in. (40 mm),

c. Thelength of thekey shdl be at least 6 in. (152 mm),

d. The spacing between keys shdl be a least equd to the length of the key,

e. Thecumulaive length of dl keys shdl be at least 20 percent of the length of the shear wal,

f. A minimum of one key shal be placed within 16 in. (406 mm) of each end of ashear wall, and

g. Eachkey and the grout space above each key in the first course of masonry shal be grouted solid.
11.10.6: Flanged Shear Walls:

11.10.6.1:  Wall intersections shdl be considered effective in transferring shear when either
conditions () or (b) and condition (C) as noted below are met:

a. Theface shels of hollow masonry units are removed and the intersection is fully grouted.

b. Salid unitsarelad in running bond and 50 percent of the masonry units at the intersection are
interlocked.

c. Renforcement from oneintersecting wall continues past the intersection a distance not less than 40
bar diameters or 24 in. (600 mm).

11.10.6.2: The width of flange considered effective in compression on each side of the web shall be
taken equd to 6 times the thickness of the web or shall be equd to the actud flange on either sde of the
web wall, whichever isless.
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11.10.6.3: The width of flange considered effective in tenson on each side of the web shdl be taken
equal to 3/4 of the wall height or shdl be equd to the actud flange on ether sSde of the web wall,
whichever isless

11.10.7 Coupled Shear Walls:

11.10.7.1 Design of Coupled Shear Walls: Structural members that provide coupling between
shear walls shdl be designed to reach their moment or shear nominal strength before either shear
wall reachesits moment or shear nominal strength. Anadyss of coupled shear walls shdl conform to
accepted principles of mechanics.

11.10.7.2 Shear Strength of Coupling Beams: The design shear strength,N 7, of the coupling
beams shall exceed the shear calculated as follows:

, 128M.+ M)

fv, L + 14V, (
11.10.7.2)
where:
NV, = shear strength, 1b (N);
M, and M, = nomina moment strength at the ends of the beam, Ib-in. (N-mm);
L, = length of the beam between the shear walls, in. (mm); and
V, = unfactored shear force due to gravity loads, b (N).

The metric equivalent of Eq. 11.10.7.2 isthe same except that 1, and V, arein N, M, and M, arein
N-mm, and L isin mm.

The caculation of the nomind flexurd moment shdl include the reinforcement in reinforced concrete
roof and floor syssem. The width of the reinforced concrete used for caculations of reinforcement shall
be sx times the floor or roof dab thickness.

11.11 SPECIAL MOMENT FRAMES OF MASONRY:

11.11.1 Calculation of Required Strength: The caculation of required strength of the members
ghdl bein accordance with principles of engineering mechanics and shdl consder the effects of the
relative stiffness degradation of the beams and columns.

11.11.2 Flexural Yielding: Flexurd yidding shdl be limited to the beams a the face of the columns
and to the bottom of the columns at the base of the structure.

11.11.3 Reinforcement:

204



Masonry Structure Design Requirements

11.11.3.1: The nominad moment strength at any section dong amember shal not be less than one-half
of the higher moment strength provided &t the two ends of the member.

11.11.3.2: Lagp splices are permitted only within the center haf of the member length.

11.11.3.3: Wdded splices and mechanica connections may be used for splicing the reinforcement at
any section provided not more than aternate longitudinal bars are spliced at a section and the distance
between splices on dternate barsis at least 24 in. (610 mm) dong the longitudina axis.

11.11.3.4: Reinforcement shal have a specified yield strength of 60,000 ps (414 MPd). The actud
yield strength shdl not exceed 1.5 times the specified yield strength.

11.11.4 Wall Frame Beams:

11.11.4.1: Factored axiad compression force on the beam shall not exceed 0.10 times the net cross-
sectiond area of the beam, 4,,, times the specified compressive strength, f ,; :

11.11.4.2: Beamsinterconnecting vertica dements of the laterd-load-resisting system shdl be limited
to areinforcement ratio of 0.157,,/f, or that determined in accordance with Sec. 11.6.2.2. All
reinforcement in the beam and adjacent to the beam in areinforced concrete roof or floor system shall
be used to caculate the reinforcement ratio.

11.11.4.3: Clear span for the beam shal not be less than 4 times its depth.

11.11.4.4: Nomind depth of the beam shdl not be less than 4 units or 32 in. (813 mm), whichever is
greater. The nomind depth to nomind width ratio shall not exceed 4.

11.11.4.5: Nomind width of the beams shall equa or exceed dl of the following criteria
a. 8in. (203 mm),

b. Width required by Sec. 11.8.1, and
c. 1/26 of the clear span between column faces.

11.11.4.6: Longitudinal Reinforcement:

11.11.4.6.1: Longitudind reinforcement shal not be spaced more than 8 in. (203 mm) on center.
11.11.4.6.2: Longitudind reinforcement shal be uniformly distributed dong the depth of the beam.

11.11.4.6.3: Inlieu of the limitations of Sec. 11.8.3, the minimum reinforcement ratio shal be 130/f,
(the metric equivaent is 0.90/f, wheref,, isin MPa).

11.11.4.6.4: At any section of abeam, each masonry unit through the beam depth shall contain
longitudina reinforcement.

205



2000 Provisions Chapter 11

11.11.4.7 Transverse Reinforcement:

11.11.4.7.1: Transverse reinforcement shal be hooked around top and bottom longitudinal bars and
shall be terminated with a standard 180-degree hook.

11.11.4.7.2: Within an end region extending one beam depth from wall frame column faces and a
any region at which beam plagtic hinges may form during seismic or wind loading, maximum spacing of
transverse reinforcement shal not exceed one-fourth the nomina depth of the beam.

11.11.4.7.3: The maximum spacing of transverse reinforcement shal not exceed one-hdf the nomind
depth of the beam or that required for shear strength.

11.11.4.7.4: Minimum transverse reinforcement ratio shal be 0.0015.
11.11.4.7.5: Thefirg transverse bar shal not be more than 4 in. (102 mm) from the face of the pier.
11.11.5 Wall Frame Columns:

11.11.5.1: Factored axia compression force on the wall frame column shal not exceed 0.15 times
the net cross-sectiona area of the column, 4, times the specified compressive strength, £, rfl . The

compressive stress shdl aso be limited by the maximum reinforcement retio.

11.11.5.2: Nominal dimension of the column parald to the plane of the wall frame shdl not be less
than two full units or 32 in. (810 mm), whichever is grester.

11.11.5.3: Nominal dimension of the column perpendicular to the plane of the wall frame shdl not
be less than 8 in. (203 mm) or 1/14 of the clear height between beam faces.

11.11.5.4: The clear height-to-depth ratio of column members shal not exceed 5.
11.11.5.5 Longitudinal Reinforcement:

11.11.5.5.1: A minimum of 4 longitudind bars shdl be provided a al sections of every wall frame
column member.

11.11.5.5.2: Theflexura reinforcement shall be uniformly disiributed across the member depth.

11.11.5.5.3: The nomina moment strength at any section dong a member shdl be not lessthan 1.6
times the cracking moment strength and the minimum reinforcement ratio shall be 130/f, (the metric
equivaent is 0.90/f, wheref, isin MPa).

11.11.5.5.4: Verticad reinforcement in wal-frame columns shdl be limited to a maximum
reinforcement ratio equal to the lesser of 0.15f1,, / f, or that determined in accordance with Sec.
11.6.2.2.

11.11.5.6 Transverse Reinforcement:

11.11.5.6.1: Transverse reinforcement shdl be hooked around the extreme longitudina bars and shall
be terminated with a standard 180-degree hook.
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11.11.5.6.2: The spacing of transverse reinforcement shall not exceed one-fourth the nomina
dimengon of the column pardld to the plane of the wall frame.

11.11.5.6.3: Minimum transverse reinforcement ratio shall be 0.0015.

11.11.6 Wall Frame Beam-Column Intersection:

11.11.6.1: Beam-column intersection dimensions in masonry wal frames shal be proportioned such
that the wal frame column depth in the plane of the frame satisfiesEq. 11.11.6.1-1:

4,800d,,
h > e
» (11.12.6.1-1)

/

1.

h, = pier depthinthe plane of thewadl frame, in,;

d,, = diameter of the largest beam longituding reinforcing bar passing through, or anchored in,
the wall frame beam-column intersection, in.; and

S, = specified compressive strength of grout, psi (shall not exceed 5,000 psi (34.5 MPa) for use
inEq. 11.11.7.1-1).

0d,,

40
The metric equivalent of Eq. 11.11.6.1-1is h, >
I

where i, and d,,, areinmm and f, isin

MPa.
Beam depth in the plane of the frame shall stisfy Eqg. 11.11.6.1-2:

18004,
b (11.11.6.1-2)

/

fe

S

h, = beam depth in the plane of the wdl frame, in;

d,, = diameter of thelargest column (pier) longitudina reinforcing bar passing through, or
anchored in, the wal frame beam-column intersection, in.; and

Sl = specified compressive strength of grout, psi (shall not exceed 5,000 psi (34.2MPa) for use
inEq. 11.11.6.1-1).
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1504
The metric equivalent of Eq. 11.11.6.1-2is h, > b2, where h,, and d,, aeinmm and J;f isin
/

I

MPa

Nomina shear strength of beam-column intersections shal exceed the shear occurring when wall frame
beams develop their nomind flexurd srength.

11.11.6.2: Beam longitudind reinforcement termingting in awal frame column shal be extended to
the far face of the column and shall be anchored by a standard hook bent back into the wall frame
column.

Specid horizonta shear reinforcement crossing a potentia diagona beam column shear crack shall be
provided such that:

4, $ — (11.11.6.2)

SN
I

cross-sectiond area of reinforcement in.?;
V, = nomind shear srength, Ib; and

e

The metric equivaent of Eq. 11.11.6.2 is the same except that 4, isinmn?, ¥, isin N, and f; isin
MPa.

Specia horizontd shear reinforcement shall be anchored by a standard hook around the extreme wall
frame column reinforcing bars.

specified yield srength of the reinforcement or the anchor bolt as applicable, ps.

Vertical shear forces may be consdered to be carried by a combination of masonry shear-resisting
mechaniams and truss mechanisms involving intermediate column reinforcing bars.

The nomind horizonta shear stress at the beam- column intersection shall not exceed the lesser of 350
psi (2.5 MPa) or 7‘/3 (the metric equivalent is 0.58\/E MPa).

11.12 GLASS-UNIT MASONRY AND MASONRY VENEER:

11.12.1 Design Lateral Forces and Displacements: Glass-unit masonry and masonry veneer shdl
be designed and detailed to resist the design lateral forces as described in Sec. 6.1 and 6.2.

11.12.2 Glass-Unit Masonry Design:

11.12.2.1: The requirements of Chapter 7 of ACI 530 shdl apply to the design of glass unit
masonry. The out-of-plane seismic strength shal be consdered as the same as the strength to resst
wind pressure as specified in Sec. 7.3 of ACI 530 .
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11.12.3 Masonry Veneer Design:
11.12.3.1: Therequirements of Chapter 6 of ACI 530 shal apply to the design of masonry veneer.

11.12.3.2: For structures in Seismic Design Category E, corrugated sheet metal anchors shall not
be used.
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